T. 178, Ne 6]

KOH®EPEHIIMU 11 CUMIIO3MMYMBbI 653

5. Tlepexonbl Mex1y BaKyyMaMu C pa3HbIMU TOTOJOTHYEC-
KHMU 3apslaMu BJISIIOTCS TYHHEJIbHBIMU NEPEX0IaMu,
TMPOUCXOASALIUMHI BJOJb KJIACCUYECKHX TPAEKTOpUNA B
TPOCTPAHCTBE TIOJIEH, — CaMOJyaIbHbIMU PEUICHUSIMU
ypaBHernit KX /| — mHCTaHTOHAMU.

6. AxcuanbHas aHoManus B KX ]I npuBOAUT K MOSIBJICHUIO
HYJIEBBIX MOJI B ypaBHEeHUH Jlupaka 115 JETKUX KBapKOB
¥ yKa3bIBaeT HA BO3HUKHOBEHHUE CIIOHTAHHOI'O Hapyllle-
HUS KHpAJIbHOM cuMMeTpud B Bakyyme KX /]I — cymect-
BOBaHHUE KBAPKOBOI'O KOH/ICHCATA.

7. AxcranbHasi aHOMAaJIUs ¢ BBICOKOH TOYHOCTBIO (~ 2 %)
pecKka3biBaeT BeIMYMHY INMpUHBI ’ — 2y-pacrana,
MOJATBEPKAAEMYIO IKCIIEPUMEHTOM.
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Teopust 0OTHOCHTEJILHOCTH
u Teopema Ilndaropa

JI.b. OkxyHb

1. BBenenne

Hoxnan "Dueprus u Macca B Tpyaax DiiHiuTeiina, Jlanaay u
®eitnmana", kotopblit s roroBua s Ceccun OteneHus
¢usmueckux Hayk PAH, MOCBSIIEHHON CTOJIETUIO CO JHS
poxnenus JIvBa [HaBumposmua Jlammay, AOJKeH OBLI
COCTOSITh M3 JIBYX YaCTeW: UCTOPHYECKOW M (DU3MUECKOH.
Ucropuueckas yactb Bouwia B cratbio «Dopmyna DitHI-
Teitna: £y = mc?. "He cmeétea mu Focnons Bor"?», ony6m-
KOBaHHYIO B Maiickom HoMepe V@ H [1]. ®usuueckas xe
4acTh myOsmkyeTcsi ceiiuac. OHA TOCBSIIIICHA Pa3JIMYHBIM,
TaKk CKa3aTbh, TEXHUYECKUM BOIPOCAM TEOPUH, TAKHM KaK
aHAJIN3 pa3MepHOCTel U (PyHTaMeHTAJbHbIE KOHCTAHTBI ¢ U
h; KuHEeMaTuKa OJHON YaCTHUIIbI BO BCEM IUAIIA30HE CKOPOC-
Teit ot 0 10 ¢; CUCTEMBI IBYX U MHOTHX CBOOOIHBIX YAaCTHI;
B3aUMOJIEHCTBUS MEXAY YaCTHIAMU: JIEKTPOMATHHUTHOE,
TPABHTAIIMOHHOE W Jpyrue. B TekcTe HCMOJIL30BAHBI
CIIAlIbl JTOKJIaZa Ha CECCHHM OT[EJICHHS SIepHOU (HU3UKU
O®H PAH, cocrosBiueiicst B Hosiope 2007 r. B UHCTHTYTE
TEOPETUUYECKON U IKCrepuMeHTanbHOU puzuku (UTOD). A
crapaJicsi paccka3aTh 00 OCHOBHBIX (OpMYJIaX TEOPUHU
OTHOCHUTEJIbHOCTH MaKCUMAaJIbHO MPOCTO, MOJb3YSICh B
ocHOBHOM Teopemoii [Tudaropa.

2. OTHOCUTEILHOCTDH

Boiciias Touka 3pennsi. [ToHsiTue mMaccel B (puzmke mmeet
MHOTOBEKOBYIO HCTOpHUIO. VICTOpUSI 3Ta OYeHb MHTEPECHA, HO
3/1eCh MBI He OyJ1eM ee kacaThesl. BMecTo aToro mocrapaemcst
B3TJISSHYTh HAa MAcCy C BBICIIICH TOYKU 3peHHus. S NCIOJIb3yIo
37ech 3HaMeHuToe Ha3zBaHue kHUru Penukca Kneitna J.e-
MeHmapHas mamemamura ¢ evicuteti. mouxu 3perus. (OHO
TPaJMIUOHHO HEMPABUIILHO TMEPEBOAUTCS HA PYCCKUI SI3bIK
Kak D.1eMeHmaphas mMamemamuka ¢ MoKy 3peHus 6blcuiell.
CwMm. npenuciosue B.I'. Bonrsgackoro x 4-my pycckomy
uznanuto [2].) Takas BeIcIIasi, COBpeMEHHAsl TOYKA 3PEHUS,
B OCHOBE KOTOPOI JiexKaT MPUHIUIIBEI CHAMMETPHH BOOOIIE U
TEOpUsT OTHOCHTEJILHOCTH B YAaCTHOCTH, TO3BOJISIET H30e-
JKaTh TEPMHUHOJIOTHYECKOW TyTAHUIIBI U CBS3aHHBIX C HEl
MapajioKCoOB.

IMpunuun otHocuteabuoctT. Co BpemeH [Nanunes u HeroToHa
TepMHKH "IPUHIAI OTHOCUTEIBHOCTH" BHIPAKAET HEBO3MOK-
HOCTb, OCTaBasiCb BHYTPU 3aMKHYTOTO HPOCTPAaHCTBA
(Hammpumep, BHYTPH KOpabJis), MOCPEACTBOM KAaKHX OBI TO
HH OBLIO JKCHEPUMEHTOB OOHAPYXHUTh MOCTYMATEIbHOE
(paBHOMEpHOE M MPSMOJIMHEHHOE) JBMKEHUE 3TOTO MPOCT-
panctBa. DiHIITerH B 1905 1. 00001IMI 3TOT NPUHIUI HA
clIydail CyliecTBOBaHUS MPEIEIbHON CKOPOCTU paclpocTpa-
HeHusi curHajioB. (KoHe4Hasi CKOpOCTb pacnpoCTpaHEeHUs
cBeTa ObLTa OTKpBITA PéMepom emie B 1676 r.) [1nank Ha3Ba
MOCTPOCHHYIO TaKUM 00Opa3oM TEOPHUIO TEOPUEH OTHOCH-
TeJIbHOCTH DHUHIITENHHA.

Mexanuka n ontuka. HeloTOH TbITasICS MOCTPOUTH €IUHYIO
TEOPHUI0, OOBEIUHSIONIYIO KAK TEOPUIO JBIKEHHUS] MAaCCHB-
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HBIX OOBEKTOB (T€JI) — MEXaHHKY, TAK U TECOPUIO PACHpPO-
CTpaHEHUsI CBeTa — ONTUKY. EnmHyro Teopwio dacTuil
MAacCCHBHOTO BEIIECTBA U CBETA yIaJI0OCh MOCTPOUTH TOJIBKO
B XX B. Ilpu 3TOM OKa3zanaoch, 4YTO CBET, TaK k€ KaK U
MAacCCUBHOE BEIIECTBO, — 3TO TOXE MaTepus, HO ero
YacTHUIBI Oe3MaccoBbl. Takoil B3rJIsiT HA YaCTHIILI CBETA —
(hOTOHBI — /10 CUX MOP BBI3BIBAET COIPOTUBJICHHE MHOTUX HE
TOJIBKO M3YYAIOIINX, HO M MPETOIA0ITNX (PUUKY.

3. Pazmepnoctn

Emuaunbi, B kotopbix ¢ = 1. MakcumanbHyI0O CKOPOCTH B
MpUpo/ie OOBIYHO HA3BIBAIOT CKOPOCTBEO CBETA U 00O3HA-
yarot ¢. [Ipu paccMoTpernn GopMyJ1 TEOPUN OTHOCHTEIHHO-
cTH yaoOHO TOJIb30BATHCSA TAKOW CHCTEMOU €IWHUII, B
KOTOpPOW ¢ BbIOpaHa B KauyecTBe €IWHUIIBI cKopocTu. Ilo-
CKOJIbKY ¢/c¢ = 1, B TaKkoii cCTEMe eTUHUIL BO BceX hopMytax
cleayeT MOJOXHUTb ¢ = 1, 4TO o4eHb ux ympoinaer. Eciam
U3MEPSITh BPEMsl B CEKYHIAX, TO B 3TOW CHCTEME €IUHHMIT
paccTOsIHUE CJIeIyeT U3MEPSATHh B CBETOBBIX CEKYHIAX: OJHA
cBeToBas ceKyHaa pasHa 3 x 100 cm.

ITyanxape n ¢. OquH U3 co3gaTeseil TEOPUM OTHOCUTEIBHO-
ctu— [lyankape, roBopsi B 1904 r. 0 TOM, 4TO CKOPOCTH CBETA
¢ BXOAWT BO BCE ypaBHEHUs JJIEKTPOIMHAMUKH, CPAaBHUI
CUTYAIMIO C TE€OLEHTPUYECKON Teopuei snunukioB [1Tomo-
Mesl, B KOTOPOU B COOTHOIIIEHUSI MEXTy JIBIDKEHUSIMH Hebec-
HBIX TeJI BXOAuJ 3eMHOI rof. Ilyankape BbIcka3aj HaJAexX 1y,
uyTo Oyaymmit KonepHuk n36aBUT 3J1eKTPOIUHAMUKY OT ¢ [3].
Ho yxe B creqyrommem rogy DUHIITEHH MOKa3aJl, YTO B TEO-
pUU OTHOCUTENIBHOCTU ¢ JOJDKHA UIPATh KJIFOYEBYIO POJIb
KakK MpeJiesibHast CKOPOCTh PACIIPOCTPAHEHUSI CUTHAJIOB.

Cucrema equnnn CU u ¢ = 1. B MexayHapoaHoOU cucteme
equann CU equanma ckopoctu 1 M ¢! HaBs3aHa coobpaxe-
HUSIMH YA0OCTBA, CTAHIAPTU3ANNEH TIPOU3BOJICTBA H TOPTO-
BJIM, HO HE 3aKOHAMH MPHUPOJBL. B OTIHYMe OT 3TOrO ¢ B
KauecTBE €JMHUIIBI CKOPOCTH HABSI3BIBACTCSl CAMOM MPUPO-
JI0H, Korga Mbl XOTUM paccMaTpuBaTh (hyHIAMEHTAJIbHbIE
TPOIIECCHI B HEH.

Pa3mepnbie mHoxkuTe. PaccMoTpuM Hekyio (pusmueckyro
BesmuuHy a. O603HAYNM Kak [d] pa3MepHOCTh BEJMYUHBI d.
VMHOXeHUe a Ha JIO0YH CTeNeHb MUPOBOW MOCTOSIHHON ¢
HECOMHEHHO M3MEHSIET €€ Pa3MEpHOCTh, HO HE MEHSET ee
¢dusnueckoii cytu. Huxke s mosicHIO, TOYEMY 3TO Tak.

CKopoCTh, HMIYJIbC, 3Heprus, Macca. OOLIYHO pa3sMEPHOCTH
HAMITYJIbCA, MACCHI M CKOPOCTH YaCTHIILI CBA3AHBI COOTHOIIIE-
HueM [p] = [m][v], a pa3MepHOCTH 3HEPrHHU, MACCHI U CKOPO-
CTH — cooTHowIenueM [E] = [m][v?].

BBezneMm Oe3pa3mMepHyro CKOPOCTb V/¢ M HAYMHASI C 3TOTO
MOMEHTa OyJeM HMEHHO e¢e¢ 0003HauaTh V. AHAJOTUYHO
Oy/leM Ha3bIBATb MMITYJILCOM P TO, YTO OOBIYHO 00O3Ha-
4aloT p/c. A sHeprueil 6y1eM Ha3bIBATh BeMUuHy ¢ = E/c?.
O4eBUAHO, YTO TOTJA PAa3sMEPHOCTH P, € U M CTAHYT
OJMHAKOBBIMH H, CJEIOBATEIbHO, 3TH BEJIMYMHBI MOXHO
OyaeT U3MepPSTh B OJHUX M TeX K€ €IUHUIAX, HATIPUMED B
rpaMMax MM B 3JIEKTPOHBOJIbTAX, KaK IPUHSTO B (pU3MKE
3JIEMEHTAPHBIX YaCTHII.

O OykBe ¢ s 3Heprun. BeiOop OyKBBI ¢ J1Is 0003HAUYEHUS
SHEPTUM YACTHIBI MOXKET BBI3BATH HETOBOJILCTBO YMTATEIIS,
TTOCKOJIBKY OOBIYHO 3THM CHMBOJIOM 0003HAYAIOT 3JIEKTPOH

u ajexTtpuyeckuil 3apsia. Ho x myranunme Takoil BbIGOD
NPUBECTH HE MOXET M, IJIaBHOE, MO3BOJUT KOMMAKTHO
3anucatb (GopMyJIbI AN OJHON YacTHUIBI, HAIOMHUHAS, YTO
9TH (GOpPMYJBl 3alHCaHBl B CHCTEME CIUHHIl, B KOTOPOU
¢ = 1. C apyroit cTopoHBI, kaKk OyAeT BUJHO W3 JaJIbHEN-
mero, OykBy E ymoOHO HCIOJIL30BaTh AJIs 00O3HAYCHUS
SHEPI'UU ABYX MJIM OOJIBILIETO YUCIIa YACTHII.

S Buzmen ¢popmyity DUHIITEHHA C MaJIbIM ¢ Ha PeKJIaM-
HOM 1uTe Ha Py6néske. He monmmaro, moueMy uMeHHO (u-
3UKaM 9TO PEXET riaasa’

O pazamuuu MeKay JHeprueii m 4acroroil. Tojbko 4TO
HacTauBaj Ha ToM, uTo e = E/c?, Tak xe kak u E, apnsiercs
9HEeprueil, HeCMOTPsI Ha TO, YTO UMEET PA3MEPHOCTb MACCHI.
Ho Ttorjga ectecTBEHHO CHPOCUTH: a mouyeMy w = E/fi
SIBJISIETCS HE DHEpTHeH, a yactoTtoi? Beaws kBaHT AeicTBus /i,
0100HO CKOPOCTH CBETA ¢, SBJISIETCS MUPOBOIM KOHCTAHTOM.
OTBeT Ha 3TOT BOMPOC MOXKHO HAWTH, €CIIU PACCMOTPETD,
KakK U3MepsItoT e U . Bennuunbl E U e U3MEPSIIOT OJIMHAKO-
BBEIM 00pa3oM, CKa)keM C IIOMOIIBIO KAJIOpIMETpa. A 4acTo-
TY U3MEPSIFOT IPUHIUIHAIBHO IPYTUM CLIOCOOOM, HATTPUMED
¢ moMoteio 4acoB. [ToaToMy paBeHCTBO @ = E/fi TOBOPUT
HaM O CBSI3M MEXIY pe3yJbTaTaMU JIBYX PAa3JIMYHbIX TUIOB
U3MEPEHUU, B TO BpeMs KaK PaBEHCTBO € = E/c2 TaKou
nHbopManuu He colepkuT. CooOpakeHns, aHAJIOTHYHBIE
BBICKa3aHHBIM OTHOCUTEJILHO YaCTOTHI, CIIPABEJIUBBI U JJI5
JUIAHBL BOJIHBL. ClielyeT MOaYepKHYTb, OJHAKO, YTO 3TH
METPOJIOTUYECKUE PA3IMUYMS UMEIOT B OCHOBHOM HCTOPUYEC-
KMH XapakTep, MOCKOJIbKY COBPEMEHHbIE aTOMHBIE YacChl
OCHOBAHbBI HA PA3HULIE JHEPTUN ATOMHBIX YPOBHEM.

4. Oaua yacTuna

OrtHocuTe/ibHbIE N a0COJIIOTHBIE Besm4uHbl. KuHETHYECKas
9HEprusi JJI0OOro Teja — BEJMYMHA OTHOCHTEIbHAS: OHA
3aBUCHT OT TOTO, B KAKOW CHCTEME OTCYETa €¢ M3MEPSIOT.
To xe OTHOCHTCSI U K UIMIYJILCY TeJa, U K ero CKopoctu. B
OTJIMYME OT HUX Macca Tejla — BeJIMYMHA a0COJFOTHAS: OHA
XapakTepHu3yeT TeJo caMo mo cebe, OE30THOCHTEIBHO K
HaOronaTes 0. AOGCOTIOTHOM BEJIMYMHON SIBJISIETCS U 3HEP-
TUsl MOKOSl Teja (CM. HMXKE), MOCKOJbKY B HEW cucTeMa
oTcueTa pas 1 HaBcera pukcuposana, "npussszana' k Tey.

MuBapnanthHasi Macca. B Teopun OTHOCHTENBHOCTH Macca
TeJa (YACTHULBI) OTIPEJIEIISETCS COOTHOIIICHUEM

m? =e? —p?. (1)

3nech 1 HEXe p = |p|. AHAJIOTHYHO HIXKE v = |V|.

3aMeTbTe, YTO JHEPIHsl M MUMILYJIbC TAHHOTO Teja He
OrpaHMYCHBbI CBEpPXY, a ero macca ¢ukcupoBana. Popmyia
(1) siByIsIeTCSI MPOCTEHUIIINM COOTHOIIIEHUEM MEX/T1y SJHEPTHeH,
HMIYJIBCOM M MACCOH, KOTOPOE MOXHO HamucaTh 'u3
roJioBer". (COOTHOIIIEHHE MEXIY ¢, P U 171 HE MOXET ObITh
JIMHEHHBIM, TIOCKOJIbKY P — BEKTOp, & € U M — CKaJsIpbl B
TpexMepHOM mpocTpaHcTBe.) Celiyac MbI YBHIUM, YTO Y
dbopmyel (1) umeetcs u apyroe, ropazao OoJiee rirybokoe
TEOpeTUIeCKOe OOOCHOBAHUE.

4-nvmyabe. Kak Bnepsble ykazan Munkosckuil [4], Teopust
OTHOCHUTEJIBHOCTH NpPUOOpEeTaeT HamboJjiee MPOCTOU BUJI,
€CJIN ee pPacCMaTpUBATBH B YE€THIPEXMEPHOM HPOCTPAHCTBE-
BpeMeHH. B Teopuu OTHOCHTENBLHOCTH HEPIHUS U UMITYJIbC
TeJia 00pa3yroT 4-MepHBId BEKTOpP JHEPTUU-UMIYJIbCA p;
(i=0,a),tnepy=e,p,=p,a=1,2,3.
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Macca sBIIsSieTCS JIOPCHIEBBIM CKaJIIPOM, XapaKTepH-
3YIOIWM JUTHHY 4-BeKTopa p;: m? = pi> = e’ — p*. 4-MepHOe
MPOCTPAHCTBO TICEBOEBKIINIOBO; OTCIOa — 3HAK MUHYC B
dopmyie ns kagpara amuebl (Hamomumm, uto p? = p2.)
Hpyro#t crmoco0 NOSCHUTH 3HAK MUHYC — 3TO BBECTH
MHHUMBIH ummyibc ip. Torma m? = e? + (ip)2 U MBI UMEEM
neso ¢ teopemont Iudaropa a5 Takoro mnceBaoeBKINIOBA
MPSIMOYTOJIBHOTO TPEYroJIbHUKA, B KOTOPOM THUIIOTEHY3a M
KOpoUe OOJIBIIEro KaTera e.

Cs3b UMIyJIbca H cKopocTH. MIMIysibe Tejia CBsI3aH C €ro
CKOPOCTBIO V (hOopMYyJI0#

p=ev. (2)

OTta Qopmyna caMbIM IPOCTBIM 00Pa30M YIOBIETBOPSET
TOMY, 4TO 3-BeKTOP MUMIIYJIbCa JOJIKEH ObITh MPOTIOPIHOHA-
JIeH 3-BEeKTOPY CKOPOCTH, a Pa3MEPHBIA KOIpPUIMEHT Tpo-
NOPLUUOHATIBPHOCTH HE JOJDKEH O0paljathCsi B HYJIb IS
6e3maccoBoro (OTOHA.

B Teopum OTHOCHTENTHLHOCTH COXpaHEHHE TaK OIpere-
JICHHOTO HWMIIyJIbca SIBJISIETCS CIEACTBHEM OIHOPOTHOCTH
3-IpOCTPaHCTBAa, a COXPAaHEHHWE YHEPIHM — CJICACTBHEM
OTHOPOJIHOCTH BpemeHHu (TeopeMma Hérep).

Teopema ITudaropa. ®opmyna (1) nmpeacrasieHa Ha puc. |
OOBIYHBIM €BKJIMIOBBIM IPSIMOYTOJIbHBIM TPEYT OJIbHUKOM, B
KOTOPOM /1 i p — KaTeThl, & ¢ — TUIMOTEHY3a.

Puc. 1.

IMTepexonx or m#0 k m=0. ®opmyna (1) oueBUIHBIM
obOpa3zom cnpaBemmBa u npu m=0. A ¢opmymna (2)
crnpaBeqiuBa u npu v = 1. OTcroma cieayer, 4YTO CYIIECT-
ByeT IJIaBHBIA TIepexoa K 0e3MacCOBBIM YACTHIIAM OT
MAaCCUBHBIX, KOTIa SHEPTHUs MOCIIETHAX HAMHOTO MPEBOCXO-
JIUT UX Maccy.

®u3uka ot p = 0 10 p = e. Paccmotpum popmyist (1) u (2)
CHayajla TpH UMITYJIbCe, PABHOM HYIIIO, 3aTe€M B MpeJelie
OYeHb MAaJIbIX UMITYJILCOB, KOT/Ia p < m, Aajiee B MpeJelie
OYCHB OOJIBIIHX UMITYJILCOB, KOTJIA p ~ € > m, U, HAKOHEIl, B
ciryyae 6e3MaccoOBBIX (POTOHOB.

Bynem Ha3pIBaTh cityuail MaJibIX UMITYJIbCOB M CKOPOCTEHN
HBIOTOHOBCKUM, a CJIy4ail O4YeHb OOJBIIMX HMIYJIBCOB U
CKOpOCTeH, OJIM3KUX K CKOPOCTH CBETA, — YJIbTPAPEIISTH-
BucTCcKIM. Ho HauHeM ¢ MMITyJIbCa, paBHOTO HYJTIO.

5. Dueprus nokost

Nmnyasce, paBubiii Hy 0. Eciin uMnynsc paBeH HyJFO, TO B
cilyyae MacCUBHOM YaCTHUIIbI CKOPOCTb TOXE paBHA HYJIIO, a

JHEpPrusl e MO OMNPEACJICHUIO paBHA SHEPTHHU ITOKOS €.
(Mupexc 0 HAMOMMHAET, YTO 3[I€Ch MBI MMeEEM JeJI0 He
BOOOIIIE C 3HEPTHUEHl TaHHOTO TeJia, & UMEHHO C €0 3HepTuei
B TOM CJIyyae, KOTJa €ro UMITYJIbC paBeH Hyiro!) B satom
ciryuae u3 ypaBHenwusi (1) ciaenyer:

ey =m. (3)

Ecan xe wactuna 6e3maccoBas, To npu p = 0 U3 ypaBHe-
Hus (1) cienyer, uto e = ¢y = 0.

Topusonranbhsiii "aByyroasuuk". Takum o6Gpasom, mpu
p = 0 TpeyroJibHUK, NpeACTaBIeHHBIH Ha puc. 1, "cxionbl-
BaeTca" B ropu3oHTalbHBIA "nByyronbauk" (puc. 2).

€0

m

Puc. 2.

Bemmkoe oTkpbiTHe JiinmTeiiHa. B enuHMIax, B KOTOPBIX
¢ # 1, ypaBHeHnue (3) umeet BUL

Ey = mc?. (4)

Oco3HaHHE TOTO, YTO OOBIYHOE IMOKOSIIEECS BEIIECTBO
00J1a1aeT KOJIOCCAIbHBIM 3a11aCOM 3HEPTUU, XPAHSIIIAMCS B
ero macce, ObLJIO BEJIMKMM OTKPBITUEM DWHIIITEHHA.

"3uamennras dopmyna". OueHb yacTo (OCOGEHHO B HAYYHO-
MOMYJISIPHO JIUTEpATYpe) ypaBHEHHE (4) 3aNIMCHIBAIOT B BUJIE
"3HaMEHUTOro ypaBHeHus DHIITeNRHA", omyckas unekc 0:

E=mc?. (5)

Takoe, Ha TepBBIN B3TJISI] HEBUHHOE, YIIPOIIEHUE, K KOTO-
pOMYy, K COXaJICHWIO, MHOTIa MpUOerajl m caM DUHINTEWH,
MPUBOJUT K HEJOMYCTUMON MyTaHWIE B MOHUMAHUHA OCHOB
¢uszuku. B uyacTHOCTH, OHO TPUBOAUT K aOCOIIOTHO
JIOKHOMY TIPEJICTABJICHUIO O TOM, YTO COTJIACHO TEOPUHU
OTHOCHTEJILHOCTH Macca TeJla 3KBHBAJIEHTHA €ro IOJIHOM
SHEPTUH U MMOTOMY O00SI3aTEJIbHO 3aBUCUT OT €r0 CKOPOCTH.
("XoTenu kak mompolle, a BLIIUIO Kak Beeraa'.)

Hukakum onbitom '"3Hamenntyio ¢opmy.ay” onpoBepruyTh
Hesb3s. OUeHb YMHBIE JIFOAU CHENUALHO NPUAyMAld ee
TakuM 00pa3om, 4ToObI OHA HE MPOTUBOpEUUIa onbiTy. Ho
OHA NPOTHBOPEUYUT CYTH TEOPUM OTHOCHTEIBLHOCTH. B aTOM
OTHOILEHUM CHUTyalus co "3HameHUTOH (popmysoi" yHu-
KaJbHA: sI HE 3HAIO, C YEM €Ile TAKYIO CUTYAIUI0 MOXHO
CPABHHUTD.

Bomnpoc He Bkyca, a monumManus. YacTo MOXHO YCIIBIIATS,
YTO BBEIEHUE MOHATHUS MACChHI, 3ABUCSILENR OT CKOPOCTH, —
10 "Bompoc Bkyca". Pasymeercs, E/c? MOXHO 0603HAYUTD
OyKBOW m M Jaxke Ha3BaThb MACCOW, XOTs 3TO He OoJiee
pa3ymHo, 4eM 0603Ha4uTh E/c OYKBOIL p 1 HA3BATH UMITYJIb-
com. Ho 310 "nepeoneBanne" npuBoANT K BBEIEHUIO U3/IMILI-
HUX U HEJIETBIX TIOHSTUI — PEJIITUBUCTCKON MACCHI K MACCHI
HOKOSI My — U 3aTPYTHSET HOHUMAaHUE TEOPUU OTHOCUTENb-
HOCTH. BcmomuHaeTcst M3BECTHAs PyCcCKas IMOrOBOPKA:
"Ha30BM XOTh TOPILKOM, TOJBLKO B He4b He crasb". Ho
oy, HasbiBaromnue E/c? Maccolt, ctasst 1ot "ropiok" B
"meun" mpenoaBaHust PUINKHU.
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IIpoxoasnas u nonepeunast Macebl. B Hauane XX B. Hapsny ¢
PEAATUBUCTCKOM MACCO IIMPOKO 0OCYKTAUCH MOTIEPEUHAST
7 IPOJIOJIbHAS MacChl: My U M. [1ocequsist Bo3pacTralia Kak
(e3/m3)m u "o6bacHana" ¢ MOMOIIbIO HLIOTOHOBCKO
¢dbopmybl F = ma, oYeMy MacCHBHOE TeJIO HEJb3sl pa3o-
THATh JI0 cKopoctu cBeta. [ToToM o Hell 3a0bLIM, U TaKue
MOMYJISIPU3aTOPBl TEOPUM OTHOCUTEIHLHOCTH, KaK XOKHHT,
CTaJIM BHYIIIATH CBOUM YUTATEJISIM, YTO JIaXke ropasio Oosee
MeJIJICHHOE BO3PACTAaHHE MAcChl CO CKOPOCTbO ((e/m)m)
SIKOOBI CIIOCOOHO OOBSICHUTD, TOYEMY CKOPOCTb MACCHBHOT O
TeJia He MOXeT JOCTHYb ¢. S BeIaemm XOKHHra, IMOCKOJIBKY
Ha cynepoOII0KKe PYCCKOTO M3aHUSI €0 MTOCIeTHEe HayyHO-
MOMYJISPHOW KHMUTH [5], mpomnaranaupyroueid Gpopmyity
E = mc?, nammcano: "Ee nepesesn na 40 s351xK08. ITo Bcemy
MUY PACIPOIAHO MOYTH 10 MITUTHOHOB 3K3eMILISIPOB".

Jlo:xknas untyunus. ITocime moero gokinama B UTOOD
A.H. CxpuHCKHii paccka3ajl MHE O TOM, KaK IpeICTaBJICHHUE
0 PEeNSITUBHCTCKON Macce MEMajo €ro coOeceqHUKY —
U3BECTHOMY (DM3UKY — TOHSATH, YTO PEISTUBUCTCKUN IJIEKT-
POH IPH CTOJIKHOBEHUU C MTOKOSILIUMCS 3JIEKTPOHOM MOXKET
nepeaaTh MOCIeTHEMY BCIO CBOIO aHepruro. Hy kak mMoxeT
TsDKeJlasi OMTa OTHATh BCIO CBOIO JHEPTHUIO Jerdaiiemy
MUAHT-TTIOHTOBCKOMY 11apuky? B ¢usmke, kak u B OOBIICHHON
JKU3HU, MBI OY€Hb 4aCTO OMIHpaeMcsl Ha MHTyunuto. [ToaTomy
TaK BaXXHO HPH U3YyUEHUH TEOPHUU OTHOCHTEIHLHOCTH BBIpa-
OaThIBAThH A/IEKBATHYIO PEJISITUBHCTCKYIO MHTYWIIMIO U HE
JIOBEPSITh HEPENSITUBUCTCKOM MHTYyuuu. (st Toro 4Toosn!
OIYTHUTh, KaK MOKOSIIUICS 3JIEKTPOH MOXKET HOJIyYUTh BCIO
SHEPIHIO IBIXKYIIErOCs 3JIEKTPOHA, JOCTATOYHO MEPEUTH B
CHCTEMY WX IIEHTPa MHEPIIMU U PACCMOTPETH B HEll paccesiHie
Ha 180 rpamgycos.)

6. Mexannka Hprotona

Nmnyasc B Mexannke HoloTona. HbIoTOHOBCKAst MeXaHUKA C
BBICOKOM TOYHOCTBIO OIUCHIBAET JBUKEHUE MAKPOCKOHYEC-
KHX TeJl B 3eMHBIX YCJIOBHSIX U MACCHUBHBIX HEOECHBIX Tell,
MIOCKOJIBKY UX CKOPOCTH I'Opa3fo MEHbLIE CKOPOCTH CBETa.
Tak, CKOpPOCTb IMyJIH TOPSAKAa 1| KM €™, 4TO COOTBETCTBYET
v = 1/300000, a v> = 10~'". B aTux ycnosusx ypasuenue (2)
CBOJUTCA K

p=myv. (6)

Vpasuenue (1) B HbROTOHOBCKOM TIpeJieSie B CXeMAaTHYECKOM
BH/JIe M300pakeHo Ha puc. 3.

OTpe3ok, n3obpaxaromuid p, Ha puc. 3 HEMPOMOPIUO-
HaJIbHO BesuK. [1pu cobroieHnu Macirada oH JOJDKEH ObLIT
OBl U3MEPSTHCS MUKPOHAMH.

Kunernueckas sneprusi ex. [1pr MasibIX CKOPOCTSIX pa3yMHO
nepenucath Gopmyiy (1) Tak, 4TOOBI BKJIA MAJIOTO KaTeTa
GBI U30JIMPOBAH:

e —m?=p?, (7)

m

Puc. 3.

U IpEeACTAaBUTDh €€ B BUAC

(e —m)(e+m)=p>. (8)

DTO TMO3BOJISET MOJYYUTh HEPESITUBHCTCKOE BBIPAXKCHUE
JUIS. KHHETUYEeCKOW 3HEepTHH, He npuderas K OOBIYHOMY
pPAa3JIOKEHUIO B DS KBAAPATHOTO KOPHS. YUYTEM, 4YTO
MOJIHASl DHEPTHSI ¢ paBHA CyMMeE JHEPTHHU IOKOS ¢y U
KHHETHYECKOH S9HEPTUH ey, U, CIIEIOBATENILHO, € = M + ex.

Oueprust B Mexanuke HbloToHa. B HbIOTOHOBCKOM mpefesie
ex <m. (Insa mynu, Hanpumep, ex/m = 107'1)) TTosTomy
9HEPTUIO € C BBICOKON TOYHOCTBIO MOYKHO 3aMEHUTh Maccoi
m B BbIpaXeHUH (2) Ui HMILYJIbCA M B COMHOXHTEJE (e + 1)
B ypaBHenud (8). VI3 mocneaHero cpasy xe cieayeT BbhIpaxe-
HUE JIJIsI KHHETUYECKOH SHepruu ex B MexaHuke HproToHa:

P mw?

ek = m = 3 . (9)
IMoTennmmanbuas Heprusi. Hapsiny ¢ KuHETHYECKO SHEprUei,
3aBHCAIIECH OT CKOPOCTH, B HEPEJSITHBHCTCKON MEXaHUKe
BaXXHYIO POJIb UTPAET NMOTEHUUAJIbHAS SHEPTUsl, 3aBUCSILAS
TOJIBKO OT TMOJIOKEHUsl (KOOpAMHATHI) Tesia. B cranmonap-
HBIX MpOIEcCaX CyMMa KHHETHMYECKOW M MOTEHIUAJbHON
SHepruii coxpausiercs. [loTeHIMaNIbHAs 9HEPTUS Tella, HAXO-
JISIIETrOCsl BO BHEIITHEM CHJIOBOM ITOJIC, OMpeIesieHa ¢ TOY-
HOCTBIO JI0 MPOU3BOJIBHON aIUTHUBHON TOCTOSIHHOW, MO-
CKOJIbKY ChJIa, NeHCTBYIOILAsl HAa TEJIO, paBHA T'PAJUEHTY
MOTEHIMAJIbHONW 3HEPTUU. AHAJOTMYHBIM 00pa3zoM mpu
B3aMMOJICUCTBUHN HECKOJBKHX TeJl MOTEHIMAIbHAS SHEPTHS
X B3aUMOJCUCTBUSI 3aBHCUT TOJILKO OT WX IOJIOXKEHHUS B
MOMEHT B3aMMOJIeHCTBUS. B Teopuu ke OTHOCHTEIHLHOCTH
Jmr000e B3aMMOJICHCTBUE PACIPOCTPAHSACTCS C KOHEYHOW
cKopocThio. IT03TOMY MOTEHUUANIbHASI SHEPTHUSl SIBISETCS
Ccyryoo HepeJSITUBUCTCKUM TTOHSITHEM.

Hroioton u coBpemennas ¢pu3nka. Bembika reaust HproTona
O3HAaMEHOBaJIa pOXKIEHUE COBPEMEHHOM HayKH. JlocTHkeHus
Hayku co BpeMeH HbroToHa ¢aHTacTnuHbl. COBpEMEHHbBIC
B3IJISIIBI HA CTPOEHUE MATEPHUH PAIUKAIHHO OTINYAIOTCS OT
B3rasaa0B HeroTtona. Tem He Mmenee maxke B XXI B. MHOTHE
yUeOHUKH 110 (PU3UKE MPOJOJDKAKOT UCIOJIb30BaTh ypaBHE-
Husi HproToHA TIpW SHEPTUSX ¢y > ¢y, HA MHOTO TOPSIAKOB
MPEBOCXOASIINX MpPeAeibl NPUMEHUMOCTU MEXAHUKHU
HproTona: ¢ < ey.

Ecau HekoTophle mpodeccopa MPEeANOYUTAIOT HACTAU-
BaTh HA NMPOJOJIKEHUU 3TOU TPAJULUHU C €€ MACCOU, 3aBUCS-
meld OT CKOPOCTH, TO OHU JOJDKHBI, MO KpalHed Mepe,
MO3HAKOMHUTL CBOUX CTYICHTOB M C (pyHIaMEHTaJIbHBIMU
MOHSITUSIMA MHBAPUAHTHOM Macchl M SHEPTrUU TOKOS, U C

UCTUHHLIM ypaBHEHHeM DitHinTeitna Ey = mc?.

7. YabTpapeasiTHBU3M

®u3nka BBICOKHX 3Hepruii. PaccMoTpuM Tenepb moapoOHO
npeesbHbIA ciydail, B KoTopoM e/m > 1. IMeHHO Takoe
COOTHOIIIEHHE MEX/Ty IJHEpTUed U MacCOU OCYIIECTBIISIETCS B
¢uznke BBICOKMX 3Hepruit. Hampumep, mis 371€KTPOHOB B
komnaiinepe LEP (Large Electron-Positron Collider) B
LIEPHe ¢/m = 10°, nockonbky m = 0,5 MaB, a e = 50 I'3B.
W nns nporonoB B bousbiiom aaponnoMm kosuaiaepe LHC
(Large Hadron Collider), KOTOpBIil pacnoyiokeH B TOM ke
TOHHeJle, rjie panbine paboran LEP, e/m ~ 10*. (3aech
m ~ 938 MaB, e ~ 7 T2B.)
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Beprukaibnplii Tpeyroisuuk. TpeyroiabHUK Aj1s1 MPOTOHA B
LHC Bechbma cxematuvecku uzobpaxen Ha puc. 4. Ero
OCHOBAHHE Ha YeThIpe MOPSIKa MEHBIIIE €0 THITOTEHY3bI.

e

m

Puc. 4.

Heiitpuno. Eie 6osee yabTpapesSTHBUCTCKUMH YaCTUIIAMU
SIBJISIFOTCS. HEUTPUHO: MX MACCHI COCTABIISIIOT JOJH 3JIeKT-
POHBOJIBTA, @ SHEPTUU — HECKOJIbKO METAdJIEKTPOHBOJIBT Y
HeiTpuHO, JeTsaumx oT CoJHIIA U SIEPHBIX PEaKTOpPOB, U
HECKOJIbKO TUTAa3JIeKTPOHBOJIbT y HEUTPUHO OT pacnajoB
4aCTHUI], POXKAAIOLINXCS] B KOCMUYECKUX JIydaX U Ha YCKOPU-
Tessix. [Ipu Takux BBHICOKMX SHEPTHSIX HEUTPUHO OCHOBAHUE
TPEYTOJIbHIKA, CXeMAaTHYECKH H300paKeHHOTO Ha puc. 4, Ha
MHOTO TOPSIIKOB MEHBIIIE U €r0 BepTHKAJbHOIO KaTeTa, U
€ro TUIIOTEHY3HbI.

Ocuuuisiunn HeiiTpuno u 1 /2e. Y3 ypasaenus (e—p)(e+p) =
= m? cpa3sy xe ClelyeT, 4To e — p ~ m?/2e. Pazauuue Macc
Tpex HEHTPHHO Vi, Vi, V3, OOJIAMAIOIINX ONpPeIeIeHHBIMI
MaccaMH B BaKyyMe, MPHUBOAUT K OCHHJUIAIHAM MEXIY
HEHTPUHO, HE UMEIOLIMMH OINPEICICHHBIX Macc, HO 00uia-
JAIOIIMMH ONpeJe/IeHHbIME (el BopaMu: Ve, Vg, Vi. (IT0
SIBJIEHHE aHAJIOTUYHO IUPOKO U3BECTHBIM GHEHUSIM, BO3HH-
KAFOLIMM ITPU UHTEPPEPEHIIMN HECKOJILKUX YaCTOT.) JlaHHbIE
10 OCHMJLIISIUSIM HEHTPUHO JAFOT:

Am}, = (0,8 +0,04) x 1074 5B?,
Ami, = (25+6) x 107* 5B*.

®orton. Macca (HOTOHA HACTOJILKO MaJia, YTO HA B KaKUX
9KCHEpPUMEHTaX ee OOHApyXuTh He ynajoch. [losaTomy
OOBITHO MOJIATAIOT, YTO Macca (POTOHA paBHA HYJIFO. A 3TO
O3HA4aeT, YTo ik (OTOHA e = p M TPEYroJIbHUK, n300pa-
JKEHHBIN Ha puc. 4, CXJIONBIBAETCS B BEPTUKAJbHBIA ABY-
YTOJIBHUK (pHC. 5).

@D0TOH M FHEPrHsi NOKOs? Y MECTHO 3aKIIFOUUTh PACCMOTPEHHE
OJIHOYACTUYHON MEXaHUKH, BEPHYBIIUCH K BOIPOCY: HPUMeE-
HUMO JIM TOHSTHE JHEPTUU MOKOS ¢y K 0e3MaccOBOMY
(dhortony?

Ha mepBbiil B3rJISIT KaXeTCsl, YTO HENPUMEHUMO, MO-
CKOJIbKY CHCTEMBI TI0KOsI Y (pOTOHA HET: mpH JIFOGOU CKOJIb
YLOJHO MAaJIOf JHEPIMU OH JBUKETCS CO CKOPOCTBIO ¢ U
"[oxoit eMy TOJIbKO cHUTCS". A KaK MOXHO TOBOPHUTDH TOTa
0 paBeHcTBe ¢y = 0, ecyii HeT 3Hepruu nokosi? Ho e¢g — ato
SHEPIUsl, OTBEYAIOIIAsI HYJIEBOMY HMMIYJIbCy. OUYeBHIHBIM
06pa3oM oHa it (OTOHA paBHA HYJIO, KaK CIENyeT W3
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Puc. 5.

ypaBuenus (1). A mpo wactuny c m = 0, p = 0, e = 0 MOXHO
CKa3aTh, YTO OHA MPAKTUYECKH HE CYINECTBYET, 4TO OHA
HaxomuTCst B cocTosiHuu "Beunoro mokos'". PaccMarpusas
MpeaeIbHbI TepexoJl K Macce, paBHOW HYJIIO, MOXKHO
y6GeqUTHCS B TOM, YTO CHCTEMA OTCYETA, B KOTOPOU JIAHHBIN
¢doron "Beuno nmokoutes", 10JKHA OBITH XKECTKO CKPEILJIEHA C
npyrum "Beuno nmokostitmmes" Gotorom. TToaTomy BroJtHe
COTJIACYETCS C MPEIEIbHBIM IEPEXOI0M 3HAUeHHE ¢y = 0 mpH
m = 0.

8. /IBe cBOOO HBIE YACTHIBI

CrosikHoBenne nByX 4actuin. Kosuaiizepol. B ciyuae cTosik-
HOBEHHUS ABYX YACTHIl IPU PEJISTUBUCTCKUX YHEPTUSX CPaB-
HEHUE CHCTEMBbI NTOKOSI OJHON M3 HUX C CUCTEMOM TOKOS MX
001IIero meHTpa WHEePIUH IEMOHCTPHPYET MPEHMYIIECTBA
rocyienHeil. Mbl yke BHIIEJIM 3TO Ha IpUMEpPe 3aMevyaHUs
A.H. Cxpunckoro. Eciu uMnynbchl CTaJIKMBAFOIIMXCS
YACTULl PABHBI M MPOTHBOMOJIOKHBI, KaK, HAIPUMEDP, B
kosutaiinepax LHC nmu LEP, To mpakTU4ecku BCsl SHEPT st
CTAJIKUBAIOIIUXCS YACTHI] MOXKET UJITH HA POKICHUE HOBBIX
YacTHII.

Macca cuctembl yacTun. s U30JUPOBAHHON CUCTEMBI
YAaCTHUI UX NOJHasg 3Hepruss E U moJjiHbll umnyisc P
coxpaHstoTcs. Tak Kak 3HEPIUsi U UMITYJIbC aJJUTUBHBI, TO
JUTS IBYX CBOOOTHBIX YaCTHI]

E=e +e,

(10)

P=p +p>. (11)

Onpenenum Benmunny M popmyJioit

M?=E?-P*. (12)
Maccbl aymutuBsbl npu v = 0. YVpasuenue (12) ”HBApUaAaHTHO
OTHOCHUTEJIBHO JIOPEHIIEBBIX NMPeOOpa30BaHUM, KaK M ypaB-
nenue (1). ITosTomy BenuumHy M ecTeCTBEHHO Ha3BaTh
Maccoil CHCTEeMBI JIBYX 4acTHLl. B cratuueckom mpeneine,
KOTrJIa p| ¥ p; PABHBI HYJItO, U3 ypaBHeHus (12) crieqyeT, 4To

M =-ey +ep=m +my. (13)

2
B HBIOTOHOBCKOM Tpejese M paBHO C TOYHOCTBIO (v/c)
CyMMe MAacc JIByX YAaCTHIl, T.€. MAaCChl MPAKTHYECCKH AJTH-
THBHBIL.

Maccnl He aaauTuBHbI npu v # 0. OgHAKO TpH OOJBIIUX
CKOPOCTSIX CBSI3b MeX1y M W MaccaMH M, Hy OTCYTCTBYET.
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Hanpumep, M Ha 4veThIpe HMOpPSAKA MPEBBILIAET Maccy
2JIeKTpOHOB B Koyutaiinepe LEP mnm mpoToHOB B KOJLTaid-
nepe LHC (cMm. pasgen 3). Benmuuna M xapIuHaJIbHBIM
00pa3oM 3aBHCUT OT OTHOCUTEJIbHOTO HAIPABJICHUS UM-
MyJIbCOB JIBYX YaCTHUI], MOCKOJbKY CyMMa JBYX BEKTOPOB
3aBUCUT OT yrja Mexay HUMH. Tak, I IBYX (OTOHOB,
JIETSIIMX B OJTHOM HAIPaBJICHUH,

P=IPl=[p +pl=p1+p2. (14)
Koanmmneapusie ¢otonnl. {11 poToHOB p; = e, apr =er. U
NOTOMY ISl Mapbl (POTOHOB, JIETSIIMX B OJHOM HampasJie-
HUH,

P=pi+pr=e +e=FE. (15)

A Ttorpma w3 ypaHenus (12) ciemyer, 4TO B 3TOM cCiydae
Macca napbl GpotoHoB M = (0. A 3TO 0O3HaYaeT, YTO Macca
"uroapHOro" myvka cBeTa paBHA HYJIIO.

A eciiu poTonbl paziaerarorea? OgHaKo e (POTOHBI JIETAT B
MPOTUBOIIOJIOKHBIE CTOPOHBI C OJMHAKOBHIMH JHEPTUSIMH,
TO p; = —p;, a P=0. B 3TOM ciyuae 3Heprus moxkos
CHCTEMBI IBYX (POTOHOB MPOCTO PABHA CYMME UX 3HEPTHiA, a
Macca TaKOU CUCTEMBI

M = E() =2e. (16)
Hlok. Paszymeercsi, yTBepxJAeHHE O TOM, YTO Mapa ABYX
6e3MAacCOBBIX YaCTHI[ UMEET OIPOMHYIO MACCY, MOXKET
BBI3BAThH IIOK y HEMOJArOTOBJIEHHOTO 4vuTaTesst. Kakoii
CMBICJT IMEET TIOHSTHE SHEPTHS OKOS sl IBYX (DOTOHOB,
KaXI0My U3 KOTOPBIX "MOKOM b TOJbKO cHuTcs"? UTo
MMOKOUTCS B 3TOM cirydae?

OrtBet oueBnaen. [TokouTcs NEHTP UHEPIHUU IBYX (GOTOHOB.
Ho ecnu 11 01HOM MOKOSIILIEHCS YaCTHIIBI SHEPTUS IIOKOST —
9TO DHEPTUsl, CKPBITAsl B €e Macce, TO JJIsl IBYX (POTOHOB —
9TO MPOCTO CyMMa HX HEpruil (KHHETH4YEeCKHux!) B cUCTEME
OTCYETa, B KOTOPOH MX MMILYJIbChI PAaBHBI 11O BEJIMYUHE U
MIPOTHUBOIOJIOKHBI MO HampasieHHto. CKPBITON SHEPruH B
9TOM ciIyvae HeT!

Yro 3naunT cJ0Bo "coxpansercs’? Korma Mbl rOBOpUM, 4TO
SHEPrHUs COXPAHAECTCS, MBI IMEEM B BHILY, YTO CYMMa SHEPT Uil
YaCTHI, BCTYNAIONIMX B PEAKIMIO, pABHA CYMMeE 3HEPIHil
YaCTHILI, BO3HUKIIMX B PE3YJILTATE PEAKIMU. AHAJIOTMIHbIN
CMBICJI UMEET YTBEPXKICHUE O COXpAaHEHMH MMIyJbca. Ho
[OCKOJILKY UMITYJIbC — BEKTOPHAS BEJIMYHUHA, TO TENEPD PEYb
UZET O BEKTOPHOM cyMMe UMIYJILCOB. (B ciiyuae uMIryiLcoB
peYb UAET O TPEX HE3aBUCHUMBIX 3aKOHAX COXPaHCHUS:
COXPAHSAIOTCS CYMMBI HPOCKIHMH HMMIYJIbLCOB Ha TpH
B3aMMHO OPTOIOHAJILHBIX HAIIPABJICHHUS. )

Wrax, coxpaHsroTcs BeqmuuHbl E =Y ¢; u P =3 p,.
YT0 KacaeTcs SHEPTUil OTAEIBHBIX YACTHIL ¢;, TO OHU COXPa-
HSIFOTCSI TOJILKO TIPU YIIPYTOM PACCESTHUM U HE COXPAHSIOTCS
OpU HEYNPYTUX B3auMomedcTBusix. OMHAKO HMITYJILCHI P,
COXPaHSIOTCS TOJBKO IIPH YIPYIOM PACCESIHUM BIIEPE.

31eCh BaXHO MOTYEPKHYTH PA3/IM4KE NOHATUHN aaquTHB-
HOCTH ¥ coxpaHeHus. [lepBoe HOHATHE OTHOCUTCS K Xapak-
TEPUCTHUKE CUCTEMBI CBOOOIHBIX YACTHIIL IO U TIOCJIE B3ANMO-
JIERCTBUS, BTOPOE — K TPOLECCY B3AUMOIEHCTBHYS.

Coxpansiercst im macca? [Tockonbky E u P coxpaHsitoTcs, TO
JIOJKHA COXPAHSThCA M Macca M CHUCTeMBI (COBOKYITHOCTH)

yactu, onpenensemMas dopmynoir M? = E? — P2 Ho B
OTJIMYME OT JHEPIMU W MMITYJbCAa Macca HE aJJUTHUBHA:
M # > m;. HekoTopble aBTOPHI TOBOPSIT O HEaUTHBHO-
CTH Macchl Kak o ee HecoxpaHeHuu. (Takxoe yTBepxkiaeHHe
conepxurcs, Hanpumep, B § 9 Teopuu noasa Jlanmay u
JIudumna [6].) Ho, kak moa4epKHYTO BBILIE, I OTIAC/b-
HBIX YACTHIl, YIACTBYIOLINX B PEAKIMU, HE COXPAHSIFOTCS,
BOOOIIe TOBOPs, HE TOJHKO WX MACChl, HO M JHEPTUH, U
HAMITYJIbCHI, 14 U OHH caMH. [109TOMY TOBOPHTBH O HECOXpaHe-
HUH MacChl, TPOTUBOIMOCTABJISAS 3TO COXPAHEHUIO JHEPTUH U
HAMITYJIbCA, HEMPABIIIBHO.

Meiciaennblii oneIT Jiinmreiina. KoneyHo, MOHSTHE MacChl
CHUCTEMBI JIBYX pa3JjieTaroluxcsi (OTOHOB BeCbMa HEMpPH-
BbIYHO. Ho mMeHHO ¢ ero momomibo DiHmTerd B 1905 r.
OTKPBLI SHEPTHIO MOKOST MaCCUBHOTO Testa. OH 3aMETHII, YTO
u3nyuuB "1aBa kosmyecTBa cBeTa' B IPOTHBOIOJIOXKHBIE
CTOPOHBI, MOKOSAIIEECS TEJIO OCTAETCS B MOKOE, HO €ro
Macca B 3TOM MBICIIEHHOM JKCIIEPUMEHTE yMeHbIaeTcs. B
3TOM OIIBITE KaK TEJIO, TAK U NEHTP UHEPIUU ABYX (POTOHOB
MOKOsATCS B jJabopaTopHOil cucteMe oTcyeTa. [losTomy
Macca UCXOJIHOTO Tejla paBHA CyMME JBYX MaccC: KOHEYHOTO
TeJia ¥ CUCTEMBI BYX (POTOHOB.

Annnruismus nosurponns. Kak m3BectHo, nihil MO-TaTHIHA
3HAYMT Huumo. Ilo3uTpoHreM HaspiBaercs "atom", cocTos-
IIUA W3 TO3UTPOHA U BJIEKTPOHA. Peakiuro mpeBparieHust
MO3UTPOHMS B 1IBa (OTOHA — e€'e” — yy — Ha3BaJu
AHHUTHIISIIHEH, TTO-BUIAMOMY, MOTOMY, YTO B TO BpeMsi
(hOTOHBI He CUMTAIM YACTHIAMH MaTepuu. I1pu aHHUTHIIS-
MU BeJIMYMHA M COXpaHSETCs, MOCKOJIbKY COXpaHstoTcs E
u P. B nHavanbHOM coctosHuM M paBHA CyMMeE Macc
9JIEKTPOHA U IO3UTPOHA (MUHYC HEOOJIbIIIAs U HECYIIIECTBEH-
Hasl 3/IECh SHEPTUSI CBSI3M (CM. HIXKE)), @ B KOHEYHOM — CyMMe
9HEPTHH ABYX (POTOHOB B CHCTEME IMOKOSI MO3UTPOHHMS.
Taxum 06pa3oM, 3HEPIHs MOKOS 3JCKTPOHA M MO3UTPOHA
MOJIHOCTBIO TMEPEXOAUT B KHHETUYECKYIO SHEPTHUIO (POTOHOB,
HO MAacChl HAYaJbHOTO M KOHEYHOT'O COCTOSIHHI B 3TOM
Mporecce OJMHAKOBBI, KAK TOr0 TpPeOyeT COXpaHEHHE MOJI-
HO¥ SHEPTUH U MOJTHOTO UMITYJIbCA.

Pacnaasl Me30HOB. AHAJIOTUYHBIM 00pa3oM MpHU pacraje
K-Mme30Ha Ha [Ba M-Me30HA WM TPU T-ME30HA SHEPTHS
MOKOS KAOHA TIEPEXOIUT B CYMMY TOJIHBIX HEPT il THOHOB,
Kaxjasi U3 KOTOPBIX MMeeT BUI e = e¢x +m. Ho macca
CHCTEMBI JIBYX HJIA TPeX MAOHOB, BO3HUKIIMX MPH pacrae
KaoHa, paBHA Macce KaoHa.

Yro na3piBaTh MaTepueii? Bo Bcex pacnagax sHEprus Mokos
HEePEXOINUT B SHEPIHIO JABMKCHHUS, A TIOJIHAS SHEPTUsl U30JIH-
poBaHHOU cucTeMbl coxpaHsieTcsi. CoxpaHsieTcss U Macca
CHCTEMBI, HO HE COXPAHSIFOTCSI MACChI OT/ICJIbHBIX €€ YaCTHII.
MaccuBHBIE YaCTHIIBI IEPEXO/IAT B MEHEE MACCUBHBIC, & TO U
BOBCe B Oe3MaccoBble. HacTuiiamMu MaTepuu B (pusmke
9JIEMEHTAPHBIX YACTHUI] HA3bIBAIOT HE TOJBKO TAKHE MACCUB-
HbIC YaCTHUIIbI, KK IIPOTOHBI U JICKTPOHBI, HO M OYCHB JICTKUE
HEUTpUHO, U 6e3MaccoBble (POTOHBI, U JaXe TPABUTOHBI (CM.
HUKe). B coBpeMeHHO! KBAHTOBOW TEOpHH IIOJISI BCE OHHU
paccMaTpUBAIOTCS HA PABHBIX OCHOBAHUSIX.

Dueprust 6e3 yacTnu? B peaknusix pacrnajga ¥ aHHUTHIISIA
MaTepusl He Hcye3aeT MOJOOHO YEIIUPCKOMY KOTY, OT
KOTOPOTO OCTAaeTCsl TOJMBKO €ro yjabloka — sHeprusi. Hocu-
TEJISIMH SHEPTHU BO BCEX ITHX IPOIIECCAX SIBIJISTFOTCS YaACTHUIIBI
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maTtepuu. Bo Bcex H3y4eHHBIX 10 CUX ITOP MIPOLECCAX SHEPIUU
6e3 matepuu ("uncToii suepruu’) He OLIBAET.

D70, TIpaBaa, He OTHOCUTCS K TaK HA3bIBAEMOU TEMHOU
SHEPTUH, KOTopas OblIa OTKPHITA B IMocieqHne roabl XX B.
TemHast 3HEPTHUs MPOSIBIISAETCS B YCKOPSIFOIIEMCST pacIIipe-
Huu BceenenHoii. (O0 3TOM YCKOPSIOIIEMCS pACHIUPEHUU
CBUETEILCTBYIOT CKOPOCTH JAJIEKMX CBEPXHOBBIX 3BE3I.)
[Toxoxe, 9YTO HOCUTEJIEM TEMHOM SHEPTUU SIBIISIETCS BAKYYM
7 YTO OHA COCTABJISIET TPH YeTBEPTH Bcell oHepruu BceseH-
Hoi. OcTaBIIasicss 4eTBEPTh 3aKJIOYEHA B Macce OOBIYHON
Matepud (5 %) u Temuoit matepuu (20 %). B 1abopaTopHbIX
ONBITaX C OOBIYHBIM BEILIECTBOM TEMHAsl SHEPTHsl HE MPO-
SIBJISIETCS. B TakMX OmbITaX HOCUTEJIHM YHEPTUU — ITO BCeraa
YACTHIIBI.

9. HecBoOoaubIe YacTHIILI

Tena u yacTuubl. Bee Gusnveckue Tteyia COCTOST U3 IJIEMEH-
TapHBIX YacTull. Takue aJIeMeHTapHbIE YaCTUIBI, KAK IPOTOH
M HEWTPOH, CAaMH COCTOAT m3 eire "GoJiee 3IEMEHTAPHBIX
qacTun" — KBApKOB U TJIIOOHOB. Takue 4YacTHUIBI, KaK
3JIEKTPOH ¥ HEUTPUHO, HA COBPEMEHHOM YpPOBHE ITO3HAHUS
BBITJIAT KaK HCTHHHO 3JIeMeHTapHble. OOLIMM 1JIst IPOTO-
Ha W 3JIEKTPOHA SIBIISETCS TO, YTO MAacChl BCEX MPOTOHOB B
MHpE CTPOTO OJMHAKOBBI, TaK XK€ KaK CTPOTO OJMHAKOBBI
MaccHl BCex 3JIEKTPOHOB. B oTimmume 0T 3TOro Macchl Makpo-
CKOTIMYECKUX TeJI OJHOTO THUIA, HAIPUMEP BCEX TPUBEHHU-
KOB, PaBHBI IPYT APYTY JIMILIb TPUOIMKEHHO. DTO pa3jiniue
00YCIIOBJICHO TE€M, YTO PA3JUYHbIC YIHEPTETUUECKHE YPOBHU
MOHETHI NMPAKTHYECKN BBIPOXKICHBI, & Macca OJmKaiiero
BO30YXJIEHHOTO COCTOSIHUSI IIPOTOHA IMPEBBIIIAET MAaccy
MIOCJICIHETO HA HECKOJIBKO COTEH METa3JIEKTPOHBOJIBT.

Macca raza. Bo Bcex paccMOTpPEHHBIX BBIIIIE CTy4asiX, KOr1a
Macca CUCTEMBI YacTHIl ObL1a OOJIbIIE CYMMBI HX MAcC, 3TH
YaCTHIBI CBOOOMHO paszyieranuch. OOpaTumcsi Temepb K
CUTyalluH, KOTJa OHU pa3jieTeTbecsl He MoryT. Takas cutya-
usl OCYLIECTBJISIETCS, HAIPUMEP, B 4aCTO 0OCyXIaeMoM
MBICJIEHHOM OIIBITE C Ia30M MOJIEKYJ UiId (OTOHOB B
3aMKHYTOM TOKOSIIeMcs cocyae. [ToaHbII UMIYIbC TAKOTO
rasa paBeH HyJII0, HOCKOJIbKY a3 nzorpornen: P =Y p, = 0.
ITosroMy noJiHasg Macca M TaKoro rasa paBHa €ro MOJHOR
sHepruu E (B 3ToM cilydae oHa ke E() 1 paBHa CyMMe 3HepIruit
OTIeNbHbIX YacTui: M = E =5 e;.

Macca narperoro ra3a. [Ipu HarpeBanuu ra3za B HEOABUXK-
HOM COCYJie TOJIHBI UMIIYJIbC Ta3a HE HM3MCHSETCS U
OCTaeTCs paBHBIM HYJIIO, a TIOJTHASI SHEPTUS YBEJIMUNBACTCS,
TaKk KaK BO3pacTaeT KWHETHYECKasl SHEPTHUS OTIEIbHBIX
yacTuil. B pe3yibraTe Macca rasa B 11eJIOM yBEJIMYMBACTCS,
B TO BpeMsI Kak Macca KaX 0! OTAeIbHON YaCTULIBI OCTAETCS
Hem3MeHHOU. (B juTepaType MOXHO BCTPETHTH HEBEPHOE
YTBEPKJICHUE, YTO MPHU YBEJIUUYCHUH KMHETUYECKON SHEPTUU
yactuil (Mu GOTOHOB) BO3pacTaeT X Macca.)

Macca ropsiaero ytiora. TakuM sxe 00pa3om, Kak Macca rasa,
JIOJDKHA BO3PACTaTh IPU HArPEBAHWU U Macca YTIOTA, XOTS
Macchl KOJIEOJTFOIIMXCSI ATOMOB OCTAIOTCSl HEM3MEHHBIMU.
OmHako coBOKYmHOCTh (opmyin (10)—(12) mius cuctemMbl
CBOOOMHBIX YAaCTHUIl 3JeCh HEMPUMEHHMA, MOCKOJBLKY
YaCTUIIBI (B 3TOM CJlydae — aTOMBI) He CBOOOJIHBI, a
CBSI3aHbI B KPUCTAJLIMYECKOU pemieTke metasuia. Pasy-
MeeTCsl, YBeJIMYEHHEe MAacChl yTIOra CIMIIKOM MaJjo JJIs
TOTO, YTOOBI €70 MOXHO OBLIO PEAIbHO ITOYYBCTBOBATD.

7*

10. ATomMBI M aTOMHBIE sI/IPa

O dopmyaax (10)—-(12). [ToscHum, mouemy sl TaKHX
HECBOOOJHBIX YACTHI[, KaK 3JICKTPOHBI B aToOMax WJIHU
HYKJIOHBI B @TOMHBIX SIApax, HEMPUMEHUMBI (POPMYIIbI
(10)—(12). Ipexme Bcero moToMy, YTO 3TH YaCTUIBI HE
MMEIOT OMNpEAC/ICHHBIX MUMIYJbCOB B CUJIy COOTHOIICHUS
HeoIpeIeIeHHOCTH. YeM MeHblIle pa3Mmep 00J1acTh, B KOTO-
POIf 3aKJIFOYEHBI YaCTHUIIBI, TeM OOJIbIIe HEOUPEACIeHHOCTh
UX UMITYJIbCOB.

CooTHouleHune Heonpe/iejeHHocTH. U 1111 aTOMOB, U IS sijiep
OYEHb BaXXKHbI 3aKOHOMEPHOCTH KBAHTOBOW MEXaHWUKHU, B
YACTHOCTH COOTHOIIIEHHE HeompeaenaeHHocTn. Kak m3Bect-
HO, TIPOM3BEJICHUE HEOUpEIeICHHOCTEH uMmybca Ap u
KOOpJIMHATBHl AX JOJDKHO OBITH OOJIbIIIE, YeM KBAaHT JICH-
ctBus /1. [103TOMY YacTHIIBI B ATOMAaX HE UMEIOT OIPE/ICIICH-
HBIX WHAWBUIYAJbHBIX UMIYJILCOB, a OOJIAAAIOT TOJIBKO
OTpe/IeJICHHBIM CYMMAaPHBIM UMIYJILCOM.

Oueprusi noast. J{pyroii mpuunHOM, MO KOTOPOU B aTomMax
HenpuMeHuMbl ¢popmyibl (10)—(12), sBaseTcs 1O, 4TO
MIPOCTPAHCTBO MEXAY OTIEJIbHBIMU YAaCTULAMHU B HHX, 11O
CYLLECTBY, HE ABJISIETCS] IYCTHIM: OHO 3aII0JIHEHO MaTepUaJlb-

HO# cpengoil — Qu3nueckuMu moJissMu. [IpocTpaHCTBO
BHYTPH aToMa 3aIOJHEHO 3JIEKTPOMATHUTHBIM IOJIEM, a
BHYTpH siipa — ropaszjo 0oJiee MIOTHBIM U CHUJIbHBIM

II0JIEM, KOTOPOC YaCTO HA3bIBAOT ME3OHHBIM.

PeaibHble H BHPTYadbHbIe YacTHIBL B Ki1accmyeckoii Teopuu
OISt YACTHITHI ¥ CHJIOBBIE HOJIS — 3TO IBA HE CBOIUMBIX IPYT
K JpYry IOHATHA. B KBaHTOBOi TeOpUM MOJIS, HA A3LIKE
(el HMAHOBCKUX OUArpaMM, HOHSTHE II0JIi CBOJUTCA K
MOHSATUIO BUPTYAJIBHON YAaCTHUIBI, /I KOTOpoOil 2 — p? #
# m?. TIpo TaKue 4aCTHUIILI TOBOPST, YTO OHM HAXO/SATCS BHE
MaccoBoii mosepxuocti. (Ha MaccoBoil HOBEpXHOCTH HAXO-
JATCS peasibHbIE YACTHIILL, U1 KOTOPBIX e — p2 = m2.) [Tpu
5TOM 4-UMTIYIIbC p; = (e, P) COXpaHseTcs B K0 BepIIiHe
QAT PAMMBL.

DHeprus cBs3u. Hamuuue sHepruy mojst IpUBOAUT K TOMY,
YTO JIJISL IBYX TECHO B3aUMOJCUCTBYIOIINX YACTHII, CKAXKEM,
B ATOMHOM SIJIp€ TSKEJIOTO BOJIOpOJa — JeHTpoHa, B
dopmyne (10) E = e; + e; HEOOXOUMO YUUTBHIBATH JHEP-
ruto noJist. B pesynbrate M < m; 4+ m,. Benuuuny ¢ = m; +
+ my — M Ha3BIBAIOT YHEPTUEH CBSIZH.

Macca nedTpoHa MeHBIIE CyMMBI MacC HPOTOHA H
HEWTPOHA, COCTABJISIFOIIMX €r0. DHEPTHUs CBSI3U HYKJIOHOB B
JIedTpone paBHa 2,2 MaB. [l toro, 4ro0sl "passaauts”
JIEUTPOH Ha HYKJIOHBI, HAJO 3aTPATUTh SHEPIHIO, PABHYIO
SHEPIMU CBSI3M WJIM TPEBBLIAIONIYI0 ee. ATOMHBIE spa
OCTaJIbHBIX 3JIeMeHTOB Tabmuisl MeHaeneeBa TOXe CyIecT-
BYIOT OJ1arofapsi S9HEPT U CBSI3U HYKJIOHOB B OTHX SIIPaX.

Crusinue u nesienne siiep. VI3BeCTHO, YTO SHEPTHs CBSI3U — B
Havyase Tabauupl — MakcHMajibHA y sigpa Teaus, a B
cepenune TaGiunpl — y sapa xkeyeza. VIMEHHO MO3TOMY
pu 00pa30BaAHUM TeJIHS U3 BOIOPOIA B PEAKIMSIX CIIHSHUS
Ha CoJIHIE U B BOAOPOIHBIX OOMOaX BBIIENSIETCsl OOJIbIIOE
KOJIMYECTBO KHHETHYECKOM SHEPTUHU. A B SIICPHBIX peakTopax
U aTOMHBIX OoMOax KuHeTHdeckasi 3Heprusi obpasyercs: B
peaknusax AesIeHHUs] IPU pa3Bajie TSDKENBIX saep ypaHa U
IUIyTOHUS Ha OoJiee Jerkue siapa B cepeawHe TaOuibl
Menpeneesa.
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Xumnyeckne peakuuu. CyIieCTBEHHO MEHBIIASI SHEPTUs, U3-
MepsieMasi 3JIeKTPOHBOJBTAMH, BBIACIISIETCS B XUMUYECKUX
peaknusx 3a CYeT Pa3jIMyUsl 3HEPTUN CBSA3M 3JIEKTPOHOB B
pa3sHOOOpa3HBIX XUMHYECKUX coenuHeHusIX. OIHAKO HCTOY-
HUAKOM KHMHETUYECKOM SHEPTUH U B XUMUYECKUX, U B SJIEPHBIX
peaklusxX SIBJISETCS pa3HOCTb MAcC HaYaIbHBIX U KOHEYHBIX
qacTull (MOJIEKYJI MJIH SIAEP), YUACTBYIOLIMX B ATHX PEAKLHSIX.

ITockonbKy W MOJIEKYJIBI, U JaXXe aTOMHBIC siApa SB-
JISIFOTCSI HEPEJIITUBUCTCKUMH CBS3aHHBIMU CHCTEMaMH U K
WX COCTABJIIOIIMM IPUMEHUMO IOHATHE MOTEHIUAJIbHOU
SHEPruy, TO COOTBETCTBYIOIIME PA3HOCTU MAacC MOXHO
paccunTaTh, ONMMPASCh HAa 3TO MOHSITHE, A BBIACIISIEMYIO
9HEPIUuIo OOBACHUTH MEPEXOIOM MOTEHIUAIBLHON SHEPTUU B
KHHETHYECKYIO.

3akon Kysona. DHeprusi cBsi3u 3JIEKTPOHOB B ATOMaxX MHOTO
MEHbIIIE MAacChl 3JIeKTpoHa. [loaToMy mMOHsATHE SHEpPruu
CBSI3M B aTOMAaX MOYXHO TOSICHUTB C TIOMOIIbIO HEPEJISITH-
BUCTCKOTO MOHSATHUS MOTEHIUAJIBbHONH 3HEPTHUH. DHEPTUS
CBSI3M ¢ paBHA (CO 3HAKOM MHUHYC) CyMME MOJIOKUTEIHHOMN
KUHETUYECKOW JHEPTrUU CBSI3AHHOW YACTHIBI M €€ OTpPHIla-
TeJIbHOM MOTeHIMAaIbHOM 3Hepruu. [loTeHnunanbHas sneprus
3JIEKTPOHA, CKaXXxeM, B aTOME€ BOJOpOJa OMpeJeisieTcs
3akoHOM Kyrona:

o
U=--,
p

(17)
rae o = e?/hc = 1/137, e — 3apsn 30eKTPOHA.

Eme o norenumannbnoii dneprun. [TOHSATHE TOTEHIMATILHOMN
SHEPTUH ONPEJIESIEHO TOJIBKO B HBEOTOHOBCKOM TIpeIeie (CM.
Mexanuxy Jlangay u Jludumna, §5 "®yukuus Jlarpanxka
cUCTeEMBbI MaTepualbHbIX Touek" u §6 "Dueprusa") [7].
CoxpaHsieTcsi CyMMa KMHETHYECKOW M MMOTEHIINAILHOMN 3HEP-
ruii. Ecm ogHa U3 IBYX B3aMMOJAEMCTBYIOIIMX YACTHI] WA
00€ OHM CYIIECTBEHHO PEJIATUBUCTCKHE, TO TOHSITHE TOTEH-
[MAJILHOM SHEPIUU HEPUMEHUMO.

DJIeKTPOMArHuTHOe MoJjie. B Teopuu OTHOCHUTEILHOCTH
KYJIOHOBCKOE TmoJie siBisieTcs -KOMIIOHEHTOH 4-moTeHIma-
JIa 3JeKTpoMarHuTHoro moiyst A, (¢« =0,1,2,3). Uctounu-
KOM TIOJIS SIBJISIETCSI 9JIEKTPOMATHUTHBIA TOK, HMPOMOPIINO-
HAJIbHBII 4-BeKTODPY ep,/E, TIe py — 4-MMITYJIbC YACTHIBI C
3apsaoM e. B3aumopelicTBue ABYX IBMXKYIIUXCS 3apsiaoB
OCYILIECTBIISIETCS IIyTEM PACIPOCTPAHEHUs MOJI OT OJHOTO
3apsama k apyromy. OHO ONHCHIBAETCS TaK HA3bIBAEMOW
¢ynkupeit Tpuna uwnm nponararopom ("pacnpocrpanure-
nem") anektpomarauTHoro nojis. (Ha si3bike KBaHTOBOU
3JIEKTPOIMHAMUKHI TOBOPST O PACIPOCTPAHECHUN BUPTYaJIb-
HbIX (poTOHOB. To, UTO MOTEHIMAT A, SIBISETCS 4-BEKTOPOM,
00YCJIOBJICHO TEM, YTO CIUH (POTOHA PABEH C/IUHUIIE.)

Ba:knoe yrounenne. Ecoii BUpTYasIbHBI (DOTOH YHOCHT 4-HM-
MyJIbC ¢, TO 4-UMITYJIbCBI 3aPSKEHHON YaCTHUIIBI JO UCITYC-
KaHusl (GOTOHA p; W TOCIE MCIYCKAHUS Py YAOBJIETBOPSIIOT
YCIIOBHIO pi — pr = ¢. Bxopasuit B BeIpakeHHe ISl coXpa-
HSIIOIIETOCSI TOKa 4-BEeKTOp p paBeH p=p;+pr, a E=
= V/EiE;. Ilockonbky pi2 = pf2 =m?, 10 gp = 0. (MnI 060-
3HAYIIIA 371eCh SHEPTUIO OYKBOIl E, TIOCKOJIBKY ¢ B BBIpaxe-
HUM U1 TOKa 0O603HavaeT 3apsia. BykB sSIBHO He XBaTaer.)

T'mroons! u kBapku. CIIUH TJIFOOHOB TOXe paBeH enunuiie. Ha
MEPBBIA B3TJISI[, B3aMMOIEHCTBHE TJIFOOHOB C KBapKaMu
MOJIHOCTBIO AHAJOTHYHO B3aUMOJEHCTBHUIO (OTOHOB C

anexkTpoHamu. Ho 310 Tosibko Ha mepBwli B3rIsia. [eno B
TOM, YTO 3JIEKTPUUYECKUNA 3apsi/l Y BCEX 2JEKTPOHOB OAMH U
TOT Xe. A IBETOBBIX 3apsIoB y KBapkoB Tpu. Mcmyckas
WIH TIOTJIOWIAas TJIFOOH, KBapK MOXET MEHSITb CBOM IBET.
SIcHO, 4TO IS 3TOTO TJIFOOHBI CaMH JOJIKHBI OBITH
UBETHBIMH. MOXHO OKa3aTh, YTO JOJIKHBI CYILIECTBOBATH
BOCEMb IBETOBBIX pa3HOBUIHOCTEH TIJtooHOB. Eciam do-
TOHBI JIEKTPUYECKH HEUTpaAJIbHBI, TO TJIFOOHBI HECYT IIBE-
TOBBIE 3aPSBI.

KBantoBasi xpomoamnamuka. Kazanoch Obl, 3apsokeHHBIE
TJIFOOHBI IOJDKHBI MHTEHCUBHO H3JIYYaTh TJIFOOHBI M IMPEJ-
CTaBJIATL co6ol 4To-TO Bpoae "ceersmerocs csera". Ho
KBAaHTOBAas XPOMOJMHAMHUKA — TEOpPHUS B3aMMOJICHCTBUS
KBapKOB M TJIOOHOB — 00JIaaeT yJIUBUTEIbHBIM CBOIi-
CTBOM, KOTOPOE HA3bIBAKOT AHTJHUHUCKUM CJIOBOM "KOH-
¢aiiament" wm pycckum ciiosom "aesbuteTanne". B orim-
4Ke OT 3JIEKTPOHOB U POTOHOB, I[BETHBIC KBAPKH U TJIFOOHBI B
CBOOOJHOM COCTOSIHUM OTCYTCTBYIOT. OTH IIBETHBIC
YACTUIBl TMOXU3HEHHO 3aKJIFOUEHBI BHYTPH OECIBETHBIX
(6ebIx) aipoHoB. OHM MOTYT MEHSITh TOJIBKO MECTa 3aKJIFO-
yeHusi. PeHHMAHOBCKUX TUATPAMM C JIMHUSIMU CBOOOHBIX
IJIFOOHOB U KBAPKOB HET.

11. I'paBuranus

I'paBuTammonnsie opouThl. Ha pa3nmyHbix aMOIeMax 4acTo
n300paxaroT OpOUTHI AJIEKTPOHOB B aTOMax, MOJA00HbBIC
opbutaM miaHeT. M3 TOJBKO YTO CKa3aHHOIO MOJDKHO
OBITH SICHO, UTO TAKHX OPOUT B ATOMAaX, COTJIACHO KBAHTO-
BON MexaHuke, HeT. OIHAKO I MaKPOCKOIHMYECKHUX Tel,
TeM OoJiee, JIUIS TAKUX TSDKENBIX, KaK MJIAHEThI, KBAHTOBBIC
3¢ (dekTbl HUYTOXHBI. [103TOMY HMX OpOHMTBHI MPEKPaCHO
OIUCBHIBAIOTCS KJIACCUYECKON MEXaHUKOM.

Koncranta Helotona. [loTeHnmanpHast sHeprus 3eMyn B
rpaButanuoHHoM TmoJjie CoJTHIA OMpeesieTCss 3aKOHOM
Herotona

GMm

U= - :
.

(18)

riae M — macca CoutHna, m — macca 3eMJIH, 1 — PacCTOSIHHE
MEXy UX HeHTpaMu, a G — KoHcTaHTa HbroToHa:

G = 6,71 x 10 ¥hc [ToB/c?] . (19)

(31ech UCTOJIB30BAHBI €IMHUIIBI, B KOTOPBIX ¢ # 1.)

Beanunna p;p;/e. B HBIOTOHOBCKO# (HU3HMKE UCTOYHUKOM
IPaBUTALMM SIBJISETCS Macca. B TEOpUM OTHOCHTENHLHOCTH
MCTOYHUKOM IPABUTAINM SIBJISICTCSL BEJIMYMHA P;py /e, KOTO-
pas ciryKuT Kak Obl "rpaBuTaimonusiM TokoM" . (HamomHro,
4yTOo p; — 4-BeKTOp 3Hepruu-ummyisca, i=0,1,2,3.
ITosToMy y "rpaBUTALMOHHOrO TOKA" YETHIPE HE3aBUCHMBIX
KOMIIOHEHTBHI, & He JECATh, KaK ObUIO Obl Y CUMMETPUYHOTO
4eThIPEXMEPHOr0 TEH30PA.)

Pacnpoctpadenue moJis oT UCTOYHMKA 10 "croka' omnm-
cpiBaeTcst (pyHKImed ['puHA I'PaBUTAIMOHHOTO TOJIS WIIHA
POMAaraTOpoM TPAaBUTOHA — 0E3MACCOBOM YACTHIBI CO
couHOM 2. DTOT NpOHATAaTOp NpOIOpLHOHATeH glgh i
+gimghl _ gikgim rne o Merpuueckuit Tensop. (Kax u B
ciyuae GoToHa, 06CYKICHHOM BBIILE, 4-MMITYJILC TPABUTOHA
q = pi — pr, 4-MMIyJIbC, BXOISIIUNA B BHIPAXKEHHE [T TOKA,
D =pi+pr, a e = \/ejer. Ham onsath He xBataer Oyks! Ha
3TOT pa3 JJIsl UHAEKCOB.)
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I'paButon. ['paBuTOH, Tak ke kak GpoToH, — Oe3maccoBas
yactuna. IMeHHo moatomy moteHunuansl HproToHa u
Kysnona umeror ¢opmy 1/r. Ho B otsmune ot ¢orona,
KOTOPBIA HE MOXET MCIYCKaTh ()OTOHBI, TPABUTOH MOXET
U JOJKEH UCIYCKaThb TPABUTOHBI. B 3TOM OTHOIICHUH
TPaBUTOH MOXOX Ha TJIFOOH, UCIYCKAIOIIUI [JTFOOHBI.

Macca Ilnanka. B ¢u3uke vacTuil UCTIOJIb3YeTCs MOHSATHE
maccsl [Tnanka:

(20)

B enununmax, B KOTOpwIX ¢, h=1, mp = 1/\/6: 1,22
x10'° I'3B.

I'paBuTanOHHOE B3aUMOJICUCTBUE IBYX YIbTPAPEIISATH-
BUCTCKHMX YaCTHI[ BO3PACTACT KaK KBaJpaT uX dHepruu E B
cucTeMe ux LeHTpa uHepuuu. OHO CTAHOBUTCS MPENEIbHO
CHJIBHBIM IIpU E ~ mp ¥ TP PACCTOSIHUM MEX]1y YaCTUIIAMU
r~ 1/mp. Ho BepHeMcst OT 3TuX (paHTACTHIECKH OOJIBIIUX
SHEPIHil W MaJbIX PACCTOSHHI K s0J0KaM W (poToHAM B
rPaBUTANUOHHBIX MOJISIX 3emut 1 CoJTHIIA.

s1670k0 1 doToH. PaccMoTprM HaCTHIly, HAXOJSIIYIOCS B
CTATUYECKOM TPABUTANIMOHHOM ToJie, HanpuMep, CosHma.
Wcrounukom nostst siBisiercst Beamuuna PPy, /E, tne Pp —
4-ummryiee Comana, a £ — ero 2Heprus. B cucreme mokost
Conuua l,m = 0wu PP, /E = M, rne M — macca Connna. B

9TOM Cllydyae YUCJIUTEb MPONaratopa rpaBUTAIMOHHOTO
ik o Im 0 o kKO ik ;00

OIS gilgknz+ginzgkl_g g paBeH 2gig — gkg0 g
TEH30pHAsl BEJIMYUHA p; Py, YMHOXKCHHAS HA YHCIUTEIb
nmpomnaratopa, CBOJUTCS K IIPOCTOMY BBIPAXKEHUIO:
2¢? — m?. CliemoBaTeNnbHO, Ul HEPEIATHBECTCKOTO 967I0Ka
¢ Maccoll m "rpaBUTaNMOHHBIA 3apsan” paBedH m, a s
(oToHa c 3Heprueil e oH paBeH 2e¢. OOpaTuTe BHUMaHUE HA
MHOXUTeIb 2. KuHeTnyeckas 3Heprusi IpUTSIrUBACTCS B 1BA
pasa cuibHee, 4YeM CKPBITasi JHEPTUsl, 3aKJIFOUSHHAs B Macce.
IMpuBeneHHBIN 31eCh MPOCTON BHIBOI kKodddumumenta 2
JleTaeT HEHYXXHBIM CJIOKHBIA BBIBOJ, UCTIOJIB3YIOIIHNA H30-
TPOIIHBbIE KOOPAUHATHI, B cTaThe [§].

®oron B noste Cosmna. Bzaumoeiicteue (poTOHA ¢ rpaBUTA-
IIMOHHBIM I10JIEM JI0JIKHO BBI3bIBATH OTKJIOHEHHE JIyUa CBETa
Jajekoi 3Be3anl BOJIM3M costHeYHOro aucka. B 1915 r.
OWHIITEHH BBIYUCINI YIrOJI OTKJIOHEHMS ¥ IoKa3al, YTO OH
JOJDKeH cocTaBaath 4GM/c?R ~ 1,75". (3necb M u R —
macca u paguyc CouHna.) ITo mpeackasaHue ObLIO TOJ-
TBEPXKIEHO BO BpeMs COJIHEYHOro 3aTMeHus B 1919 r., uto
BBI3BAJIO OTPOMHBIN HHTEPEC K TEOPUU OTHOCUTEIILHOCTH.

Atom B noje 3emum. [Tpu moabeme Tesra Haja 3emiield ero
MOTEHIMAJIbHAS SHEPIUS BO3pACTAET IPONOPIHUOHAJIBHO €ET0
macce. [TosTomy pa3HOCTB 3HEPTUil IBYX ypOBHEW aTOMHOTO
siIpa TOJDKHA OBITH TeM OOJIBIIE, YeM BBIIIE 3TaX J0Ma, Ha
KOTOPOM $IIpO HaXOIUTCSL.

ueprus porona coxpansiercsi. C Apyroii CTOpOHBI, 4acTOTa
® (hOTOHA, JICTSAIIETO B CTATHYECKOM I'PABUTAILMOHHOM MOJIC,
a CJIE[IOBATENILHO, H €T0 MOJIHAS SHePIHsl ¢ = /i He JOJIKHBI
U3MEHSIThCSL.

B pesyabraTte (HOTOH, MCHYIICHHBIA HA HIDKHEM I3Taxe
JoMa TpPH Hepexofe MEXIy IBYMsl YPOBHSMH siapa, He
CMOJXET BbI3BaTh OOPATHOTO HEpexoia B TOM XKe siIpe Ha
BEpXHEM 3Taxke. DTO TEOPETUYECKOE MpeJcKa3aHue ObLIO
moaTBepxkaeHo B 1960-x romax Ilaynmom m PebGkoii [9]

nocie OoTkpeiTUsl 3pdexkra MeéEccbayspa, MO3BOJISIONIETO
HU3MEPSITh HUYTOKHO MaJIble CMEIICHHUS SACPHBIX YPOBHEIA.

Ho nimna Bosmbl u3mensiercsi. @oToH, JIETSIINN B CTaTHYEC-
KOM T'DAaBUTAIIMOHHOM I10JIe, TIOJO0HO JIETSIIEMY KaMHIO,
COXpaHsieT CBOIO IMOJIHYIO 3HEPIHIO ¢ U yacToTy w. Ho ero
HMILYJIbC, a CJIEAOBATEJIBHO, U €70 JJIMHA BOJIHbI U3BMEHSFOTCS
C U3MEHEHHEM PACCTOSIHUS 10 TPAaBUTUPYIOIIETO TeJIa.

IMoka3arenn npesomiiennst. [1pu ynanenun ¢oToHa OT UCTOYU-
HUKa TPaBUTANMOHHOTO MOJII €ro CKOPOCTh BO3pPACTAaeT,
CTPEMSICh K ¢, a IPH IPUOJIMKCHIN — YMeHbIIaeTcs. Takum
00pa3zoM, IpaBUTAIMOHHOE I0JIe, TOJO0OHO TPO3pavyHOU
cpene, uMeeT KO3(pPUIMEHT TpesIoMIIeHUs. DTO HATJISIITHO
00BsICHSIET OTKJIOHEHHE cBeTa B mmosie CoJIHIA U B TPaBUTA-
IMOHHBIX JIMH3aX FAJIAKTHK. Y MEHbIIIEHIe CKOpoCcTH poToHA
BOsm3u CouiHna Ob10 o6HapyxeHo llanupo B ombITax mo
HU3MEPEHHIO 3aIa3bIBAHMsI PAaPHOIO 3Xa OT IUIAHET.

Yacel u rpaButamusi. OObIYHBIE YAaChl, TOJOOHO ATOMHBIM,
THKAIOT TeM 4Yallle, YeM BBIIle WX MOMHUMArOT. IlycTh Ha
MIEPBOM 3TaXKe PSTIOM HAXOISATCS CHHXPOHHO UYIIHE Yachl A
u B. Eciiu noHATh HAa BTOPOI 3Tax cHayaJjia 4yackl A, a cka-
KeM, Yyepe3 CyTKH — 4yackl B, To A OyayT onepexaThb 4achl B,
Tak Kak B TeyeHue CyTok A mnumm Owictpee. Ho B kauecTBe
CHHXPOHM30BAHHBIX CEKYHIIOMEPOB A 1 B Oy1yT ommHAKOBO
XOPOIIIH.

Korpga xaxayro TOYKY B MNPOCTPAHCTBE CHAOXarOT
CBOMMH COOCTBEHHBIMU YaCaMH, TO, 110 CYILECTBY, IOAPA3Y-
MEBAIOT, YTO TEMII UX XO/Ja HE 3aBHCHUT OT PACCTOSHHS J10
TPaBUTHPYIOIIUX TeJ (B HAIIIEM ciTydae — OT 3Taxa). Ho aist
OOBIYHBIX YacOB 3TO He Tak. YTOOBI OTJUYUTH TaKue
HEOOBIYHBIE YaChl OT OOBIYHBIX, HA30BEM HEOOBIYHBIC YAChI
"KJIOHMpPOBAHHBIMH",

Kak MBI Bujenu BbILIE, 4YaCTOTA CBETA, U3MEPEHHAs C
MIOMOIIIBIO PA3HECEHHBIX MO JTakaM OOBIYHBIX 4acOB, HE
3aBUCHT OT 3Taxa. Eciim u3MepsTh ee ke C MOMOIIBIO
"KJIOHUPOBAHHBIX" JIOKAJBHBIX YaCOB, TO TOJYYUTCS, YTO
OHAa TEM MEHbIIE, YeM BbIIe 3Tax. VIMEHHO Ha 3TOM
OCHOBaHa Takasi uHTepmnpertanus onbita [laynna u Pebkwu,
COTJIACHO KOTOPOH 9HEPTUsI BEPTUKAJIBHO JIeTsIIero Gporona
YMEHBIIAETCS] ¢ HAOOPOM BBICOTHI, TOJIOOHO KUHETHYECKON
sHepruu KamHsi. Ho y KaMHS yMeHbIIIeHHe KUHETHYECKON
SHEPrUU CONPOBOKIAETCS YBEJIUICHUEM €TI0 MOTEHIIUAIbHON
SHEPruy, TaK YTO €ro IOJIHAsl JHEPrus coxpansercs. A y
(oTOHA OTEHIMAILHOM SHepruu HeT. [ToaTOMY B cTaTHYeC-
KOM TPaBUTAIMOHHOM IIOJI€ €r0 JHEeprusi JOJDKHA COXpa-
HATBCSL.

12. DnucreMoJIOrug ¥ JHHIBUCTHKA

duznka W MHCTEMOJIOTHSA. Dnucmeme IO-TPEUYCCKH — 3TO
3HAaHHUC. 3HI/ICT€MI/IK2:1, WM, KaK IIPUHATO OBLIO TOBOPUTH
PaHbUIC, MMUCTEMOJIOTHA, — 3TO TCOpPUSA 3HAHUA WU ITIO3HA-

Hus. OYeBUIHO, YTO 0OCYKAAEMBIE B ITOM JIOKJIA 1€ BOIIPOCHI
OTHOCATCS HE TOJIBKO K (PU3UKE, HO ¥ K AMUCTEMOJIOT HH.

®u3nka n ceMaHTHKa. [ peveckoe mprtaraTeIbHOE ceManmu-
Koc (3HAUUTEbHBIN, significant) UCIIOIH30BAIOCH B IMHTBUC-
THKe eme ApucroreneM. Ho kakoe oTHoOIIeHHE K (DH3MKE
HMeeT HayKa O sI3bIKe — JIMHI'BICTHKA U €€ pa3/ie)l CeMaHTUKa
— HayKa O CJIOBax U CUMBOJIaX?

TyT yMECTHO BCIOMHHUTH BBICKA3bIBaHHE, IPUIUCHIBAC-
Moe Poky: "®usmka — HayKka, MO CYIIECTBY MPOCTasl.
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I'nmaBHas nmpoOjieMa B HEHl — NMOHMMATB, YTO Kakas OyKBa
o3navaet".

®usmka XX B. B KOpHE U3MEHIIA IPEACTABIICHIE O TOM,
4TO TAKOE MyCTOTA U MaTEPHsI, ¥ TIO-HOBOMY CBSI3aJ1a MEXIY
co0Ol TakWe CBOMCTBA MAaTEpHHU, KaK SHEPTHUS, UMITYJIbC W
macca. DopmupoBanue pyHIaAMEHTAIBHBIX TIOHITHI PU3UKU
elle He 3aBEpIICHO M BPSJ JIM 3aBEpIIMTCS B 0003pUMOM
OynymieM. B wacTHOCTH, M IOITOMY TaK BaXXHO BBIOMPATH
aJleKBATHBIE CJIOBA W OYKBBI IPH OOCYXIeHUH (PU3MIECKUX
SIBJICHUU U TEOPUH.

"Cruieennnre nonsitust”. B Hauasax Herotona "ckneensr"
HOHSATHUS MAacChl U MaTepuH (BelLecTBa): ""'Macca IponopImo-
HAJIbHA TJIOTHOCTH U 00beMy". B craThsix DifHinTelina Macca
"ckyeena" ¢ uHEpIMEN U TpaBUTAIME (MHEPTHAS M TPABUTA-
UOHHASI MACChI). A SHEPruUs CKJIEEHA C MaTepUEH.

Apxetun. CoryiacHo cioBapsiM, apXeTHIl — 3TO HCTOPUUECKU
ucxoHas popma (mporodopma), KICXOTHOE IOHSITUE, CIIOBO,
WJIM UCXOIHBIN THM (mpotoTun). [ToHsITHEM apXxeTura o4eHb
unTepecoBascs [1aynm, onybiukoBaBiuii B 1952 1. craThio 0
BJIMSIHUM apXETUINMYECKUX HPEeACTaBJICHUN Ha cO3JaHue
€CTeCTBEHHO-Hay4HbIX Teopuit Kennepom. BozamoxHo, moHs-
THE MACCHI SIBJISIETCSI MMEHHO TAaKUM apXeTUIIMYECKUM TOHS-
THEM, KOTOPOE CKJIEUJIO B ceOe IOHSTHSI BEIIECTBA, HHEPIIUU
U TSDKECTH.

Atom u apxerun. Atom and Archetype — 1o 3TUM 3arJa-
BHEM ObLIa TIEPEBE/ICHA C HEMEIKOTO s3bIKa HA aHTJIMHCKUN
kaura [10], conepxamas nepenucky Bonbdranra IMaymm u
Beylero Hemenkoro neuxoanaiauntuka Kapia FOunra, nims-
myrocst ¢ 1932 mo 1958 rr. B. [Taynu u K. FOHT 06cyxnanm, B
YACTHOCTH, MATEPUAJIbHYIO NPUPOAY BPEMEHU M BO3MOXK-
HOCTDb OOILIEHHUS C JIFOJbMH, XUBIIMME HECKOJIBKO BEKOB HJIU
ThICsTuesieTuit Tomy Hazafd. llupoko m3BectHo, uto Ilaymm
Cepbe3HO OTHOCWIICA K 3(dekTy, HocsImeMy ero uMs: Koraa
OH BXOJIAJI B 9KCIIEPUMEHTAIBHYIO Ja00paTOPHUIO, IPUOOPHI
B HE JIOMAJIUCh.

ITos1e1 0 Tepmunax. [{. Camoiinos o ciosax: "Ux nporuparor
Kak crekyio. M B stoM Hamre pemecio". B. MaskoBckuii:
"Vauna kopuntcs 6e3bs3bikast. Eil HeueM KpUYaTh U pasro-
BapuBaTh'.

HexBaTka TOYHBIX TEPMUHOB U HEYMEHHE MOJIL30BATHCH
MMM BOCIIOJIHSIETCS MHOTHMMH aBTOPAMU OOUIIBHBIM UCIIOJIb-
30BaHUEM CJIOB-IIAPA3UTOB THHA "Macca mokod", mpuaaro-
MIMX TEKCTaM TIAgKoCTh M "sHepreTuky", momoOHO TOMYy,
KaK B OOBIYHOM peun 3TOo AejaroT ciioa Tuna "omun".

Kak npenogasats ¢usuky. Hano "nporupats" u "packieu-
BaTh" TEPMUHBEIL.

"TlynoBuna", coequHsBLIAS COBPEMEHHYIO (DU3UUECKYIO
TEOPHUIO C TPEIIECTBYOIIEN "MaTepuHCcKoit" Teopueit, 10
XHa GepexHO o0pe3aThes npu mpenogaBanud. (B ciydae
Teopun OTHocuTeNbHOCTH "Matepbro" Obur "kenTasp',
COCTOSIBIIMM U3 Teopuu mojsi MakcBeisla M MEXaHUKU
HproToHa, a mynmoBUHA — PESTHBUCTCKASI MACCA. )

BcnomuuM Ha3Banue 3Hamenutoi kHuru @. Kieiina
Daemenmaphas mamemamuka ¢ evicuwieil mouku spenus. Ha
nanmmadT COBPEMEHHON (PU3UKK HAI0 CMOTPETH C BBICLIEN
TOYKM 3pCHUs: HE U3 OBpara HCTOPHH, & C BEPLIUHBI
NPUHIMIIOB CAMMETpHUU. MHE MPE/ICTABIIAETCS, YTO HEIOIY-
CTUMO BBIIABATh 3aBUCUMOCTH MACChl OT CKOPOCTH 3a
9KCIIEPUMEHTAJIBHBIN (aKT, CKPBIBASL OT CTYJEHTA, YTO OHA

SBJISIETCSL UHTEPNpeTanuoHHbIM "dakTormom" (coryiacHo
cioBapsM, (GAaKTOU MOXOXK Ha (PAKT, HO CUMTAETCS JOCTO-
BEPHBIM TOJBKO IMOTOMY, YTO BCTPEYAETCS B MEYATHBIX
TEKCTax).

13. 3akarounTeabHbIE 3aMeYaHus

"Ipo6aemsr E = mc?" morio u e 6b1Th? Kaxercs, 4to
"mpobiema E = mc>" ne Bo3HHKIA GBI, €CIM IIPH CO3JAHAN
TEOpHMH OTHOCHTEILHOCTH Beuduny E/c? — kos(uruent
HIPONOPIMOHATIBHOCTH MEX/Y CKOPOCTBIO M UMITYJILCOM —
OTOXACCTBHJIM ObI C HEKOW HOBOHM (PM3UYECKOUN BEJIMYMHOU,
Ha3BaHHOM, ckaxeM, "unepuuei" mwim "unepom", xoTopas
COBIIAJIAET C MACCOM TIPH UMITYJIBCE, CTPEMSILEMCS K HYJIIO.
Tax 4uro Macca Oblia Obl "uHepuueil nokos". AHAJIOTUYHO
MorJjia Obl OBITH BBEJIEHA W HOBas BeJIMUYMHA "TsHKeCTh'", v
"rpaB", — pppx/E, cBOAsAMIAsACS K Macce MPU HYJIEBOM
ummyisce. Ho ¢usnku npeanown "He yMHOXATH CYIIHO-
ctu" ¥ He BBOJUTH HOBBIE (PU3UUECKUE BEIMUUHBI, a Chopmy-
JIMPOBATH HOBBIE, 6oJiee OOIIME COOTHOMIEHUS MEX/TY CTa-
peiMH, Takue kak E2 — p2e? =m?ctup = vE/.

OHAKO MHOTHE 10 CHX TOP HBITAIOTCS COXPAHUTH U B
PENSTUBUCTCKOM (DU3MKE Takue HEPESITUBUCTCKUE ypaBHE-
HHsI, KaK P = mV, U TAKHe HEPEJSTHUBUCTCKUE CKJIEHKU
noHATui, kKak "Macca — Mepa unepuuu u "macca — mepa
rpaBuTandu", M MPEJNOYUTAIOT HCIOJIb30BATh IMOHATHE
MacChl, 3aBUCALIEN OT CKOPOCTH.

IMopa3uTenbHO, HO HEPEAKO OJTHHU U Te e (PM3UKU B CBOMX
Hay4HbIX paboTax BbIOMpaU NEpBBIA MyTh, a B CBOEH
HAYYHO-TIOMYJIAPHOM M IEJATOTHYECKOM eI TEIbHOCTH —
BTOPOii. ITO, KOHEUHO, HE MOTJIO HE TIPUBECTH K HEBOOOPA-
3MMOI TyTaHWIE B TOJIOBaX TeX, KTO CJENO CJEMAYET 3a
ABTOPUTETAMHU, ONMPAACH HA MOMYJISIPHYIO JUTEPATYDY.

O noctoBepHocTH Hayku. B mocnegnee Bpemsl IIMpPOKOe
pacnpocTpaHeHue MOJIyYUIIN MPEACTABICHUS O TOM, YTO
Hayka BooOme u (U3MKa B YaCTHOCTH HEJOCTOBEPHBI.
CorJylacHoO MHOTHM IOMNYJISpU3aTOPaM HAYKH, TEOPUSI OTHO-
CUTEJILHOCTH TaK K€ J0Ka3aja HENPAaBUIbHOCTb MEXaHUKU
HrroToHa, kak Xumus Joka3aJjia HeIpPaBUJIbHOCTh aJIXUMUH,
a ACTPOHOMHS — HEMPABHJILHOCTH acTpojiorud. Ho mogo0-
HbIE YTBEPKIECHUS I'PYOO UCKAXKAIOT CyTh HAYYHBIX PEBOJIIO-
nuid. Mexanuka HproToHa ocrajack nmpaBUILHON HAyKO# U
ceroqHs, B XXI B., u ocraneTcss BepHOU Bcernga. OTKpbITHE
TEOPUU OTHOCHUTEJLHOCTH TOJILKO OrpaHUYMJIO 00JIacThb
MIPUMEHUMOCTH MeXaHuku HproToHa CKOpPOCTSIMHU, MHOTO
MEHBIIIMMU CKOPOCTH cBeTa ¢. M mpoaemMoHCTpupoBajo ee
TIPUOJIKEHHBINA XapakTep B 3TOH 00y1acTH (C TOYHOCTHIO 10
HONpaBoK nopsiaka v2/c?).

AHAJIOTUYHO, OTKPBITHE KBAHTOBOH MEXaHUKU OTIpaHU-
Y10 00JacTh NPUMEHHMOCTU KJIACCHUYECKOH MeXaHUKHU
TaKUMH SIBJICHUSIMU, JJISI KOTODBIX BEJIMYMHA JeHCTBUS
BeJIMKA MO CPABHEHUIO C KBAHTOM AedcTBHS /1. OOIacTh xe
MPUMEHEHHS! ACTPOJIOTUU U aJIXUMHUH — TOJIBKO IIpeapac-
CYyJIKH, CyeBEpHS M HEBEXKECTBO. 3a0aBHO, YTO OOBIYHO T€, KTO
cpaBHUBaeT MexaHuky HbroToHa ¢ acTposiorueit, BepsT, 4ToO
Macca 3aBUCHUT OT CKOPOCTH.

Henapuue ny6uauxkanun. J{OMOJHUTEIbHBIE CBEICHUS IO
3aTPOHYTHIM BOIIPOCaM MOXHO HaitTu B [11, 12]

O 3araaBuu. Moit xopommmit Apyr U OOJIBIION 3KCHEPT IO
TEOPUU OTHOCUTEIBHOCTH, HPOUYUTAB CIAWABI 3TOrO
JloKJaga, MOCOBETOBAJ MHE BbIODOCUTHL U3 Ha3BaHUS TEO-
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pemy IMudaropa. S He mocienoBa 3TOMY COBETY, TaK Kak
pPacCMOTPEHHUsT MPSMOYTOJBHBIX TPEYTOJBLHUKOB 0€3 MmpH-
OJIMKEHHOTO M3BJICUEHUS KBAIPATHOTO KOPHS B JIUTEPATYPE
110 TEOPUX OTHOCUTEJILHOCTH 51 HE BCTPEYaJL.

BaaronapHocTs 3a moanep:xkky. Pabora momaepkaHa rpaH-
tamu HII-5603.2006.2, HII-4568.2006.2 u POPU-07-02-
00830-a.
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BoépkeHoBckas n pekeBCKast
ACUMIITOTHKH AMIVIUTY A paCCCHHUSA
B KBAHTOBOI1 XPOMOJHHAMHKE
H CYICPCHUMMET PHIHBIX
KaﬂﬂﬁpOBO‘lHBIX MO JeJAaX

JI.H. JIunatos

1. BBexenne

B moxnazne mpenctaBiieH 00630p TEOPETHYECKUX MOAXOI0B K
HCCIIEIOBAHUSIM TJIyOOKO HEYNPYIUX JIEITOH-aJpPOHHBIX

B3aUMOJICUCTBUIA U aJIpOH-aAPOHHOTO PACCESHUSI TIPH BBI-
cokoii sHepruu B kumHeMaTuke Pemxe. Ilokazano, uto B
KBaHTOBOU xpomoauHamuke (KXJI) riarooH pemxe3oBaH, a
TIOMEPOH TIPEJICTABIISIET COOO0I COCTABHYIO CUCTEMY pelKe-
30BaHHBIX TJIFOOHOB. OTMEYEHBbI 3aMevaTesbHbIe CBOMCTBA
ypaBHeHus: banunkoro—®anuna—Kypaesa—Jlunarosa
(B®KJI) nns momeponHor BosiHOBOW ¢yHkimu B KX/ u
CYHEepPCUMMETPHYHBIX KaJIMOPOBOYHBIX Teopusix. [TokazaHo,
yto BciaeactBue AdS/CFT (mpoctpancTBo aHTH-Ae-CHUT-
Tepa/kKoHOpPMHAsT TeopHus moJist)-cooTBeTcTBUSI BDOKJI-
TMIOMEPOH 3KBHUBAJIEHTEH PEIKE30BAHHOMY I'DABUTOHY B
pacuupenHoit N = 4-cynepcummeTpuuHoil moaesu. CBoii-
CTBa MaKCUMAaJIbHON TPAHCIIEHACHTAIBbHOCTH U UHTEIpUpye-
MOCTH, peaju3yeMble B 3TOH MOJAEIH, NO3BOJISIOT BBIYUC-
JIUTh AaHOMAJIbHYIO Pa3MEPHOCTh ONEPATOPOB C TBUCTOM 2,
BILIOTH JIO YETHIPEX METEIb.

2. I'ny6oko Heynpyroe ep-paccesiiue

MHKIJIFO3UBHOE 3JIEKTPOH-IPOTOHHOE pAacCessHUe B KHHEMA-
ke bbépkena (puc. 1)
QZ

- ) ) 1
27 (1)

2pg~Q*=—¢q>— 00, x

OYeHb BaXHO, TOCKOJBKY AAaeT HPSIMYI0 HHOOPMALHIO O
pacnpeneneHuu n9(x) KBapKOB BHYTPH MPOTOHA KakK (YHK-
My oTHouIeHus ux suepruit x =|k|/|p| (|p — oo]). Heiict-
BUTEJIBLHO, B pAMKaXx KBapK-apToHHOU Moaean Peitnmana —
Boépkena [1, 2] MOXHO TOJIYYUTBb CJEAYIOIIEe MPOCTOE
BBIPXKEHHE [UIsl CTPYKTYPHBIX GyHKUMH F) »(x) aTOrO Mpo-
mecca:

LR =200 = Y 074, )

i=q,q

I7ie KBapKOBBIe 3apsiibl paBHbl Oy = 2/3, Qg = —1/3.

Oxa3bIBaeTCs, YTO MAPTOHHASI KAPTUHA BepHA M B mepe-
HOPMHPYEMBIX TEOPHSIX TIOJIs, ECJIM MBI BBEIIEM OT'PAHUYCHUE
Ha IONePEYHbIC UMITYJIbCBI HapTOHOB K| 3a cueT yiabTpaduo-
netoBoro obpesanust k2 < A% ~ Q2 [3]. B sTux Teopusx
Geryias KOHCTAHTA CBA3M o = g2 /(4m) B rIaBHOM JIorapud-
muueckoM npubsmmkennu (I'JIIT) umeet Bug

o
o Q2 — I , 3
Q) = T3 ) n (0752 )
rae o, — 3HAYCHHE 0ol B TOYKE NMEPEHOPMHPOBKHU . B

KBaHTOBOI anekTpoanHamuke (KD/1) m kBaHTOBOM XpoMo-

Puc. 1.
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