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['ennaanii IBueHkoB

K 3JIEKTPOAUHAMUKE ABUKYIINXCS 3APS)KEHHBIX YACTHLI,
«PEJSATUBUCTCKHUU» 3AKOH KYJIOHA. YCKOPEHMUE 3APSA)KEHHBIX YACTHUL]

[Mpeanoxena seKTpoAMHAMHYECKAss MOJENb JBM)KEHUS 3apsHKCHHBIX 4YacTHIl. 3 Kiaccuueckux
YpaBHEHUH AJIEKTPOJUHAMUKHA BBIBEACHBI “PEISITUBUCTCKUE (POPMYINBI™ JUIsI CHUJIBI B3aUMOJCHCTBUS JIBYX
JBWKYIUXCS 3apsijioB, Takue Kak mpeoOpaszoBanus Jlopenna, “penstuBuctckuii 3akoH Kyiona”, a Takke
GopMynbl A7 CHIIBI B3aMMOJEHCTBHS OJAWHOYHOTO 3apsa C DJIEKTPUYECKHMM W MAarHUTHBIM TIOJIEM.
[TokazaHo, 4TO HE CYIIECTBYET HUKAKOTO “PENATUBHCTCKOTO YBEJIWYEHUS MACChl’ M “pPEISTUBUCTCKOTO
3aMe/IJICHUs] BpeMEHH, a CYIIECTBYET OClIablieHHe B3aUMOACHCTBHS 3apsKEHHON YaCTHIIBI C STHMH HOJISIMH,
ABJISIOIEECS CIEACTBHEM (OPMAJIbHOTO YMEHBIICHUS BEIWYHMHBI 3apsiia TpPU JBWKCHUU 3apsHKCHHOU
gyacTunbl. [IpoaHanm3upoBaHO H3MEHEHHWE YacTOTHl KOJNECOAHWH CHUCTEMBI 3apsiioB TPH €€ IBIKCHHH.
[TokazaHo, 4TO 3TO M3MEHEHHE CBSA3aHO C YMEHBIICHHE CHIIBI B3aUMOJCWCTBUS MEXIy 3apsuamu. Bce
NpUBEACHHBIC B JAaHHOW cTaThe (POpMYIBbl BBIBEIEHBI U3 KIACCHYECKUX (OPMYI IJIEKTPOMArHeTH3Ma U He
umeroT Hukakoro otHomenus k CTO.

Proposed is the theoretical model of features oWingp charged particles based on classical
electrodynamics. “Relativity formulas”, such as é&otz Transformation formulas, “Relativistic Coulosb
Law” and formulas of interaction between moving rgjea particles and electric and magnetic fieldsehav
been obtained from classical equations of electradycs. It was shown that do not exist so-called
“Relativistic mass” and “Time Dilation”; but onlyxests the formal declination of charge of movingtjdes
affecting interaction between said charged particid electric and magnetic fields. Deviation ofjfrency
of electromagnetic wave emitted by moving chargas analyzed. It was shown that such effect ise¢halr
of weakening of interaction forces bonding movimguges. All formulas and conclusions representdten
present article are based on classical formulateatromagnetism and do not have any relation nstBin’s
Special Relativity.

KiroueBnble cJioBa: 3apana, CKOpoCThb, CHJIa, SHCPIru:Ad, IOJIC.

1. CunioBoe B3aumoeiicTBIE 3aps/1I0B

PaccmoTpum cuiioBoe B3auMoJIeWCTBUE ABWXKYIIUXCS 3apsioB. CUIOBOE B3aMMOJIEUCTBUE 3apsiiOB
OTJIMYAETCS OT B3aUMOJEHCTBUS MPOBOAHUKOB C TOKOM TE€M, UTO NMPOBOJHHUKH 3JIEKTPUUECKU HEHTpPaIbHbI, a
cBOOONHBIE 3apsnpl — HeT. TakuM o00pa3oM, cuiIa B3aWMOJEHCTBUS CHUCTEMBl JIBUKYILIMXCS 3apsiioB
CKJIJIBIBAETCSl U3 KYJIOHOBBIX CHJI U JIOPEHIEBBIX CHJI, BOSHUKAIOLINX BCJIEICTBUU JABMKEHUS 3apsi/10B, KOTaa
JBYDKYIIMNACS 3apsi/] BbI3bIBACT MOSBJICHHE MArHUTHOIO I0JIs, B3aUMOJICHCTBYIOIIETO CO BTOPBIM 3apsiOM.

[Ipennonoxkum, 4TO B3aUMOJCHCTBYIOT JIBa OJMHAKOBBIX IO BEJIWYMHE OJIHOMMEHHBIX 3apsja
(Hampumep, IBa 3JEKTPOHA), IBWKYIIMXCS OTHOCHUTEIBHO JIAOOPATOPHOH CHCTEMBbI KOOPAMHAT B OJHOM
HaMpaBJIeHUU C OJHON CKOPOCTHIO V Ha pacCTOSHUU I MapajiesbHO Apyr Apyry. O4eBHIHO, YTO B JAHHOM
cllydyae KyJIOHOBBI CHJIbI OyJyT pacTajKuWBaTh 3apsijibl, a JIOPEHILIEBBI — MPUTATUBATh. [Ipu 3TOM Kaxblii
3apsi OyJeT JIETeTh B MArHUTHOM I10JI€, CO3JJaHHOM BTOPBIM 3apsi/IOM.

CymmMmaphas cuia (MHOTIa ee Ha3bIBaroT CHitoi JIopeHIia, Tak KaK OH IEPBbI €¢ BBIBEN) OMUCHIBACTCS
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dopmynoii F, = F, +L, = qE+ o[ Vx BJ, [1]
CrietoBaTeNIbHO, JIOPEHIIEBA CHJTA TIPUTSDKCHUST JIBIDKYIUXCS 3apsiIoB (BTOPOE CIaraeMoe), KOTOphIie
NP JIBUXKEHUH CTaJId TOKaMH, OyieT paBHa (B cKasipHO Gopme):
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K}’HOHOBa CHJia (nepBoe cnaraeMoe), OTTAJIKMBAIOIIAA SJICKTPUUICCKUC 3aPAabl 6y1:[€T paBHa.
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A CKOpOCTB 3apsJI0B, IPU KOTOPOH CHJIa MPUTSDKEHUS paBHA CHJIC OTTAJIKMBAaHMS, OYICT paBHa:
1
V=—F—=C.

v €l

CnenoBatenbHO, mpu ckopocTsx V < C KyJIOHOBBI CHIIBI MPEOONIAAIOT U JISTSIIUE OJXHOUMEHHBIC
3apsipl OTTAJIKMBAIOTCS, HO IIPU 3TOM CHJIa OTTAJIKMBAHHS CTAaHOBUTCS MEHBIIE HAYaJIbHOW KYJIOHOBOW U
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YMeHbIIAeTCs IPU YBEIUYEHUH CKOopocTu V coriacHo 3aBucumoctu: Fy = %q—z(cz —Vz) (1.3)
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Tenepb BcmoMHUM, 4TO paccTosiHue I' —3T1o paccrosaue mexay JBUXYIIEMUCS 3apsaamu. Tak
4TO K€ MBI UMeeM B 3HameHatelne? [IpaBuiibHO, 3TO K€ PENSTHBUCTCKOE BBIPAKEHUE JJIST PACCTOSHUS I IS
«HenoBxKHOr0 Habmonarens». [Ipasna, B otnuunu ot CTO, 31€ch 3TO “peNATUBUCTCKOE paccTOsSHUE”
NEPIEHANKYISIPHO BEKTOPY CKOPOCTH JBMXKEHHUS 3apsi/I0B.

CnenoBaTenbHO, BRIpaXkeHHUE OYAEeT UMETh BUL

F=ted>- - 9 per=—L (1.5)
r

TouyHO Takoe K€ BBIpAKEHUE MOJy4yaeTcs MJs Cilydas B3aUMOJCTBHS JABYX OJIHOHAIPABIIEHHBIX
Pa3HOMMEHHBIX 3apsI0B (HampuMep, JBIKYIIUXCS dJIEKTPOHA U MO3UTPOHA). TOIBKO B 3TOM Ciiydae 3apsiibl
NPUTATUBAIOTCS KYJOHOBBIMU CHJIAMHU M OTTAJIKUBAIOTCS JIOPEHIIEBBIMH.

OueBuano, yro Beipaxkenue (1.5) sBisercss kak Obl 3akoHOM Kysaona, B KOTOpoM (UTypUpyeT
«PEeIIITUBUCTCKAS JAJIMHA.

Opnako, k CTO »5T0 BbIpaX€HHWE HE HMMEET OTHOIIEHHWS, TaK KaK OHO OBbUIO BBIBEACHO U3
KJIACCMYECKUX YpaBHEHUH anekrponuHamuku. [lomydaercs, 4ro mpeoOpas3oBanue JlopeHIa opraHuyecKu
BXOJIIT B ypaBHEHUs MakcBe/la U HE YIUBUTEIIBHO, YTO STH YPABHEHUS WHBAPUAHTHBI OTHOCHUTEIBHO
npeoOpazoBanuii JIopeHra.

Beipaxenue (1.5) 00bsicHsICT B3aUMO/ICHCTBHE IBYX JABMKYILUXCS 3apsIIOB U CUCTEMbI 3apsioB. B To
K€ BpeMsl SKCIIEPUMEHThl MOKa3blBAlOT, YTO M OJMHOYHBIA JBIKYIIUHCS 3aps] B MarHUTHOM U
JIEKTPUUECKOM II0JIe MEHSET CBOIO TPAEKTOPHUIO, KaK Obl YBEJIMYMBAsACH B Macce. DTO ObLIO, B YACTHOCTH,
MPEVIOKEHO DUHIITEHHOM M ceiiyac sBisieTcss oOmenpu3HanbiM. Ho 5TO0 Takke MOXKHO OOBSCHUTH
ocabJIeHUeM CHIIbI, ICHCTBYIONICH Ha 3apsi/i B ATHX MOJIsIX. Ho moyemy 3To mporcxoauT?



[MpeoOpasyem Beipakenue (1.4) i ABYX OJTMHAKOBBIX 3apsA0B ( AajblIie:
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V2
rae g, =q 1/1—3 (1.6).

Takum o0Opa3oM mnoJiyyaercsi, YTO NPH JABMKEHHHM 4YacTHLIA Kak Obl TepsieT CBOM 3apsj,
KOTOPbIii MOJHOCTHIO Hcye3aeT npu V = C.
Hanee, misi ABYX 3apsoB Pa3HOM BEJIMYWHBI, JBIDKYIIMXCS C OJHOM CKOPOCThIO V Toiydaem:

V2
0,9, 1_F
F=_1t -1 9.8 (1.7).
* A, r2 arE, r?

A, Taxoke, A1 IBYX 3apsA0B, ABHXKYILUXCS € pa3HOl ckopocTbio V) u V,:
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F. = ’ 1.8
t A, r2 (1.8)
V2 V.2
rae Oy = Gl 4177 | 1 G = G| 1
Ecmu onun 3apsig venogsmxed (V, =0), To popMyna npuHIMaeT BUA
V2
G| 41— =5
_ 1 . V7
F, = 7z, z =k, 1_F (1.9),

rae F;, - KynoHOBa cua Ui IBYX HETIOABIKHBIX 3apsiioB (hopmyna (1.2)).
371ech HYXHO OTMETHTh, 4YTO B OONIEM CIydae pacCTOSHHE MEXIy 3apsjaaMu [, sBISETCS

MEPEMEHHBIM, TaK KaK 3apsiJibl IBUXKYTCS OTHOCUTEIBHO IpyT npyra. Kpome Toro, B ciiydae, Korjaa BeKTopa
CKOPOCTH 3apsJ0B He mapauienbssl, B popmynsl (1.7) u (1.8) Bxoaut cos® (F =F,cos0), rae © - yron

Mexy BekTopamu V, u V.

[Tpu aBWwKEeHMM 3apsiga B OAHOPOIHOM DIICKTPUYECKOM I0JI€ ¢ HAMpsDKEHHOCTHIO E, KoTopoe co3maeT
3apsKEHHAs MIOBEPXHOCTD C PACIPE/ICICHHBIM 110 MIOBEPXHOCTHU 3apsaoM (3JCKTPOJI), CHila B3aUMOICHCTBHUS
JBWDKYILETOCS 3apsijia C TIOJIeM, OTIATh K€, YMEHbBIIACTCS Ha “PEIITUBUCTCKUNA KOAPPUIIHEHT

V.2 V2
R =F, 1—C—12 =Eq Jl—é

@®opmynsr (1.5, 1.7, 1.8u 1.9) noiaHOCTBIO OOBSCHSIOT OCIAOJICHUE B3aMMOJCHCTBUS W JBYX
JBWDKYIIUXCS 3apsI0B MEXKIY COOOH M OJMHOYHOTO JIBHKYIIETOCS 3apsija C AJIEKTPUYECKUM U MarHUTHBIM
MOJISIMH.

OU3NYECKUM CMBICIIOM  YIOMSIHYTOTO OCHAONeHHsT CHJBl TNPUTSHKCHUS WIA — OTTAJIKHBAHHS
JOBUKYIIUXCSL 3apsA/IOB  SBJISAETCA B3aMMOJICHCTBUE SJEKTPUUYECKOTO W MArHUTHOTO IOJIEW 3apsiioB,
(hopMabHO KaK Obl YMEHBIIAOIIEE BEIMYUHY JBIKYIIETOCS 3aps/a.
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CooTBeTcTBeHHO, paboTa, MOTpayeHHas Ha pa3/AeiICHHE OJMHAKOBBIX JBIDKYIIUXCS 3apsiIioB
Q, =0, = q upu yJaJeHHH UX B OCCKOHEYHOCTH (CuuTas 3apsi PaBHOMEPHO PACIPEACICHHBIM 10 00BEMY

3apsHKEHHOM YaCTHIIBI) OTPEICISIETCS KaK:

_ T _ 4 fdr @ T _( 1) qQ _( 1] g Vv?
E,=E.t+Er=| Fydr=——|5+——=—|rdr=|1+= |——=| 1+— 1-—
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(12.10)
q2 VZ
005t =———| 1-— | 6e3 ydeTa BTOPOrO CJIaraeMoro,
ST amr| ) C e e
2
rae, omATh ke, g, =q| /1-— |, a R —paguyc 3apspkeHHOl yacTuipl. B nanHOM cityuae, onsTh ke,

C2

CHHUTACTCA, 4TO 3apsaabl UMCIOT TY K€ BEJIMYUHY (Oﬂ = q2 = C]) " ABUXYTCH C TOH Ke CKOpPOCTBIO V.
Tor;[a SHEPTHUA BbIXOJa ABUIKYIICTOCA 3apsaia q U3 MOJII ABWXKXYHICTOCA CAUHUYHOI'O 3apsiia € q =1
Kn (OHa (baKTI/I‘leCKI/I ABJISICTCA HOTGHHI/I&JIBHOﬁ 3H€pFH€fI QJICKTPUYICCKOTO ITOJIAI ABUIKYIICTOCA 3apsaaa q\/)
q (,_V° . a (,_V
aE,R\ C) "t am,R\T C
He TpyaHO BHOETh, YTO €CIIM MOACTABUTH BBIPAXKCHUE JUIs JBIKYIIerocs 3apsaa (1.6) B ¢popmyiry
CHJIbI KyJ'IOHa (12) Ui B q)OpMyJ'Iy CHIJIbI .HOpGHI_Ia FI = CIVB, TO B PE3YJIbTATC IOJYYaTCA BBIPAXKCHUA IJIA

(1.11)

Oyner npubnu3uTenbHO paBHa Eg =

CHJIBl  B3aMMOJEHCTBHS JBWKYIIErocs 3apsiia B OTHX IMOJSAX, T[OJHOCTHIO COBMAJAIONINE C
“pensituBuctckumu’. EcrectBernno, k CTO 3To HE MMeEeT HUKAKOTO OTHOIICHHS.

Co0oTBEeTCTBEHHO, BCSI TaK Ha3biBaeMasi “peJATHBUCTCKAsi MeXaHHMKA’, OCHOBaHHasi Ha
“ peJIITHBHCTCKOM BO3PACTAHHM MACChl” H “ peJISTUBHCTCKOM H3MEHEHHH X012 BpeMeHH B IBH:KYIIei
cucTeMe KOOPIAMHAT ', He HMeeT HHYero 001Iero ¢ IeiiCTBUTEIbHOCTHIO.

Teneps mpocleauM 3a BHIBOJAOM “Benudaiimeil GopMynsl Bcex BpeMeH u Hapoaos” E =mC mo
marepuainy “Teopun mons” JI&JI ([2], ctp. 43 - 45).Kcrary, atoT BeIBOA “mo0 ymosrwanuto” (y JI&JI mHOTO
4ero “Io yMOJTYaHHI0') OTHOCHTCS K He3apsDKEHHOM YacTUIIe HE HAXOSIICHCS B MOTCHIIUAIBLHOM IOJIE.

HaunewMm ¢ “pensaTuBHCTCKOTO” NarpaHxuaHa.

WNHuTepBan BpeMeHu B IBUXKYIEHcsa cucteMe koopauHat corsiacHo CTO pasen

[ 2
t,—t, = At =& wi dt' =d 1—V
V? C
A
b ty
JleiicTBue a1t cBOOOIHOM YacTUIBI paBHO S = aJ' ds=J‘ Ld, rae a - Hekwmii k03 duUIHEeHT.
a t
V2

W3 >Tux BeIpakeHUH NOTyvaeTcs “ pensITUBUCTCKU narpamkuan” L =-aC 1—3 .

mV?

Jlanee myTeM HECIIOKHBIX MPeoOpa3oBaHuil (CpaBHEHUEM C KIIACCHUYECKMM JIarpamkuanoMm L =

npu C - o) onpezessieTcst IOCTOSIHHAsT &, KOTopasi oka3biBaeTcsi paBHa a = mC.

VZ
Jlanee narpamkuan “npespamaerca” B L = -mC? 1—F .
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\
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L Iojry4acm “peHﬂTI/IBI/ICTCKOG BLIpa>I<eHI/Ie" JJIsL OHCPIrun CBO6OI[HOI\/’I HJaCTUIbI
V2
1- &

ry mC’ N ; .

E=pV-L= ——— I3 KOTOPOH ClIe/yeT “camast BeinKas dopmyna Bcex Bpemen u Haponos” E=mC -
1——C2

“sneprus nokos” pu V =0.
OueBuaHO, yTo ecau dt' = dt m M= m = CoONS, To BeCh ITOT “BHIBOJ” PACCHINACTCS U 3Ta “IHEPrHs
mVv? _ mV?

2

Takum o6paszom, 5Ta “Benuuaiiimas GopMyna Bcex BpeMeH U Haponos”, E =mC’, koTopyio muimyT
Ha 3a00pax M KOTOPYIO 3HAET KKl JBOPHUK W PEOCHOK B JETCKOM Caiay, SIBISICTCS MPUHIMIIAAIBHO
HETPABWILHON U dHEprus MOoKosimerocs (He3apsHKeHHOTO U HE HAXOMSANICHCS B MOTCHIMAIBHOM I10JIE) Tella
paBHa Hymo. U, BooGme, B ¢opmyje 3Heprum He3apsKeHHOTo Tejda (YACTHIBI) He JO0JIKHA

(l)I/IprHPOBaTb CKOpPOCTH CB€Ta C, TaK KaK OHa MOoABJIACTCHA TOJIbKO B YPaBHCHHAX

1
yiekTpoaunamMuku. C = f

EO/'IO
CrnenoBaTenbHO, HET HUKAKOTO TMEpexo/a MacChl B SHEPrHi0 M oOpaTHO. Hampumep, kimaccudeckas
KYJIOHOBA DHEPTHUs pa3jieieHUs “BUPTYaIbHBIX YACTUI[ — Map JJIEKTPOH — IMO3UTPOH (OHA YKE W SHEPTHs MX

rr
nokos” paBHa Hymo: E = pV- L= mVf -

, COOTBEeTCTBEeHHO, E,_, =0.

1x10% J
aHHUTWBIMK) paBHa mpumepao 50% (————— =) or E=2mC* [5]. To ectb E._=m C wm
uuu) p pumep 0 (1'78x1013\]) mC [5] ann = ML
2 m C +m)C
E -mc +—L :(me mp) :ZrQC? =2E,, (Tak kak m,=m, ). DTO 3HAYAT, YTO OSHEPrUs

an 2 2 2 2
AHHUTWIISILIMY paBHA KMHETUYECKOH SHEpruu mnapsl, pasoraantoit no C.
W, xpome TOro, 3Heprusi aHHUTWIALMHA W APYTHX 3apSOKEHHBIX YaCTHIL, HAIpUMEP, MPOTOHOB M
aTOMHBIX siziep, (0e3 yueTa BO3MOKHOTO y4acTHsl BHYTPHATOMHBIX CHJI) 3aBUCHT TOJIBKO OT HMX 3aps/a, a He

oT UX Macchl u onpezensercs 1o Gopmyie
00 2 2 r 2 2

E_.+tE. :.[ FEdr= a4 d—zr +q—6.[ ridr L N cumTas 3apsin PaBHOMEPHO
5 ATE L 17 ATES Sdey AES

pacupCacJICHHBIM I10 O6’b€My 4acTulpbl, ra¢ ( —3apsa 4aCTUllbl, I - €€ paauyc [5]
HpI/I AHHUTWIOUW, HAIIPUMCED, 3JICKTPOHA U IMTO3UTPOHA, OHH KaK OBI BXOZAT APYT B Apyra. HpI/I 9TOM
MNOJIHOCTBKO KOMIICHCUDPYCTCA 3apsid U MarHUTHBI MOMEHT U OCTaeTCs TOJBKO Macca mapbl 2me " Iiapa

CTaHOBHTCSI HeHaOMoaaeMoii. Kpome Toro, orcyrcTBre (KOMITEHCAIUS) 3apsi/ia JIejiaeT €€ BCePOHUKAIOMICH
U HaJM4YUe TAKUX Map MOXKHO OMPEICNIUTh TOJBKO M0 HX MOJISIPH3AIUU B 3JCKTPUUESCKOM U MarHUTHOM (B
cllydae JBVDKEHHS TMapbl) MOJSIX. DTO JElaeT CPeay, COCTOSANIYI0 W3 DIICKTPOHHO-NO3UTPOHHBIX IMap,
peallbHBIM KaHAMJATOM B TIOCPEIHUKHA TPU PACIIOCTPAHCHHH DSJIEKTPOMArHUTHOW BOJHBI 3a CUET
nepensnyueHus [5]. Kpome Toro, takas cpema MOXKET UMETh JOBOJIHO MPHIMYHYIO IJIOTHOCTh M OBITh
COCTAaBIISIFOIICH “TeMHOU MaTepun’, HEIaBHO OTKpPBITOH actpodusukamu [5)]. [Tomxyuaercs, uto a¢up (oH xe
(GU3MUECKUIl BaKyyM) COJCPXKHT BIIOJIHE pealibHbIC AHHWTHIIMPOBABINUE MApbl, YTO MOITBEPKICHO
AKCHEPUMEHTAIILHO.

Tax wHa3pBacMbIid “meeKT Macchl’, pealbHO HAOJIOJACMbIH, HalpuUMep, MpU pachajie sapa
(uckycctBenno “mputsHyT’ K CTO), MOkeT ObITh OOBSCHEH YXOIOM W3 CHUCTEMbI (AaTOMHOTO spa)
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ANEKTPOHHO—TIO3UTPOHHBIX Tap, MMEIONIMX Maccy 2IT, , KOTOpble TaM NPHCYTCTBYIOT M MIPAlOT IOKa

HEM3BECTHYIO POJIb B CTPYKTYpE sipa. CBUACTEIHLCTBOM HAJIMYUS TAKUX Tap B AJIpe SIBISETCSl OeTa-pacra ¢
ANIEKTPOHHOM M TO3UTPOHHOM sSmuccuei. OYeBUIHO, YTO DJIEKTPOH M TO3UTPOH HE MOTYT OBITh
“BpIpaboTaHbl” B fAJIPE, & MOXKET TOJBKO MPUCYTCTBOBATH TaM B COCTaBE YMOMSHYTHIX map. B wacTHOCTH,
BCJIE/ICTBUU BBIXOJIa 3JIEMEHTOB Iapbl U3 siipa Mpu OeTa-pacnaje, U3MEHseTCs 3apsa]l sSApa U YMEHbIIAeTCs
ero mMacca.

Kpome toro “6 mpakxmuueckux npumenenusx npespaujeHue SHepeuu NOKOS 8 IHEPIUIO U3LYYEHUs
PEOKO Npoucxooum co cCmonpoyenmHou s¢gekmuenocmoio. Teopemuuecku cogepuieHHbIM npespaujenuem
ObLI0 ObI CMONIKHOGEHUe Mamepuu ¢ anmumamepueli, OOHAKO 8 OOJILUUHCIEE CYYUaAe8 6MeCmoO U3 YEeHUs]
B03HUKAIOM NOOOUHbIE NPOOYKMbL U BCAEOCMEUE D020 MOJILKO 04eHb MAN0e KOIUYeCmB0 dHepeUul NoKos
npespawaemcsi 6 sHepeuro usnyuenus” [4]. Hampumep, npy aHHUTHISIMUA TApbl MPOTOH - aHTHIIPOTOH
KpOMeE U3JTy4eHHsI 00pa3yroTCsl HECKOJIBKO T — ME30HOB.

2. 00 yckopuTeJIsiX 3apsisKeHHbIX YaCTHI]
B kauecTBe mpumMepa B3auMOJICHCTBUS JBIKYILETOCs 3apsijia ¢ mojeM, nojcraBuM Boipakenue (1.6)
B (hopMyny Ui IIeprojia 0OpalieHus 3apsUKeHHOM YacTULBI B OTHOPOJAHOM MAarHUTOM TOJI€:

m
2
T:Z_ITE :2_7T—m :E—:Eﬂ (21)’
Bla ] B V2 B q B ¢
q 1‘?
3,[[605, IIpU KEJIaHWU, MOXHO YBUJACTb TAK HA3bIBACMYIO “peHﬂTI/IBI/ICTCKyIO Maccy" m/ =
V2
o

- (cm. [1] ctp. 487).Ho o4eBuaHO, 4TO Macca 3apsHKCHHOM YaCTUIIBI MIPH IBMIKCHUHM HE BO3PACTaeT, TaK Kak
Macca 3apsKeHHOr0 Tella HUKAK He BXOAUT B MCXoaHble Bhipa:kenusi (1.1) m (1.2) xak u BO Bce
BBIPA:KEHHS JJIEKTPOAUHAMHKH, W MOJyYeHHasl “ peJIATHBUCTCKAasA Macca’, KOTOpas HUIPaeT o4YeHb
BAKHYIO POJIb B TAK HA3BIBAEMOIi “ peJIITHBHCTCKOI MeXaHUKe”, peaJbHOro Gu3n4ecKoro cMbIcjia He
uMeeT U ABJsieTcs] GUKIMe.

B TO xKe BpeMs BBIPKCHHE (2.2) MOYHO NPECTABUTh B BHUJIC
T:2_7T m :2_7T —m :ET_rn (Z:h)’
B|q B V2 B q
q 1‘@
L : i
rae ¢, = 1—; - “ocnabnennpiii” 3a cuer aBwkeHus 3apsaa (cMm. dopmyny (1.6)). IIpu stom

Macca 4acTUIBl OcTaeTcs Henm3MeHHOH. ClieoBaTenbHO, W3 332 YMEHBIICHUS ACHUCTBYIONICH BETHMYUHBI
3apsifia, Ui MPOJIOJDKEHUS pasroHa 3apsHKeHHOW YacTHIBI 10 “PENISTUBUCTCKUX CKOPOCTEH  MPUXOIUTCS
YCUIIMBATh HATPSDKEHHOCTH Tosieil. Kak MOXHO BHJETh, BCICICTBUH TOTO, YTO B BhipaxkeHuu (2.1) macca m

U 3apsaa ( oOpaTHO MPOMOPIUOHAIBHBI JIPYT JPYTy (le), 06e ¢GopMynbl OJUHAKOBO OMHUCHIBAIOT
q

JABUXKCHHC 33.p$DK€HHOI\/’I qaCTHUILIBI. Ho pasHuna 3A€Chb IOJIYy4YacTCsA MNPUHOUIIKMAJIbHAA, YTO HAIIPAMYIO
CKa3bIBACTCA HA DHCPTCTUICCKUX paCUCTax YCKOPHTGHGﬁ.
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Takum 00pa3oM, 4YTO K€ MOIy4aercs? BBIXOAWUT YTO HSHEPreTHYECKHUE pacyeTbl YCKOpUTEIeu
NPUHIAITHAIEHO HE BEPHBI?
A Temneps BOIIPOC, MHTEPECHO, BO UTO YK€ BKIIA/IBIBACTCS SHEPTHS B YCKOPUTEISAX ?
Tam, omare ke, MpeANnojarajoch, 4YTO TMPU “PEIITHBUCTCKUX CKOPOCTSAX BO3pacTaeT macca

. Vv
3apsDKEHHOM 4acTULBl M, COOTBETCTBEHHO, €€ KUHEeTudeckas »Heprusa. Hampumep, npu E=O.999

V2
1_3 = 0.04t u macca YBCINYHUBACTCA B 22,4 pasa. Tak kak macca He BO3pacCTacT, TO HCTHHHAasA

KHHCTUYCCKAsT OHCPIrus YaCTUIbI 6y1:[€T B 22,4 pa3a MCHbBIIC O)I(I/I,I[aeMOfI. MakcumalibHass BEJIMYMHA
2

KMHETUYECKONW SHEpruM dyacTuiel Oyner paBHa W = , kak Obl ee He pasronsuid. Hampumep,

mC® _ 9.1x10%x % 10°

MaKCHMallbHas KHHETHYECKas SHeprus »JeKTpoHa Oyner paBHa W = > > =4.1x10™
4.1x 10"
Jx nm —1 6x 107 =2.6x 10 3B wim 0.26 MaB. Cunraercsi, 4To pu pasrone aekrpoHa 10 0,5 M»aB mMacca
6%

BO3pacTaeT MPUMEPHO B 2 paza (ﬂ) a ipu pasrone 10 10 Map — npumepro B 28 pa3 (4). Eciu xe macca He

BO3pacTaeT, TO SHEPrUsl PAa30THAHHOTO JJIEKTpPOHAa Tak W ocraercs mnopsaka 0.26 M»ss. CraHoBuTCs
MOHATHBIM, TOYEMY JJIEKTPOH, PAa30THAHHBINA /10 “O4YeHb OOJBIIMX JHEPTrUi’, B aTOMHBIX PEAKIUSIX HE
Yy4acTBYET.

CoOTBETCTBEHHO, MaKCHUMalibHasi SHEprus npotoHa OyneT mopsaka 500 Mae unmu 0.51B u HE 0
kakux yckopurenasix Ha 200u 1000158 Ha yacTUIly TOBOPUTH HE MPHUXOIUTCS. DHEPTHUS Ke “BroHIETCS B
JIEKTPUYECKUE U MarHUTHBIE TOJISI ¢ KOTOPHIMU YaCTHUIA NPU OYEHb OOJIBIINX CKOPOCTSAX MPAKTUUYECKU HE
pearupyer.

Ho 31ech He00X0AMMO OTMETHTB, YTO NPU Pa3roHe 3apsiKEeHHBIX YaCTHL /10 “ PeJSITHBUCTCKUX
CcKOpocTeli” mMoJIyyaeTcsi MHTEPeCHBbId M o4YeHb BaxHblid 3¢ dekt. [eso B TOM, 4TO NMpH TAKHX
CKOPOCTSIX YacTuua (HampuMep, MPOTOH) KAaK ObI TepsieT 3apsi/i, CTAHOBUTCS KBAa3MHEHTPAJIbHOWH U
MOZKET CBOOOHO MPOHUKATH B BellecTBO (KaK HEMTPOH), IPeoI0JieBas KyJIOHOB SHEpreTHUeCKUi Oapbep
U TMPUHOCS C COOOM CBOIO KHMHETHMUYECKYIO0 JHEpruto. Takum o00pa3oM pa3orHaHHas YacTUIA MOXKET
WHUIIMUPOBATH SACPHBIC PEaKIUH, TaKUe, HApuUMep, KaK CHUHTE3 TsDKENbIX dJIeMeHTOB. U, yem Oosbie
pa3orHaHa 4acTHIIa, TEM MEHBIIE ee IEHCTBYIOIUH 3aps1 U TeM OOJIbIIe ee MpOoHUKaromias crnocoOHocTsh. To
XKe, eme B OOJbIICH CTENEeHH, OTHOCUTCS K YCKOPUTEISIM Ha BCTPEUYHBIX Iydkax, TeM Ooiiee, 4yTo 00e
CTAJIKUBAIOIUECS] YaCTUIBl CTAHOBSTCS KBAa3HMHEUTPATbHBIMU U TOTCHIUATBHBIN Oapbep NPaKTUYECKH
otcyrctByeT (cM popmyist (1.4, 1.5)).

Tenepb onpeaeaum, Ha YTO Ke, BCe TAKH, PACXOAYeTCsl JHEPrusi yCKOPHUTEJIs.

Kak 6p110 ynomsinyTo BhIe, cormacHo CTO macca yacTHIIBI IPU pa3roHE B YCKOPUTENE PACTET, €€
KMHETUYECKasi JHEpPrusi BO3pAacTaeT M, NPU CTOJIKHOBEHUM C MHUUIIEHBIO, YacThb €€ pPACXOAyeTcs Ha
NpPeoJI0JICHHE MOTEHIMAIBHOTO Oapbhepa. Bor Ha 310 (omsaTh e, cormacHo CTO) m yXomauT sHEprus

Ve Ve
2 V2
1_ ey 1_ ey
C 00 C
yexopurens: Wi, cro~ A9 = Wy cro it > - 47;0 ; = > (2.2),

rae (, - 3apsij 4aCTHUIBI, TOTCHIHAIBHbIH Oapbep KOTOPOil HYXKHO MEpOR0IeTh (IPHOIU3UTHCS K HEll

Ha pacCTOSHUE I ), ¢, = CONS! - 3aps] pa3OorHAHHHOM YacTUIBI, M= f(V) - “pensTuBHCTCKas macca’



m, 2
Zkin
V2
1-=
C
YaCTHUIIHI, VVZkin—CToz > - IIOJTHasAT KUHCTHUYECKasA DHEPrusd YCKOPCHHOW YaCTHLBI C YUYETOM
m, 2
2 Vkin
V
1-=
C
BO3pacTaHusa MaccChl, Wkin—CTO:f KHMHCTHYECKas JHEPIrus, OCTaBLIAACA IIOCJIC IIPCOLO0JICHHA

MOTEHIIMAJILHOTO Oapbepa.

B TO0 e Bpems, COINIACHO »BJIEKTPOJUHAMMYECKOW MOJENM, ONHUCAHHOM B JIAHHOW CTaThbe,
KMHETUYECKAasi SHEPTUs YaCTHIIBI TIPU pa3roHe 10 cKopocTei 0nm3kux K C mpakTHYeCKH He BO3pacTaeT, Tak
KaK HE BO3pacTaeT €€ Macca, HO IPH ITOM YMEHBIIAETCS BEJIMYMHA 3aps/ia, YTO MOMOTaeT MPeooJIeTh
MOTEHIIHMAJIbHBIN O6apbep.

2

V2_Qoq1 1‘? mV/2

BoT Ha 3T0 ¥ yXOJIUT 3HEPrUsi yCKOPUTEIS: < =—n (2.3),
2 471 2
VZ “ i’ i ka|2n
rie m=cons, Q,/l-— - “ocmabnenHbli” 3apsan pasorHaHHod uwactunbl, W, =——" -

c? no2
KMHETUYECKAasi SHEPTHsI, OCTABIIAsACS y pa30rHAHHOM YaCTHIIBI TTOCIIE MPEO0I0JICHHS TOTEHITHATBHOTO 0aphepa.
2
Teneps yMHOKHM IIPaBYIO U JIEBYIO YacTH BeIpakeHUs (2.2) Ha 1_F . B pesynbprare noayyum

2

Qo % T2
n"](.)\/szin _ C2 = na\fn
2 4reE,r 2
AIIEKTPOIUHAMHUYECKON MOJCIH.

To ecTp, PHEPTHS YACTHIIBI, TPOLIEANICH KYJIOHOB Oaphep MOJIydaeTcsi B TOYHOCTH TaKOM ke, Kak U B
ciydae “BO3pacTaHusi Macchl’, HO BOT Macca-TO HE BO3pPACTaeT, a SHEPrus YCKOPHUTEIS YXOAUT Ha
HEeWTpanu3anuo 3apsaa aBrkymeics dactunsl. [lpu V = C BTOpoil wieH (3HEprusi MOTCHIUAIBLHOTO

mC?
2
MaKCHUMAaJIbHO BO3MOXKHOW YHEPTHUEH pa30rHAHHONM YaCTHIIBI, TPOMIEIIICH MOTEHIIHAIbHBIN Oapbep.

TakuM 00pa3oM, pa3roH 4YacTHI[ JO “PEIATUBUCTCKUX CKOpocTed” wuMeeT Qusnyeckuii (u
MPaKTUYECKUIT) CMBICII, HO COBEPILICHHO JPYTOi, YeM TOT, KOTopklii emy npunuckiBaet CTO.

A, onsareb ke, kK CTO ¢ ee “peasiTHBHCTCKOI Maccoii” M “peJAITHBHCTCKHUM BpeMeHeM~ JTOT
BBIBO/JI He MMeeT HUKaKoro orHomenus. U sto ve anerepuarua CTO, a peadbHOCTh, TaK Kak (HOPMYIIBI
anekTpoauHaMuku uMmeet npuoperet nepea CTO moroMy, 4To oHM ObUTH MOTYYEHBI 33100 0 DUHINTEHHA,
u, cootBeTctBeHHO, CTO sBisiercst “nuirnedt (JI0XKHO#M) CYHNIHOCTBIO”, WM, BBIpaXkasch s3bikom PAH, —
JDKEHAYKOM.

, YTO TOJHOCTBIO coBmamaet ¢ Gopmyioii (2.3), BEIBEACHHOW U3 (HOpMyIT

N »10 saBnaercsa

Oapbepa) CTAaHOBHUTCS paBHBIM HYJIIO M, Kak ObUIO OTMe4YeHO Bbime, W =

3. K Bonpocy 0 KHHeTHYeCKOi YHEPTrul MPOTOHOB CBEXBBICOKHX dHEPruii
Kak ObuT0 TOKa3aHO BBINIC, MAKCHMAJIbHAs KUHETHYECKAs DHEPrUsl 3apsHDKCHHOW YacTUIBI paBHA

mC?

Wi, :T. [Ipn 3TOM Macca 4acTHLBI HE BO3pPACTAET, a TOJIBKO YMEHBIIAETCS ACHCTBYIOIIAs BEJIMYMHA

3apdgda W, COOTBCTCTBCHHO, OJOHCPIrus €€ OJICKTPHUYCCKOTO W MArHuTHOI'O oJje. COOTBGTCTBGHHO,
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YMEHBIIAETCS KYJIOHOBA CHUJIa B3aMMOJEHCTBUS ABMKYLIEHCS 3apsSKEHHOW YaCTHIIbl C APYTUMU 3apsIaMHu.
Takum oOpa3om, YacTHIlA CTAHOBHUTCS KBA3WHEUTPAIBHOW M MOXKET MPOHHUKATh 4Yepe3 IHEPreTUYeCcKui
Oapbep, BbI3bIBAs SJIEPHBIE PEAKIINH.
JIONIOJTHUTENBHBIM TOJTBEPKACHUEM 3TOMY SIBIISIIOTCS pPEe3yNbTaThl HAOMIOACHMH KOCMHUYECKUX

JTydei, TIpH KOTOPBIX OBUIH 3aperHCTPUPOBAHBI MPOTOHKI ¢ 3Heprueit B 3x107° 5B, To ecTh Kaxaas Takas
gacTHuna OyaTo Obl UMeeT KHHETHYeCKyto sHepruto B 19 /I, koTopas 1mpu MOrjomeHn: HEKUM MaTepHaioM
JI0JDKHA BBIACTHTH Ty SHEPTHIO B BUJIE TEIUIA B OYeHb MaoM o0beme. [Ipu TOpMOKEeHHH TaKoil 4acTHIIBI B
atMocepe oOpasyeTcs TMBEHb U3 MIJUIMOHOB BTOPUYHBIX YACTHII, HO B TBEPAOM TEJ€ SHEPTUs ITUX YACTHII,

TaK MIM MHAuye, OyJeT mpeoOpasoBaHa B Temto. Takum 06paszoM, mpoToH ¢ sHeprueit B 3x10° 5B (ecTs
TaKXKe MPEANOJOKEHHE, YTO 3TO HE MPOTOHBI, a PAa30THAHHBIC SApa ATOMOB jKejie3a) JOJDKEH ObLIT Obl
MCXAaHUYCCKHU MOBPEANUTD IMMPUCMHUK WJIM OCTaBUTH Ha HCM 3aMCTHBIC CJICObI.

“Cosmic ray particles with even higher energies sinee been observed. Among them was the Oh-
My-God patrticle observed on the evening of 15 Gatd®91 over Dugway Proving Ground, Utah. Its
observation was a shock to astrophysicists, whmestd its energy to be approximately 3516V (50 J) —
in other words, an atomic nucleus with kinetic gyeequal to that of a baseball (5 ounces or 142ngh
traveling at about 100 kilometers per hour (60 mipky]

Ho nukakux CJIICJO0B MCXaHUYICCKOI'O BOBI[GfICTBHSI HC 3apCTUCTPUPOBAHO, TAK KaK 3TH 3x 1020 ’B —
9TO (1)I/IKTI/IBH215[ OHCPIrus, U3MCPCHHAA I10 MarHUTHOM MCTOIHNKE (OTKJ'IOHGHI/IIO Sapﬂ)I(eHHOfI qaCTULbl B

MarauTHoM nojie). U atu 3x10° 5B - ecTh sHeprus, MoTpadeHHas HA KOMIIEHCALMIO 3apsja, a peajibHas
KWHETUYeCKasl SJHEPrusl TAKOTO pa3orHaHHOTO MpoToHa paBHa S00 M»B u He Gonbmie. COOTBETCTBEHHO, OH
HE MOXKET HAHECTH BUIMMBIX MOBPEXKICHUI NaTUMKy (OCTAaBUTh MEXaHUYECKHUE Clie/bl Ha MulneHn). Takxke
OTMEYEHO, YTO TaKM€ YacTHIbl NPUXOJAT HE M3 Hallledl TaJakTHKH, a OTKyAa-To u3jaaiexka. CoriacHo
CYIIECTBYIOUIMM MOJEISM B3aUMO/ICHCTBUS 3JIEMEHTAPHBIX YACTHII, TAKUE BBICOKOIHEPreTHUECKHUE IPOTOHBI
JIOJDKHBI OBLTH OBI JaBHO TOTJIOTUTHCS MEK3BE3IHOM cpeoit (paccesTcs Ha GOTOHAX (POHOBOTO M3ITyUCHHS)

u oHn, cornmacHo npeneny 13K (5x10°5B), TeopeTHueckn He JOKHBI GBUTH OBITH 3aperucTpupoBansl. Ho
3TOT MAPAJOKC MOXKHO OOBSCHUTH TE€M, YTO 3apsiji 3TUX HPOTOHOB (WM sep 3JIEMEHTOB) (DaKTUYECKU
OOHYJIEeH M WX TNPOHMKAIOIIAs CIOCOOHOCTh TMPAKTUYECKH Takas >Xe, Kak y HeWTpuHo. Kpome Toro,
KBa3MHEUTpaJIbHBIE YaCTUIBI ‘IO OMpPENEICHHI0” HE MOTYT B3aMMOJCWUCTBOBATH C AJIEKTPOMATHUTHOMN
BonmHOW (poronamu) m it Hux mnpenen ['3K He paboraer. [lanmee, W3BECTHO, YTO TaKHE YaCTHUIIBI
PETUCTPUPYIOTCSL KpaiiHEe peAKo, YTO, TNO-BUAMMOMY, TOBOPHUT O KpailHE HH3KOH BEpOSTHOCTH WX
B3aUMOJICHCTBUS C BEIIECTBOM (CKOpee BCEro, TAKOM ke, KaK Y HEUTPUHO). MOXKHO TaKkKe MPEANOIOKHTb,
YTO HA CaMOM JeJie TUIOTHOCTh MOTOKA TaKMX YACTHIl BEJIMKA, HO PETUCTPUPYETCS TOJIBKO HUYTOXKHAS HX
YacTh.

KcraTn, Takue mpoTOHBI NpU B3aUMOJICHCTBUHM C MEXK3BE3THON CpPEIOd MOTYT BBI3BIBATH SIICPHBIC
peaky CHUHTE3a 00Jiee TKEIBIX DJIEMEHTOB M HAJIMYHME TSDKEIBIX DJIEMEHTOB BO BceneHHOM sBisercs
CIIEJICTBHEM 3TOTO MEXaHM3Ma, a HE TOJBKO SIJCPHBIX PEAKIMi NMPU B3PHIBE CBEPXHOBBIX, TEM OoJiee, UTo
B3pPBIB CBEPXHOBOW (M peakiMu CUHTE3a MpPHU ITOM) MPOTEKAeT B TEYCHUM [JHEW, a BpeMs CHHTe3a
CBEPXIHEPTreTUIECKHUMHU MTPOTOHAMHU HE OTPAHHUYEHO U COCTABIIICT MUJLTHAP/IBI JIET.

4. YacToTa KOJeOaHUii cCTeMBbI 3apPS/I0B NMPH <PeTATHBUCTCKUX CKOPOCTIX»

PaccMmoTpennslii B paszgene 1 4acTHBIN ciiydail B3amMmojeiicTBusi aByX 3apsaoB (hopmyrna (1.5))
uMeeT OOJbIIOE IMPAaKTUYEeCKoe 3HadeHue. Jlemo B TOM, 4TO B JBYXKYILICWCS CHCTEME 3apsIoB 4acToTa
KOJICOAaHUI CHUCTEMBI YMEHBIIAETCSI M, COOTBETCTBEHHO, YBEIMYHMBACTCS JJIMHA BOJHBI H3IIy4eHH,
UCITyCKaeMOro JTaHHOH cucTeMoil. Tak Kak B aTOMHBIX Yacax 3TaJOHOM SIBJISIETCS 9acoTa M3JIy4eHHs aTOMOB
1e3usi, BOJOPOJa U T.JI., TO Yachl, yCTAaHOBJICHHBIC, HAIIpUMEp, Ha CITyTHHKE, OTCTAIOT OT HETOJBHKHBIX
gacoB, Haxoasmuxcs Ha 3emie. CoBpeMeHHas HayKa NPHIHCHIBAET 3TOT 3P(HEKT HEKOMY “3aMeNJICHHUIO
BpeMeHHU " B JABMKYIUXCS CUCTEMaX — OJHOMY UX riaBHbIX cienctuii CTO.

Bepuemcs k ad@dexTy yMeHbIIEHHsT 4YacTOTHI KOJEOaHWM ABWXKYIIEHCs cuctembl 3apsgoB. OH
3JIEMEHTAPHO OMHUCHIBACTCS ¢ MOMOIIIBI0 opmyitbl (1.5)He mpuberas kK rumoTese “3aMeIIeHNs BpeMeHH .
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dakTUYeCKH MOJYYaeTcs, YTO CHUCTeMa pPAa3HOMMEHHBIX 3aps0B, HANpUMEp, aToM, Kak Obl

pacTAruBaeTCsl B HANpPABIICHUM, TEPICHIUKYJISIPHOM BEKTPY CKopocTH V U3 3a TOro, 4To B 3TOM
HampaBJICHUH OCJIa0eBaeT KYJIOHOBA CHWJIA, CBS3bIBAIOIIAs 3apsijbl. TakuM oOpa3oM, B 3TOM HaIpaBJICHUU
yactora kojebanuii cuctembl Y MEHBIITAETCS (yBenuunBaeTcs ATMHA BOJHBI U3TydeHHst). B To jxe Bpems,
C DHEPreTMYECKOHW TOYKH 3peHHs HampasicHue (IUIOCKOCTh), MEPIEHANKYIAPHOE, BEKTOPY CKOPOCTH
CTAaHOBHTCS TIPEATNIOYTUTENBHEH JUIsl KOJIeOaHW M, COOTBETCTBEHHO, BEPOSATHOCTH KOJICOAHWI B JaHHOMN
IUIOCKOCTH BO3PACTaET TeM OOJIBIIIE, YEM BBIIIIE CKOPOCTh.

MOXHO MpPOaHATM3MPOBATH M3MEHEHHE YacCTOTHl M3JydeHus (KOseOaHWi) IABMIKYIIEHUCS CHCTEMBI
UCTIOJIB3YS MOJICITh TAPMOHUYECKOTO OCHMJIATOPA.

Hwke mnpuBoaucs (parMeHT 3aMETKH W3 HWHTEPHET-XKypHalla 00 «OYepeJHOM CaMOM TOYHOM
noareepxkaeHueM CTO»:

Heckomnpko et Hazan rpynna KaHaJacKux (GU3UKOB ouepeHoi pa3 «oarsepauia» CTO:

«Du3uKu OCYuecmeuiu Camyro mouHyo npoeepKy pPeiamueUcm CcKo20 3ameoneHus 6pemeru

14.11.2007 14:49 | lenta.n6]

Qusuku nposepuiu MOYHOCMb, ¢ KOmMopou cneyuaivHas meopus omuocumenvrocmu (CTO)
Dilnwmerina npedckaszvieaem peisimueUcmcKoe 3amediieHue 8peMerU. DKCNePUMEHM - CaMblil MOYHbIU U3
NPOBOOUBLUUXCSL KO20A-TUOO 8 MOl 001ACmU - NOKA3A, YMO NOCPEeULHOCMb COCMABIsAen MeHee O0OHOU
0eCsmUMULIUOHHOU CEeKYHObL, coobujaem xcypran Science....

Konuuecmeennoe onucanue 3amednenuss HeOOHOKPAMHO NPOGEPSIOCH IKCnepumMenmanvho (enepsvie
6 1938 200y), rkanaockue ¢uzuxu npeonpumnsiiu ewje 00Hy nonvimky. OHU UCNONB306ANU U3EBECTHYIO
MEMOOUKY aAHAIU3A CNeKMPA B030YHCOEHHBIX UOHO8, OBUNCYWUXCS C OKOIOCEEMOBOL cKopocmbio. Ecau ons
08uUdICYUe20Cs UOHA 8peMSl, C Haulell MOYKU 3peHusl, uoem 3amMemHo MedleHHee, SMO OMpPANCAemcs Ha
yacmome, ¢ KOMOPOU OH usiyyaem sjekmpomazHummuvle 6oanvl (ceem). Hszmepus uzmenenue uacmomul
(npusoosiyee u k usmeneHuIo Ysema), MONCHO USMEPUMb 3AMEOIEHUE BPEMEHU . ..

Hcnonvsys yeckopumens wacmuy 6 uncmumyme Maxca I[lhanka 6 I'etidenvoepee (I'epmanus), yuenvie
PA302HANU UOHBL TUMUS 00 CKOPOCMU, COCMABIAIOWEN Wecmb NPOYEHMOo8 Om CKOPOCMU C8emd, NPUBEIU UX
npu nomowu nazepa 6 B030YAHCOeHHOe COCMOsIHUe U usmepuau yacmomy uzaydenus. Iloepewnocms
pe3yibmamos8 no cpasHenuio ¢ mem, umo npeockasvieaem CTO, cocmasensiem MmeHee O0OHOU
0eCAMUMUITUOHHOU CeKYVHObL. 10 ymeepoicoeHusm ucciedosameinell, Ux SKCNepuUMenm 8 0ecsims pas3 moyHee
JYUHIMUX U3 NPOBOOUBUUXCS paHee U 8 CIo mbicay pa3 mounee skcnepumenma 1938200a.»

Kak BHUIHO M3 NPHBEICHHOW 3aMETKH, <IIOATBEPIKJACHUCY» 3aKII0Ya]OCh B H3MEPCHHHM 4YaCTOTHI
W3Iy4YCHHUs] MOHOB JIMTHUS, JBIKYIIUXCS C «PEISATHUBUCTCKAM CKOPOCTAMHU» . MeTOoauKa SICHa, OCTaloCh
TOJILKO €€ MPOaHAIU3HPOBATD.

Cornacno CTO Bpems B ABHXKYIIEHCS CUCTEME TeUET MEJICHHEE, YeM B HETIOBUKHOM:

1
o =t———
V2
1——C2
Torma wyacrora koicOanuit (Oe3pa3nmuuHO KaKWX) B JABWKYyIIeHcs cucteme (M3MepeHHast
Lot V?
HEMOJBIXHBIM HaOmogareneM) OyaeT MeHbIE, YeM B  HEMOIBHMIKHOM: _=E: 1_F W

2
W, = w, 1—3 , TIe @), - 4acToTa KojeOaHuil B IBIXKYILEHca cucTeMe, a ) - B HENOABMXKHOU. Takum

O6p330M, HU3MEPsA YaCTOTY HU3JIYYCHH, MNPUINCAHICT0 K HCIIOABUKHOMY Ha6J'IIOI[aT€J'IIO u3 I[BI/I)KYIJ_IGI\/’ICH

@,

CHUCTCMBI, 110 OTHOHICHUIO YaCTOT —— MOXKHO BBIYUCIINTH CKOPOCTb CUCTCMBEI.

@,
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Termepp BCIIOMHMM TpPUBEACHHYHO B TepBoM pasaene crateu  gopmyny (1.5) mus

Zc2 1 2
‘ : _HadY q o T
peATUBUCTCKOro» 3akoHa Kynona: F; =E————V=——— , TAe I =————= - <PEITUBUCTCKAA
ar r are, v V&
e
JJIMHAa».
V2
2
|1~
Wm F = 4,u 0 > . To ecTp, cuna CBA3M 3apsAI0B YMEHBIIAETCS IPU YBEIUYEHUH CKOPOCTH.
TE, r

CornacHo MOJIeIM TapMOHMYECKOr0 OCHMJUIITOpA, CHJIA, YIEP KUBAIOLIAsl 3JEKTPOH B MOJIOKEHUU
paBHOBecusi sBIAETCS KBasuynpyrod. Torga aTtoM MOXKHO paccMaTpuBaTh KaK COBOKYITHOCTb
rapMOHMYECKHMX OCIHUIATOPOB C BO3Bpamaromei cuioii F =—br, rme b — koHcTanTa ynpyroi cBssu, a

b U
HaCTOTa U3JIYUCHUA B 3TOM CJIydac OIPCACIISCTCI I10 (bOpMy.]'Ie w=,|—. HpeI[HOJ'IO)KI/IM, 4TO JIMHCHHBIN
m

pa3mep I' (paccTosiHIE MEX/Ty 3apsiJaMi) HE 3aBUCHT OT CKOPOCTH, @ MEHSIETCS KOHCTaHTa yIIPYroi cBsi3u (TO
€CTh, CHJIA CBSI3U 3apsUioB). Toraa Bo3Bpallarolnas Cijia B TaApMOHHYECKOM OCIHIUISTOPE MPOMOPIIUOHAIBHA

R _h
b,

k03 durmenty b, To ecth

FV:O
OyZIeT paBHO: “ - \/E .
a  \b

Kak BunmHO 13 popMyIbl Aist «pesiITUBUCTCKOT0» 3akoHa KyioHa, cuiia CBsI3M WM, B JAHHOM ClIydae,
BO3BpallaloOlasi CWJIa YMEHbBIIAETCA C YBEJIMYEHUEM CKOPOCTH U, CJIEJJOBATEJIbHO, OTHOILIECHUE
Bo3Bpamaronieid cuiabl (M ko3dduuuenra b) B ciaydae IBMKYIIUXCS M HEMOJIBMKHBIX 3apsiioB Oyaer

. COOTBCTCTBCHHO, OTHOIICHHUC YaCTOT TAapMOHHNYCCKOTO OCHUILIATOpA

F V?
BBITJISIETH KaK —— L7 1-— |. Torna oTHONIEHHE YACTOTHI U3TYYEHHS JBIKYIIHXCSA M HEOJBHIKHBIX
0 0 C
@, \Y 2
HOHOB Oy/IeT paBHO: —- = 1—3 ¥, COOTBETCTBEHHO, &, = &}, 1—3 (4.2)

Kcrartu, takas sxe GopmMysia mosydaercs, eCiii MPearnookKuTh, uTo Kodhdument b He mensercs, a
YBEIIMYMUBAETCS JIMHEUHBIN pazmep I.

Takum o6paszom, ¢opmyrna (4.1) momyuyaercs Touno takas ke, kak u B CTO. Ilpu stoM Hamo He
3a0bpIBaTh, 4TO BBIBOJ 3TOH (opmynsl He umeer K CTO HHKaKOro OTHOLICHWS W HHUKAK HE CBS3aH C
«3aMeJIJICHEM BPEMEHU.

5. BeIBOABI

ITo Bceit BuammocTH, ombiThl Kaypmana ObUIM HM3HAYANIBHO HEMPABUIBHO HHTEPIPETHUPOBAHBI
JlopeHtiom 1 DUHIITEHHOM, XOTS TaKOW BbIJAIOMIUKCA (U3KK, Kak JIopeHIl Mor Obl U JTOTaIaThCs 10 TAKOTO
MPOCTOTO OOBSICHEHUS OTKpbITOro UM 3¢ (deKra, KOTOpBId TNpeACTaBlieH B JaHHOW cTarbe. J[lanee,
napasuTupys Ha npeoOpa3oBanusax JlopeHia, DWHINTEHH co3nan HeKyl “Quiocoduio perstuBumMa” C ee
NPUHIUIHAIBHO HENPAaBUIBLHBIMU BBIBOJAAMH M CJIECICTBUSIMHU, TAKUMH, KaK “pPEIATUBUCTCKOE 3aMEICHUE
BpeMEHH , “PEIIITUBUCTCKOE YBEIWYCHHUE MACCHI’, “PENATUBUCTCKUN TNPUHIMI TPUIHHHOCTH U T.JI.
Anentsl TO, Takue kak Jlannay, mouwm eme Jaiblie, cBes BCro nekrpoauaamuky k CTO [2].

[IpeoOpazoBanus ke JIopeHIa HE HMMEIOT HHKAaKOI'O OTHOIICHUS K “3aMEUICHUIO BPEMCHH H
“yBenmMueHuI0 Macchl ABIKYIIerocs tena’. Kak mokazaHo B JaHHOW CTaThe, H3MEHSIETCS TOJIBKO CHJIA CBS3H
3apsI0B U CHUJIa B3aUMO/JICHCTBUSI 3aps/IOB C JIEKTPUUECKUM U MATHUTHBIM TIOJISIMH B IBHOKYIIHICS CUCTEME.
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Hano cka3zatb, uto B «Teopuu moiisi» [2] B koHie 3841 riiaBel nMpuBeIeHa 3a/1a4a KaK pa3 Ha CUITY
B3aUMO/ICHCTBUS IBMKYILUXCS 3aps0B. B 4acTHOM ciiydae, pacCMOTPEHHOM B JaHHOU cTathe, SINGO =1, T.k.

2 2
9 Vv

— 4.1),
4, r* - C? (1)

1
F UV . Torga no Jlanmay F =

q2 VZ
=1 -=
47, 1 C
CaMoOro Hauaja ampHOpPH MOJCTABWI B BBIPAKEHHE IS SJEKTPUUECKOr0 MOTEHIWANA ‘‘pPEeNSITUBHUCTCKUIN
kodhpunrent”:

a B HaHHOﬁ CTAaTbC BBIPAKCHUC I1OJIYyHaACTCA F= . BBIBO,I[BI IIOXO0KH, HO J'[aH;[ay C

. Ve
@ =—¢ Wi @, =@y, |1-— (4.2).
V2 C
aires
Kcratu, paccmorpum Beipakerue (4.2).[loTeHIuan 3J1eKTpPHYECKOro OISt AMHAYIHOTO 3apsijia paBeH
$=——[1].

471
[Moncrasnsisi  Beipakenwe (1.6) mns  gBwKymerocs 3apsga B GopMyny s [MOTEHIHMAIA
BHGKT‘pI/I‘leCKOFO 110JI41, HOJ‘Iy‘{I/IMZ

2
{ Y
C V&
g, = i =@, 1—3 , UTO TIOJTHOCTBIO COBIAACT ¢ “pelsaTUBUCTCKOI™ (hopmyroit [4.2].
TE I

[TomyyaeTcst, 9TO MOTEHIUA SJIEKTPUYECKOTO TOJS JABMKYIIETOCs 3apsna (popmanbHO mamaeT, Tak
KaK cama BeJMYMHa 3apsaa Kak Obl yMmeHblnmaerca. Ho 3TOT “pensiTHUBUCTCKUN TOTEHIHMAN —SBISETCS
CIIC/ICTBHEM KOMIIeHcalmu, BeiBoguTcs u3 Qopmyn (1.5, 1.6, 1.7u 1.8) u He [ODKCH ampuopu
npucyrcTBoBath B opmyne mus Fy, xak y Jlannmay. Ilo Bcelf BUAMMOCTH, UCTHHHAs BEIWYMHA 3apsja He

MmeHsieTcsi. He MeHsieTcss M moTeHuuan siekTpudyeckoro moiisi (B gopmyny 3akona KysnoHa ckopocth He
BXOJ/IUT), a paboTaeT MEXaHW3M KOMIICHCALUH, (GOPMaAIbHO Kak Obl YMEHBIIAIOMINI BEIUYHMHY 3apsaa H,
COOTBETCTBEHHO, MIOTEHI[HAA B COOTBETCTBUM ¢ popmynamu (1.4, 1.54 1.7).
[Momyuaetcst ke, 9T0 B npuBeaeHHON B [2] 3amade JI&JI GakTHYECKH HCIIOIB30BAIN 3TO BhIPAKECHHUE
2

nBaxapl. Takum 00pa3om B BeipaxkeHUH (4.1) ObLI MOTEPSIH WICH 1—3 ¥ OHO CTaJI0 OECCMBICICHHBIM.

N, eme pa3 mnoBTOpsAsACh, B [JaHHOW CcTaTbe BCe “PeIATHBUCTCKHE  BbIPasKeHHUS
(mpeo6pa3oBanusi JlopeHna) BbIBeeHbI M3 KJIACCHYECKHX (POPMYJ JIEKTPOAMHAMHUKHU (€30 BCIAKOi
CTO.

3nech HY)KHO OTMETUTH, YTO aBTOpP HE UMEET MPETeH3UW JIMYHO K DUHINTEHHY. DWHIITEHH MOT
BBIIyMaTh W HamMcaTh BCE, YTO YTOJHO, €ro MpaBo. Takux “SHHIITEHHOB” MOJIHO HA MHTEPHETHBIX CaWTax,
nanpumep, Ha http://new-idea.kulichki.net/?mode=physiestam kaxupnii “siHmTeiin”. Ho BOT Hekue
OKOJIOHAYYHBIE CUJIBI caienanu u3 kpaitne comuutenbHoi CTO n OTO Benuyaiiiyro Teopuio “Bcex BpeMeH U
HapoJoB”, a U3 DUHINTEHHA — BeIMYalIIero y4eHoro Toke “Bcex BpemeH u HaponoB”. “ Buenpenune” TO B
HAyKy HaHECJIO el KoJIoccanbHbIN Bpell. OHO 3aKpbLJIO0, HAPUMED, UCCIIEIOBAHUE CTPYKTYPHI “PU3MIECKOTO
Bakyyma” (0oH ke 3¢up), KOTOPBIH, KaK 0Ka3aloCch — HE IYCTOE MPOCTPAHCTBO, a (PyHJAaMEHTAIbHAS OCHOBA
MUPO3IaHHS.

AHaJM3UPY BbllIeNpUBeAeHHbIE (POPMYJIbI MOKHO C/1€JIaTh CJIeAYIOIIHe BHIBO/IBI:

. [Ipu nBWXKEHUU 3apsHKEHHOW YaCTHIBI €€ Macca HE BO3PACTaeT M OCTACTCS MOCTOSIHHOM.
Taxoke He “3amesyiseTcs Bpems B ABIKYIIEHCS cucteMe KoopauHat. [Ipu IBrKeHUU 3apsHyKeHHON YacTHIIbI
B pe3yiabTaTe KOMIICHCAIIMM YMEHBIIAeTCSl CHJIA CBS3M MEXAY 3apsijaMu U (OpMallbHO YMEHBIIAETCS
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JCUCTBYIOIIAs BEIMYMHA 3apsA/ia, YTO BBI3BIBAET YMEHBIICHHWE CHJIbI, BO3ACHCTBYIONICH Ha 3aps] B
ANIEKTPUIECKOM U MarHUTHOM TIOJISIX.

. C [OCTaTOYHBIM OCHOBAaHHMEM MOXHO NPEAINOJIOKHUTH, YTO  3apsiibl  ABIKYTCS
OTHOCHUTEJIBHO Hekoit cpenpl (ee MOXXHO Ha3BaTh “TOHKOW cocTaBisomei 3¢upa’ winm “TeMHON
JHEprueii’), OTBETCTBCHHOM 3a BCE JJICKTPOMATHHUTHBIC B3aMMOJACHCTBHs [5]; Torma HampaBlIeHHE HX
JIBM)KCHUS U HAJIMYHME UM OTCYTCTBUE YCKOPEHHUSI HUKAK HE CKaKeTCsl Ha d(h(eKTe yMEeHbIIEHUS CHITBI CBSI3U
MEXIy 3apsiaMd. JTO 3HAYUT, YTO HE MMEET 3HAUCHUE YIAIAIOTCS JIM, HAlpuUMeEp, aTOMHBIE Yachl WU
OpUOMIKAIOTCS K HEKOM CHUCTeMe, HEMOJBMKHOW OTHOCHTEIBHO “TOHKOH cocTaBismomend sdupa’.
OtcraBanue yacoB (He myTaTh C “3aMeUICHHEM BpeMeHH ) OyIeT ONpeAessiThCS TOJNBKO OTHOCUTEIBHOM
CKOPOCTBIO CHCTEMBI 3apsJI0B U “TOHKOW COCTaBIsIOIeH d(hupa” HE3aBUCHMO OT HAIPABIICHUS JBIKCHUS.
Taxum 006pazoMm “napazokc OIM3HHUIIOB” AJIEMEHTAPHO PEIIASTCs, HO, OMSITh XK€, K “3aMeJUICHUI0 BpeMEeHH U
CTO 510 HE UMEeT HUKAKOTO OTHONICHUS, a 3TUMHU “OJIM3HENIaMU” SIBIISIFOTCS aTOMHBIE Yachl. TO €CTh 4achl
“Onmu3HenBl’, OTHPABICHHBIE C OKOJIOCBETOBOW CKOPOCTBIO M BO3BpAIICHHBIE OOpaTHO OYAYyT OTCTaBaTh
cornmacHo popmyne (3.1).

. OnsTe ke, yNOMsSHYTBIH 3(P(GEKT OTCTaBaHUS YAaCOB HHUKAaK HE CBSI3aH C “3aMejICHHEM
Bpemern” CTO, BpeMs 3/1eCh HU NPU Y€M U JaHHBIA () (PEKT K MEXaHMUECKUM KOJIeOaHUsIM HEUTPaTbHBIX
Ten He oTHocuTcs. 1o Bcelt BUAMMOCTH, 3aMeJIeHUe KOJICOAHUN CHCTEMBI 3apsJ0B HUKAaK HE CKaXXETCS Ha
’KM3HEHHOM IIUKJIe opraHu3ma (BOIpoC, BIPOYEM, CIIOPHBIH) TaK, 4TO OJM3HEIBI OyIyT TaK JKe CTapeTh Kak
Ha 3eMJie, a BOT Yachl HAa THIOTETHYECKOM Kopabiie IOJDKHBI OBITh OCHOBAHBI HAa JPYrOM NpPUHIUIE, HE
CBSI3aHHOM C KOJICOAHUSIMHU CUCTEMBI 3apSJIOB.

. Kynonosa cuna Gombiie nopenueBoit npu ckopoctsix V < C. Cunbl cpaBauBarotes mpu V = C
U Jajbllie JIOpeHIeBa cuia mnpeobmagaer. Torma moiaydyaercs, 4To MPU CKOPOCTH JIBMIKCHHS, PABHON WU
OoJIbIIIE CKOPOCTH CBETA, CHCTEMBI 3apsOB pacmanarorcs. Takum o0pa3oM, BBIXOIUT, YTO IOJHOCTHIO
WOHM3HUPYIOTCS aTOMBbl M TIOJOXHUTEIbHBIC 3apsabl OTTAJIKUBAIOTCA OT OTPHUIATENBHBIX. ECTECTBEHHO,
OCHWJUISITOP TIPU 3TOM HE paboTaeT W HM3JIy4eHUs: He OyAeT, BMECTO 3TOTr0 OyAyT HaOIMI0IaThCs MOTOKH
MIOJIOKUTENIFHO U OTPUIATENIFHO 3apsKEHHBIX YAaCTHII, OTTAIKHBAIOMIMX APYT Apyra. Tak Kak siapa aTOMOB
CBSI3BIBACT HE CTOJBKO KYJOHOBBI CHIIBI, CKOJBKO BHYTPHATOMHBIC B3aUMOJCHCTBHS, TO HPOTOHBI M
HEHTPOHBI COXPAHATCS U aTOMHBIC SI7[pa - TOKE, HO JICKTPOHBI, CBSI3aHHBIC C SJIPOM KYJIOHOBBIMH CHJIAMH,
MOKHHYT aToMbl. M3nydenue B BuauMoM (1 YD) quana3zoHe OT CBEPXCBETOBOM CTPYH MaTEPHU HAOIIOIATHCS
He Oynmer, Tak KakK »JJEKTPOHHbIE O000JOYKM OyayT paspylieHbl. EJWHCTBEHHO, YTO MOXKET
CBHJICTEIILCTBOBATh O HAJIMYMU TAKOW CTPYH, 3TO MOXET OBbITh ramma (PEHTI€HOBCKOE) H3Iy4YCHHE,
BBI3BAHHOC BHYTPHATOMHBIMHU IEPEXOJaMU B aTOMax CTPYH U TOPMO3HBIM MEXaHH3MOM (B TOM YHCIIE
BO3MOXKHBIM YEPEHKOBCKHUM H3JIyueHHEeM). MOr'yT BO3pa3uTh: MPEUIOKEHHBIN BAPHAHT - IECCUMUCTUYECKUH,
BBIXOJIUT, YTO CBEPXCBETOBBIE CKOPCTH UYEIOBEYECTBY HEAOCTYMHBI?. OTBET, CKOpEe BCEr0 OHO BO3MOXHO,
HO HEOOXOJMMO Ha MOBEPXHOCTH OOBEKTa, JBIKYIIETOCS CO CBEPXCBETOBOW CKOPOCTHIO, IMPHIIOKUTH
MarHUTHOE TOJIE B MPOTHUBOMOJIOKHOM HANPABICHUH U KOMIIEHCUPOBATH JIOPEHIIEBY CHITY.

. [lpuBeneHHass B JMaHHOHM cTaTbhe AIIEKTPOJAWHAMHUYECKAs MOJIENb ABHMKCHHS 3apsDKEHHBIX
YaCTHUI[ TIOJHOCTHIO OIMKCHIBAET PE3YNIbTAThl AKCIEPUMEHTOB M PE3yJbTaThl MPAKTHUECKUX MPUMEHEHUN
YCKOPEHHBIX YacTHIl. JTO sBisercs He anbrepHatuBoil CTO, a ¢Qusmueckoil peanbHOCTBIO, TaK Kak
(hopMyIIBI KITACCHYECKOH STEKTPOAMHAMUKHA UMEET NMPHUOPETET OTOMY, YTO OHU OBUTH MOJTYYESHBI 330Jr0 JI0
DitHmTeliHa, U, cootBeTcTBeHHO, CTO siBasieTcs “ mumHel (JI03KHOI) CyIIHOCTHIO .

6. Cnucok JiMTepaTypsbl

1. b. SABopckwii, A. lernad, CnpaBounuk no ¢usmke, Mocksa, 1964

2. JI. Jlaunay, E. JIndmun, «Teopust moms», Tom I, nznanue cenqpmoe, Mocksa, 1988

3. “Vckopurenu 3apsHKEHHBIX gacTuil,
http://portal.tpu.ru/SHARED/K/KRAVCHENKONS/rabotatfi Tab1/lek12.pdf

4, “DKBUBAIIEHTHOCTH MAaccChl u SHEprun’, Bukunenus,

https://ru.wikipedia.org/wiki/%D0%AD%D0%BA%D0%B2%ReB8%D0%B2%D0%B0%D0%BB%D0%




14
B5%D0%BD%D1%82%D0%BD%D0%BE%D1%81%D1%82%D1%38C_%D0%E0%B0%D1%81
%D1%81%D1%8B_%D0%B8 %D1%8D%D0%BD%D0%B5%D1%80%D0%B8%B8%D0%B3

5. I'. UByenkoB, «TOKM CMeIIEHHs B MeTa/ulaxX, OUIJICKTPHKaX W B Bakyyme», http://new-
idea.kulichki.net/pubfiles/110117205435.doc

6. 14.11.2007 14:49 | lenta.ru

7. “Ultra-high-energy cosmic rayhttps://en.wikipedia.org/wiki/Ultra-high-energy _coE_ray




