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Bunbnunoreka MowkosBa: Cara o KoHaHe | [lpeBHAA nutepaTypa n noa3us | Rock-N-Roll
music | Cepren JTyKbSIHEHKO

N-T.ru / Tekywue nybnukaumm / Hayka cerogHs

[Tpobnembl KBa3ncTtaTU4eCKomn

ANEeKTpoANHaMNKA

Buktop KYJIUITNH, NannHa KYJIMFTNHA, Mapua KOPHEBA
NUccnepoBaTenbckan rpynna «AHanm3»

BBeaneHune

B pa6otax [1], [2] MBI mOKa3aJIk, 4TO YCJIIOBUEM BBITTOJIHEHUSI
epaoueHmuou uHeapuanmuocmu (3KBUBAJICHTHOCTh
KaJmOpoBKHU JIopeHIIa ¥ KyJTOHOBCKOM KaJIMOPOBKHU) SBISETCS
KECTKOE OTPAHUYCHUE HA UICTOYHUKH MOJIEU B YPABHEHUSIX
Maxcena. 3apsabl U TOKH B 3TUX YPABHEHUAX JTOJKHBI
IEPEMEIATHCA CO CKOPOCTHIO CBETA. Y paBHEHUsI MakcBeiuia
HE MOTYT Y HE JIOJLKHBI ONIMCHIBATh KBA3UCTATUYECKUE SIBJICHUS
AJEKTPOJUHAMUKHU, T.€. SIBJICHUS, CBSI3AHHBIC C
WHEPUHATBbHBIMHU 3apsiiaMyd U TokaMu. CJ1e10BaTeNIbHO,
KBA3UCTATUYECKUE SIBJICHUS JOJKHBI ONMUCHIBATHCS
coOCMBeHHOU CUCTEMON ypaBHEHUH, HE SIBIISIOIICHCS
CIECTBUEM ypaBHEHUN Makcseiuia npu v << c.

B 0630pe [3] Ob10 YCTAaHOBIICHO, YTO pelsmusucmcKas
INeKMPOOUHamMuxa PaKTUIECKU UCIIOb3yET MTHOBEHHO
JNEVCTBYIONIME MTOTCHIINAIBI BOIPEKH MOCTYJIATY O KOHEYHOU
CKopocmu pacpOCTPAHECHUS B3aUMOJICHCTBUN.

371eCh Mbl PACCMOTPHUM PE3YJIbTATHI HAIIIUX UCCIETOBAHUIN
KBa3UCTATUYECKUX SBJICHUM U TTOKa3aHbl HEKOTOPbHIE
THOCEOJIOTUYECKUE OLIUOKH, MTOPOXKAAIOIINE HEITPABOMEPHBIE
MHTEPIIPETAIMN KBA3UCTATUYECKUX SIBIICHUM.

1. Mpobnema 3neKTpoMarHNTHOU Macchl
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DT0 BechbMa «3actapesnas» npoliemMa, OT pelIeHUs] KOTOPOu
3aBUCHUT Cyab0a coBpeMeHHOM pusuku. Ee pelieHue npuBeaet
K HEOOXOJMMOCTH TIEPEOCMBICIICHHS BCEH AIEKTPOJUHAMUKHY U,
KaK CJIeJICTBUE, KBAHTOBBIX TCOPUM.

DOpMUPOBAHUE TTOHATUSA «DIJIEKTPOMArHUTHAS MacCca» UMEET
CBOIO JIOJITYIO UCTOpHUIO. J[0 mosiBineHus: ypaBHeHni Makcseria
B OCHOBE TEOPUH AJIEKTPOMATrHETU3MA UCIIOJIB30BANACh TEOPUS
MTHOBEHHOI'O B3aUMOJEHUCTBUSA 3apsiI0B U TOKOB.

[Tocne paboT MakcBeiia 0Ka3ajioch, YTO JIEKTPOMArHUTHbIE
MOJIS1 IOJIKHBI YJIOBJIIETBOPATH BOJITHOBBIM YPABHECHUSIM.
BoJiHOBO#1 XapakTep nojiei Obl1 IKCIEPUMEHTAIBHO
noaTeepxkacH ['epemM. C 3TOro BpeMEHH TEOPUH,
ONIMPAIOIIMECS HA MTHOBEHHOE B3aUMO/JICMCTBUE, TEPSIFOT CBOKO
MOITYJIIPHOCTh U YCTYHAOT MECTO HOBOU TOYKE 3PCHMUSI.
CoruacHo eii Bce 0€3 UCKIIOYEHUS OIS B 3JIEKTPOIUHAMUKE
JTOJDKHBI OBITH 3aI1a3/IbIBAIOIIIMIMHU, B3aUMOJICHCTBHUS 3aPsJI0B U
TOKOB OCYUIECTBIISIFOTCSI HE MTHOBEHHO, a 4epe3
AJIEKTPOMArHUTHBIE BOJIHbBI, PACIIPOCTPAHSIOIIUECS CO
CKOPOCTBIO CBeTa B BakyyMe. Clie1oBaTeNnbHO, AEMCTBUE
OJIHOTO 3apsiia Ha APYTroM JOJKHBI IPOUCXOIUTH 00SI3aTEIHHO
C 3ama3bIBaHUEM.

K coxaliennto, HUKTO He 0OOpaTUJl BHUMAHUS HA TOT (PaKT, 4TO
CBOMCTBA MOJIEU 3apPsSI0B U CBOMCTBA JIEKTPOMArHUTHBIX BOJIH
pa3IuyHbl. AHAJOTMYHbBIC HEOTIPABJAaHHbIEC (ABAHTIOPHBIE)
«OOBEAMHEHUS CTAIU MOJION. ['paBUTAIIUIO «COSTUHUIN C
uHepiuent. KopnyckyspHble CBOMCTBA «00bEIUHUIIN C
BOJIHOBbIMU U T.J. Ha ropuszonTe massuut «Benukoe
00bEIMHEHHUE.

Bce 3To cBUIETENBCTBO U CIIEACTBUE KpU3Uca (PUBUKH,
KOTOPBIN pa3pa3uiics B KOHIIE 19 Beka u poaosKaeTcs B
teuenue yxe o6omnee 100 ner. [Ipuunna sToro kpusuca B
OTCYTCTBUH TCOPUHU MO3HAHUS, KOTOPAS JOJKHA BBITIOJIHSITH
KpUTepuaabHblie PYHKIIMHU IO OTHOIICHUIO K €CTECTBO3HAHMIO.
[IpoekT 3TOM TeopuU MBI U3J0XKWIH B [4]. OnHAKO 10 CHUX MOP
bU3UKKU TPEHEOPEIKUTETBHO OTHOCATCS K punocodhuun
€CTeCTBO3HaHMA, a (UI0CO(BI HE HAIIUIK B C€OE CHIIBI PEIIUTh
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3Ty IIpoOIEMY.

O6parumcs k xpoHojioruu. B 1873...1874 rr. Beigaronyics
pycckuii yueHbsii H.A. YMOB Jl0Ka3bIBa€T CBOM 3aKOH
COXPaHECHHUS SHEPTUHU JJISl IBUKYIIIUXCS CPEI:

ﬂJm:li*z,-':‘:‘»H =0 (1.1)
ot

rjae: S, = wv —IUIOTHOCTh IIOTOKA SHEPTUH (BEKTOP YMOBA); W —
IJIOTHOCTh YHEPTHUH; V — CKOPOCTh JIBUKEHUS cpeabl. BekTop
YMOBa ONMUCHIBAET KOHBEKMUBHDBIU TIEPEHOC PHEPTUH, a HE
W3JyYECHHUE.

B 1884 r. /I>xon [ToiHTHUHT, KOMOMHUPYS ypaBHEHUS
Maxcsernia, BBIBOJUT 3aKOH COXPAaHEHUs YHEPTUU
AJIEKTPOMArHUTHOIO TOJIS:

%+div8p +p=0 (1.2)
rJe: Sp = [E x H] — m10THOCTh MOTOKA 3JIEKTPOMArHUTHOM
BOJIHBI (BekTop [loitnTunra); E u H HanpsokeHHOCTH
NEKTPUYECKOT0 U MArHUTHOTO TOJIEH; W — IJIOTHOCTh SHEPrUU
AIEKTPOMArHUTHOTO MoJis; p = JE — MIIOTHOCTh MOIITHOCTH
CTOPOHHUX CHII.

B 1905 r. A. DUHIITENH CO3/1a€T CBOIO CMNEIHAIbHYIO0 TEOPUIO
OTHOCUTEIBLHOCTH, U3 KOTOPOH CIIETyeT COOTHOIIIEHUE MEXTY
MacCcol 1 dHEPTruen, KOTOPOEe HECKOJIbKO PaHbIIIE HAIIIE
Jxxenmc ToMCoH:

E=mc? (1.3)
rjae: E — sHeprus; m — Macca; ¢ — CKOPOCTh CBeTa.

BepHeMmcs k 3akoHam coxpaHeHus YMoBa U [loiHTHUHTA.
HanoMHuM, 4TO 37I€KTPOMArHUTHAS BOJIHA U TIOJIA 3apsII0B
UMEIOT pa3HbIie cBoMcTBa. Iloje 3apsma B ero CoOOCTBEHHOM
CUCTEME OTCUETA OIPEIEISIETCS TOIBKO BEIIMUUHOM 3apsAaa, a
3JIEKTPOMArHUTHAs BOJIHA MOCJE U3ITYUYEHUS «<OKUBET CBOECH
COOCTBEHHOM KU3HBIO». JHEPIus, U3aydacMas YCKOPEHHBIMU
3apsiaMy, ONIUCHIBAETCS UMEHHO BeKTOpoM [loriHTHHTA. 110
3TOU MPUUYHUHE PUMEHEHUE BeKTOpa [loWHTHHTA [T TTOJIer
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3apsiga He onpaBaano. Ho 3ToT mar ObuI criesnaH.

DJIEKTPOMAarHUTHas Macca MOKOSIIETrocs 3apsia BhIYUCIISICTCS
B 000HMX Clly4yasiX OJIMHAKOBO, T.€. IO OJIHOM U TOM K€

bopmyie:

1 *E‘-‘(l 2
m =L (grad¢)
c

= J 4
-

1 *
dv="L [Py (1.4)
. ¥
o A
rje: m,— 3JIEKTPOMAarHUTHAas Macca 3aps/a; ¢ — HOTEHIUA; P
— IVIOTHOCTBH MPOCTPAHCTBEHHOTO 3apsa; dv — 3JIEMEHT
o0BeMa.

NmeHHO o yOMSIHYTOM BBIIIE TPUYHUHE TTONBITKA BEIYUCIUATH
UMIYJILC U KUHETUYECKYIO SHEPTHIO MOJIS 3apsijia C MOMOIIBIO
BekTOpa [[oMHTUHTa HATONKHYJIACH HA TPUHIUITHAIbHBIE
TPYJAHOCTH.

Oka3zasioch, YTO UMITYJIBC IOJIS 3aps/ia PABEH:
1 -

— |
2
C -

1 4
P, = &-Pcﬁfzgmgv (1.5)

KuHeTtnueckas s3HEPTrus TAKXKE OKA31aCh «HECTAHIAPTHOM:
- H? 4 m v

E =lpl—dv=—-_

. 7 3

-

(1.6)

g
-

N3-3a MHOXKUTENS, KOTOPBIM CTOUT B (hopMe KodpduiimenTa B
npaBoii yactu Beipaxenuit (1.5) u (1.6), npobiema nomyuuna
Ha3BaHHe «mpobiiema 4/3». PensTuBucTcKas 3JeKTpOoAMHAMUKA
TO>KE HE CMOTJIa CIIPABUTHCS C ATON MPOOIEMOil.

Oxkazanochk, 4To Ko3(ppuuueHt 4/3 3aBUCUT OT CTPYKTYPbI
3apsia, ¥ OH OKa3bIBACTCS PA3IMYHBIM JJI PA3IUUHBIX
pacnpeiesIeHul IIOTHOCTH POCTPAHCTBEHHOTO 3apsiia
AIIEKTPOHA.

Boixon, npemnoxxennbiii Aupu [lyankape, ObLT e yOmmMm.
brnarogaps KyJIOHOBCKUM CUJIaM 3aps/l TOJKEH HEMUHYEMO
«pazopBaThCs» HA YacTU. YTOOBI 3apsi Kak 4acTUIa ObLI
yCTONYUBBIM, [lyaHkape BbIABUHYII CIIEAYIOLIEE
npeanosioxkenue. Macca 3apsiaa JOJKHA COCTOSTh U3
AJIEKTPOMArHUTHOW MACCHhI U MACChl HEAJIEKTPOMArHUTHOTO
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MIPOUCXOXKACHUs. UMEHHO HEANEKTPOMAarHuTHas Macca,
BEJTUYMHOU M, = — me/3 JIOJKHA OTBEYATh 34 YCTOMYMBOCTh
3apsijia Kak 4acTUIlbl. B cymMe 3TH J1B€ MacChl JOJDKHBI ObLIH
OBl 1TaBaTh «CTAaHAAPTHYIO» HHEPIHAILHYIO MAcCy 3apsaa
m,+tm, =m,.

Ota ujaes, IPUHIMIIHAILHO BEpHAas, JOJDKHA Oblia «yOUThY
TaKXe JPYroro «3amia» U, TEM CaMbIM, YUTH OT MPOOIEMBI
3aBUCUMOCTH 3JICKTPOMAarHUTHOM MacChl OT CTPYKTYphl. Eciin
CUMTAaTh, UTO PANYC 3apsijia CTPEMHUTCS K HYJIIO, CTPYKTYypa
AJIEKTPOMArHUTHOM MacChl HE JOJDKHA Obls1a Obl CKa3bIBATHCS
Ha caMOM dJICKTPOMArHUTHOM Macce (IpobaeMa TOYECUHOTO
3apsaa). M 3meck Bo3HKMKIIA HOBas TpooieMa:
AJIEKTPOMArHUTHAs Macca TOYEYHOro 3apsijia oOpaiaeTcs B
OE€CKOHEYHOCTb.

[IpaBuiibHas UAEs PELICHUS HE HAIIUIA KOPPEKTHOIO PEIICHUS.
DAKTUYECKU MBI CTAIIKUBAEMCS C HECKOJIBKUMU «MacCamMuy,
MMEIOIIMMU PA3JIMYHbIE CBOMCTBA: CTaHIapTHAs
«MEXaHUYECKasg» Macca, «3JIEKTPOMarHuTHas» Macca, Macca
«HEIIEKTPOMATHUTHOI'0» MPOUCXOKICHUS, K KOTOPHIM
HEOOXO0MMO T00aBUTh, «ITPOJOTBHYIO» U «IIOMEPEUHYIO
MaccChl, BBeJICHHbIE DiHIITeHHOM («Maccoswiii Epanaw).

WTtak, B oCHOBE IIPOOIEMBI AJICKTPOMATHUTHOM MaCChI JICKHUT
rHOCEOJIorHyecKas omuoka, T.e. olmndoYHOe MHECHHUE, YTO ITOJIS
AJIEKTPOMArHUTHOW BOJIHBI M TIOJISI 3apsi/ia CyTh OJTHO U TO XKE€.
OTtcroa HeMpaBOMEPHOE UCIIOJIb30BaHUE BeKTOpa IloMHTHHTa
3a IpejaeaaMu ero NPUMEHUMOCTH, T.€. IPUMEHEHHUE 3TOT0
BEKTOPA K IOJIAM 3apsja.

2. PewweHue npobrieMbl 3NeKTPOMarHUTHOMN Macchbl

Teopema YMoBa npowusBesa 00bII0e BIICUATICHUE Ha
coBpeMeHHHUKOB. OTHaKO moce onmyoankoBanus IloMHTHHTOM
CBOETO 3aKOHA COXPAHEHHUSI O TEOpPEME YMOBaA «0J1aromnoyqHo»
3a0bUTH. B 3amagHbIx y4eOHUKAX Bbl HE BCTPETUTE UMEH

H.A. Ymoga, I1.H. JleGenena (skcrepuMeHTaIbHO
oOHapy>KUBIIIEro AaBjieHUe cBeta, 1899 r.), @.I'. CroneToBa
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(otkpsiBiIeTro GoTodddexT, 1889 r.) 1 MHOTHX IpYTUX
pycckux yueHsiX. B CCCP ¢ nenbro coxpaHeHUsI PUOPUTETA
YMoBa 3akoH, chopmynupoBaHHbiil [[oOWHTHHTOM, cTas
MMEHOBATHCS 3aKOHOM COXpaHeHus Y MoBa — [loWHTHHTA.

CnpaBeJIMBOCTH paau CIEAYET 3aMETUTD, UTO 3aKOHBI ¥ MOBa
u [loliHTHHTA, CXOAHBIE IO (JOpME, OTPAKAIOT PA3TUUHbIC
aBieHus B pusnke. Kaxaplil U3 HUX UMEET CBOIO [IEHHOCTb.

3aKOH YMOBa OIUCHIBAET KOHBEKMUBHBIU TIEPEHOC IHEPTUU.
Kak mo0omy ABHKYLIEMYCS TETY COOTBETCTBYET UMITYJIbC, TaK
Y IBUKYILIEHCS CPEAEe COOTBETCTBYET INIOTHOCTD IMMOTOKA
SHEPIUM, CBSI3aHHAS C UMITYJIbCOM. 3aKOoH [ [oMHTHHTra HE
CBsI3aH C ABWKEeHUEM cpenbl. BexTop [IoMHTUHTa OnMChIBAET
IUIOTHOCTh MTOTOKA 3JIEKTPOMAarHUTHON BOJIHBI, KOTOPAs MOCIIE
U3IIYUYEHUS PACNPOCMPAHAECINCA 8 NPOCMPAHCMEE CO
CKOpPOCTBIO CcBeTa. Ka b1l 3aKOH NMEET CBOW T'PAHULIBI
IIPUMEHUMOCTH, U MCIIOJIb30BAHUE 3aKOHA 3a IIPEeeIaMU
IpaHuUll MPUMEHUMOCTH BEJIET K OIITHOKaM.

Petienue npo06iaeMbl 31€KTPOMArHUTHON MacChl ObLIO
noaydeHo B 1974 r. [4], HO Torja 3To pelnieHue ObLIO
OTKJIOHEHO M3-3a TOr0, YTO aBTOPbI HE MPEACTABHIN
«PENATUBUCTCKHIN» BapUaAHT J0KA3aTEIbCTBRA.

CyTb penieHus npoosieMbl 3JIEKTPOMAarHUTHON MaccChl B
cienyroumeM. beuio 10Ka3aHo, 4TO 3aKOH COXpaHEHUs Y MOBa
CIIPaBEJIUB JJIs T10J1A 3apsA1a, OMUCHIBAEMOI'0 YPAaBHEHUSAM
[lyaccona. «PensiTuBUCTCKUIN pe3yabTaT OblI HAMIEH MO3XKE

[5].
Hrtak, mIoTHOCTh MOTOKAa YMOBA JIJIs TIOJIA 3apsijia paBHa [5],

[6]:

o 2
Jelaadg)

S, = - m,e°v (2.1)

DTa IUIOTHOCTH IIOTOKA COOTBETCTBYET ITPEICTABICHUAM
Knaccmueckoi Mmexannku HeroTona. bonee Toro, ObLT
yCTAHOBJICH 3aKOH OajlaHCa KHHETUYECKOW YHEPIUH MOJIS
3apsana. B 3ToM 3aKOHE yCTaHOBJIEHO, UTO KUHETUYECKAS
SHEPruUs IMOJIA 3apsijia paBHA.
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E, =m)/2

CyIIHOCTB 3TOT0 3aKOHA MOKHO MPOUJLTIOCTPUPOBATH
npuMepoM. BOKpyr mpoBOIHMKA ¢ TOKOM BO3HUKAET
MAarHMTHOE MoJie. ECIM TOK yBEJIMYUBAECTCA, BO BCEM
MPOCTPAHCTBE, OKPYKAIOIIEM ITPOBOJIHUK, BOSHUKAET HOTOK
DHEPTUM, HAMPABJICHHBIN OT IMMPOBOJHUKA. DTOT ITOTOK
YBEIIMYMBAET MAarHUTHOE TIOJIE U SHEPTUIO 3TOTO MOJIst. Ecium xe
TOK YMEHBIIAETCS, TO BO3HUKAET MOTOK, HAPABICHHBIN K
IIPOBOJIHUKY C TOKOM. I10TOK cTpemMuTcs nogaepxarb TOK B
MIPOBOJIHUKE 34 CYET YMEHBIIEHUS MATHUTHOTO TOJIA,
OKPYaIOIIEro MPOBOJIHUK.

Bce kmaccuueckue COOTHOIICHMS, CIIPABCAJINBLIC IJIA
MCXaHHUKH HI)IOTOHa, HUMCKOT MECTO IJIA BHCKTpOMaFHHTHOﬁ
MAcCCBhI.

P=myv,E=E +E =mj[c*+Vv>*/2) (2.2)

rJe: Ep uk , TOTCHIIMAJIbHAs M KUHETHYECKast DHEPIruH,
COOTBETCTBEHHO.

CootHouuenus (2.2) e 3asucam om cmpykmypul 3apsija.

OTcroza cieryeT BaKHbIN BBIBOJI: KAKYIO Obl NpUPOOY He umend
UHEePYUATbHASL MAccad, OHA OyOem 6ce20a umems CMAHOAPMHbIE
CB0UCMBA 0OLIYHOU UHEPYUATbHOU MACCHL.

3. Knaccudmkaumsa pnamyeckux 3akoHoB

[Ipex e, yem NnepenTy K ONTUCAHUIO B3aUMOJICUCTBUS 3aps10B,
TOKOB U T.JI., MbI IOJDKHBI pa300paThCs C MOHATHEM
«B3aMMOJICHCTBHE)» 1 IMMO3HAKOMUTHCS ¢ KiIacCupukaruein
dbuzndeckux 3aKOHOB. [IOHATHE «B3aUMOJICHCTBUE) UTPACT B
busuke GyHIaMEeHTATbHYIO POJib. MBI HE CMOXKEM OOHAPYKUTH
O0OBEKT 10 TEX MOP, MOKA OH HE B3AaUMOJICCTBYET C KAKUM-
6o apyrum o0bekToM. B bombliioi coBeTckoi
SHIUKJIONICIUHA MOKHO MPOYECTh:

«bblno gokaszaHo, 4To B3auMoaencTemne SNEKTPUHECKN 3apPAXXEHHbIX
4acCTuL OCyLECTB/IAETCA HE MTHOBEHHO N NEPEMELLEHNE oAHOM
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3apsXKeHHOM YacTuubl NPUBOANUT K U3MEHEHMUIO CUJT, AENCTBYOLWMX Ha
Apyrue yactuubl, HE B TOT XX&€ MOMEHT BPEMEHMU, a TINLLb CMYCTSH
KOHeYyHoe BpeMs. B npocTpaHCTBE Mexay YacTuuaMmy nponcxoamTt
HEKOTOpPbIA MPOoLEecCc, KOTOPbIM pacrnpoCTPaHSAETCS C KOHEYHOW
CKOpOCTbiO. COOTBETCTBEHHO CYLLECTBYeT «MOCPefHUK>,
OCYLLEeCTBASAOWNNA B3aUMOAENCTBNE MeXAY 3aPSAXXEHHbIMU YacTuuaMu.
ITOT nocpeaHunK 6bla Ha3BaH 21e€KTPOMArHUTHOM BOJSTHOM»

DTOT NPEeAPaCcCyI0K, «COCTUHSIOIIAN» TTOJIS 3apSAI0B U MOJIS
AJIEKTPOMArHUTHBIX BOJIH B €IMHOE 11eJIoe 0€3 ydyeTa pa3anyus
UX CBOMCTB, IITUPOKO PACIIPOCTPAHEH B COBPEMEHHOM (hU3HKE.
[IpuunHa, kKak 00 3TOM MUCAIOCH B [3], B TOM, UTO YUEHBIC «HE
3aMETUJIN» BO3MOXXHOCTh HAPYIICHUS €IUHCTBEHHOCTH
pellieHus BOJIHOBOrO ypaBHeHMs. bosee Toro, hbusuku
MOJIB3YIOTCS MTHOBEHHO JICUCTBYIOIIMMU MOTCHIIMATaMHU, HE
mojio3peBas 3Toro [3].

YT00bI 0OBSACHUTH MPUHITUIIBI, TTOJIO)KEHHBIE B OCHOBY
KJIacCU(PUKAIIMU, HATTOMHUM HEKOTOPbIE MOJIOKEHUS (PU3UKH,
KAaCaroIIMECs MPUHIIANA OTHOCUTEIbHOCTH.

1. Ilpuanun otHOcUuTenbHOCTH [ anunes: «lIpsamonuneitnoe u
PAaBHOMEPHOE JBUKEHUE CUCTEMbBI OTCUETA HE BIIUSICT HA
X0 MexaHu4ecKkux MporeccoB B CUCTEME.

2. Ilpunnun otHocutenbHOCTH [lyankape — DUHIITEMHA:
«Bce uszuyeckue nponecchl Npu OJIMHAKOBBIX YCIOBUIX
IIPOTEKAIOT OAMHAKOBO BO BCEX MHEPLMUAIIBHBIX CUCTEMAX
OTCYETA.

BTopyro hopMyaupoBKy MOKHO pacCMaTpHUBaTh KaKk
omnpaBaaHHOE 0000IIeHNE MPUHIIUIA OTHOCUTEIBHOCTH
["anunes Ha 1706ble TPOIIECCHI B IPUPOJIE. MBI TOBOPUM
«MO’KHOY TI0 TOU MPUYHMHE, YTO MPABUIBHOCTH 0000IICHMS
3aBHCHT HE TOJILKO OT IIPaBUILHOCTH (POPMYIIMPOBKH, HO U OT
PaBUILHOCTHU peanuzayuu 3Toro oooomenus. [Ipumepom
MOXKET CIYKUTh MPABUIBHOE YTBEPKICHUE O HATUYNU Y
3apsijia AJEKTPOMAarHUTHOW MacChl U peau3aius,
ONMpaBIIAasICs Ha HCIOJIb30BaHNEe BekTopa [loitHTHHra 3a
rpaHUIIaMHU €r0 TPUMEHUMOCTH.

DWHIITEHH peann30Ball 3TOT MPUHIIUI CIAETYIOIINM CIIOCOO0M.
OH B3I 32 OCHOBY ypaBHEHUsI MakcBesia (B KaTuOpOBKe
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Jlopenna), a B KauyecTBe MpeoOpa3oOBaHUs UCIIOJIb30Ba
npeoOpaszoBanue JlopeHiia, OTHOCUTEIBLHO KOTOPOTO
ypaBHeHust MakcBeia Obuti HHBapuaHTHbI. Kitaccuueckas
MEXaHHKa ObljIa «IOAMPAaBICHA» TAK, YTOOBI MPU MaJbIX
CKOPOCTSAX MaTeMaTHU4eCKHUil (hopMaiu3M pelITUBUCTCKON
MEXaHUKHU TIEPEXO0 U B MaTeMaTHYECKUM hopMain3m
Mexannku Herotona. [Ipeobpa3zoBanue JlopeHua ObL10
pPacIpOCTPAHEHO Ha 8ce He3 UCKAIUEHUs NPoYyeccyl B TIPUPOJIE.
OpxHako 3T0 00001IeHUE TPUBEIIO K TPYAHOCTSIM:

1. Y3 Teopuu mo3HaHUS U3BECTHO, YTO JHO00E KOHKPETHOE
dbuznueckoe nojoxkeHue (Teopus, ypaBHEHUE, 3aKOH U
T.J.) BCET/1a UMEET TPAHUIIBI MPUMEHUMOCTH, 32 KOTOPBIMHU
OHO TEPSIET CBOIO CHITY. DTO MOJOKEHHUE KACAETCS KaK
npeoOpaszoBanus JlopeHiia, Tak U npeodpa3zoBaHUs
[Nanunes. Kaxnoe npeoOpa3oBaHue OTBEYACT 3a C8OHO
oonacms.

2. MaremaTuueckuid popmann3m pesiTHBUCTCKON MEXaHUKU
OKa3aJICA HEKOPPEKTHBIM. PenaTuBucTckuu
BAPUAIIMOHHBIN MPUHIIUI HE MO3BOJISLI OJHO3HAYHO HANTH
YPaBHEHHE JABHKEHHUS YACTUIL U MOJISI B AJICKTPOJUHAMUKE
171, [8].

3. PensTuBUCTCKAas MEXaHUKA CPA3Y )KE CTOJKHYJIACH C
TPYJHOCTAMH B OOBSICHEHUU (PU3UUECKUX SIBICHUN
(HampuMep, «Imapagokc peiuara»). OHa BHeCIa Maccy
2HOCeO0NI02UYeCKUX OuUOOK B HBIOTOHOBCKYIO MEXAHHUKY.
[ToHsiTME «B3aMMOAEHUCTBUE) MOABEPTIIOCH CYIIECTBEHHOU
PEBU3HN.

CoJepkaHre 3TOTO MOHSATHUS MbI ceiiuac U 00CyaUM.
PaccMmoTpuM JiBa 00BbEKTA, KOTOPHIE B3AUMOACHCTBYIOT MEXIY
co00ii. ITO B3aUMOJIECTBHE MOTYT HAOJIIOJaTh HECKOJBKO
HaOr01aTeNnei, HaXOASIIUMXCS B Pa3JIMUHbIX HHEPLUHATbHBIX
cUCTEeMax OTCUeTa. 3aBUCHUT JIM B3aUMOJEHUCTBUE OT TOTO,
KaKyl0 CUCTEMY OTCU€eTa BbIOpasl ceOe HaOI01aTelb?

[TpaBUIIBHBIN OTBET HA 3TOT BOIIPOC O3HAYAET NPABUTbHOCHLb
peanuzayuu TIPUHITMIIA OTHOCUTENIBHOCTH ["anuies u ero
0000111eHUS Ha J1700ble TIpolecChl. PasymeeTcs, camu
HAOII01aTC/IM HEe MOTYT BIIHSTH Ha MPOIIECCHI,
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COINPOBOXKIAIOIINE B3aUMOIEUCTBHE.

Mexanuka HproTOHa (M3Ha4YaIbHO) OTBEYaa Ha ATOT BOIIPOC
oTpulaTeabHo. B3anmoaencTBue Ten npoTeKaeT 00bEKTUBHO,
HE3aBUCUMO OT YMCJiia HAOII0AaTeNel U OT UX BbIOOpA
MHEPLUHATBHBIX CUCTEM OoTcueTa. HanpoTus, pensiTUBUCTCKAs
MEXaHMKa JIa€T MOJIOKUTEIIbHBIN OTBET: B3aUMO/ICUCTBUE
3asucum OT Takoro BbeiOopa. MTak, conepkarenbHas CTOpOHa
OTHOIIICHUS «HAOII0AATEIh — B3aUMOJICUCTBYIOIINE OOBEKTHD)
B 3TUX ME€XaHUKaX NPUHIUIHUAIBLHO pa3JIMYHAa.

Ecnu B3aumoieiictBue deticmeumenbHo UMEET 00bEKTUBHBIN
xapakrtep (He 3aBUCUT OT BOJIEBOTO BbIOOpA MHEPLIHATBHOMN
CHUCTEMBI OTCUETa), TOT/Ia PENSTUBUCTCKAS MEXaHUKA
OKa3bIBAETCSI THOCEOJIOTUUECKU HeCOCMOosmelbHOlU TEOPUEH,
T.€. HegepHol peanu3anueid 1 0000IIeHHeM TTPUHITUTIA
OTHOCUTENBHOCTH [ anues.

st GopMyIMpOBKHM KitacCU(PUKAIIMK 3aKOHOB HEOOXOIMMO
TENnepb NO3HAKOMUTHCS C MPU3HAKAMU, OTJIMYAOIIMMHU J1BA
TEPMUHA: «SIBJICHUE» U «CYITHOCTHY. [IponsitocTpupyem 3Tu

pasnuuus [9], [10], [11].

WTak, mycTh JIBa T€Ia B3aUMOJICUCTBYIOT APYT C APYTOM.
YTo0Ob1 HAOIIOAATH 3TO B3aMMOACHCTBHE, MBI MOXKEM BBHIOPAThH
HEKOTOPYIO MHEPIHAIBHYIO CUCTeMY oTcueTa. OTHOCUTEIbHAs
CKOPOCTbH V HHEPIHAILHON CHCTEMBI (HaIIpUMeED,
OTHOCHUTEJIBHO LIEHTPa Macc TeJ) U yroJ HabmoaeHus 0(f) ecTh
ycaosus HabMIOACHNS B3aUMOJICHCTBYIOIMNX TEJI U U3MEPECHUS
apaMeTpPOB, XapaKTEPU3YIOIINX B3aUMOJICHCTBHE.

Bce, uto 3asucum ot ycnosuii (v, 0), T.€. TO, 4YTO MbI BUJIUM U
U3MepsieM B U30paHHOM CUCTEME OTCUETA, €CTh COBOKYITHOCTh
sA6/IeHUI U UX XapaKTepUCTUK. MTak, ssiBlIeHue 3agucum oT
yCJ0BUH ero HaOmoaeHust. OJHAKO caM MpoIece
B3aMMOJCUCTBUS OOBEKTUBEH, T.C. He 3a8uUcum OT ITUX
YCJIOBHH.

CywHocmb COBOKYITHOCTH HAOJIOIa€MbIX SIBICHUM €CTh TAKOE
OMHMCAHKE B3aUMOJICUCTBHUSI, KOTOPOE He 3asucum OT YCIIOBUI
HaOJIFOJIEHUSA SIBJICHUU.
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MpbI HE MOkKEM BUAETh CYLLIHOCTh HENOCPEACTBEHHO. [lepexon
OT COBOKYITHOCTH SIBJICHUH K ()OPMYITUPOBKE CYIITHOCTH
cioxeH. Eciau ronoBel uccienoBaTeneil «3a0uThl
IpeapaccyIKamm» U JOrMaMU, U K€ €CIIA SIBJICHUI
HEJOCTATOYHO U OHU COJIEPKAT HE BCIO HEOOXOIUMYIO
uH(popMaIro, To UCCIAEAOBATEIN PUCKYIOT AaTh HEBEPHBIN
«IOPTPET» CYUIHOCTH.

31ech ciaeayeT MOMHUTD MPaBuio, ChOpPMYyIUPOBAHHOE
['erenem: « CyIIHOCTD ABISAETCA. SIBIEHHE CYyIIECTBEHHO.
NHpIMU CI10BaMU, CYLLIHOCTD IIPOSIBIISETCS Yepe3 ABICHUS, a
SBJICHUE COACPIKUT 3€PHA U YEPThI CYITHOCTH, T.€. TAKUE
UHEAPUAHMHblE XAPAKTEPUCTUKU, KOTOPBIE HE 3aBUCAT OT
yCJI0BUI HAOJIIOJICHUST B3aUMO/ICHCTBUSI.

[Tocne 3TUX MOSCHEHUM MBI MOYKEM TEPEUTH K KIaCCU(PUKAIIUU
(pU3NYECKUX 3aKOHOB. B COOTBETCTBUM C TPUHLIMIIOM
OTHOCUTEJIILHOCTH MBI MOYKEM YTBEPKIATh, UTO 3aKOHBI
IPUPOBI He 3asucsm OT BbIOOpa HaOII0AaTeIeM
MHEpUHAIBHOM crucTembl oTcueTa. Kak crnencrsue popma
ypaBHEHUH TaKke HE JI0OJKHA 3aBUCEThH OT Takoro BridOopa. Ho
MPUHIUIT OTHOCUTEIILHOCTH HUYETO HE TOBOPUT O
MIEPEMEHHBIX, BXOAAIINX B YPAaBHEHUS], HA KOTOPBIE JEUCTBYIOT
MAaTEMATUYECKNE UHBAPUAHTHBIE oriepaTopsl. HekoTopsie
NepeMEeHHbIE MOTYT 3aBUCETh OT BHIOOpPA CUCTEMBI OTCUETA.
OTO XapaKTEPUCTHUKHU SBJIICHUU. [[pyrue He 3aBUCAT OT 3TOTO
BbIOOpa. OHU — XapakTepuCcTUKHU cyHocTu. Knaccudukanus
3aKOHOB OIHpaeTcs Ha 3To paziauuune [9], [10].

YpaBHenusi HenpepbiBHOCTH. DopMa 3ak0oHA (YpaBHEHMUS)
OCTaeTCs Heu3MeHHOU OTHOCUTEIBHO ITPeoOpa3oBaHus
KOOpJIMHAT U BPEMEHHU, T.€. HE 3aBUCHUT OT BhIOOpA
MHEPLMAIILHOM CUCTEMBI oTcueTa. Ho camu nepeMeHHbIE,
BXOJIAIINE B YpaBHEHHUS (HAIIpUMeEp, MTOTCHIIUAIIBI ), 3aBUCAT OT
Hero. meet mecto oToOpakeHue (MpoeupoBaHue) 3TUX
MEPEMEHHBIX U3 CUCTEMBbI OTCUETAa UICTOYHUKA, CO3/Ial0IIETO
MOJIs1 U MOTEHIINAJIbI, B CUCTEMY OTCUYETa, CBI3aHHYIO C
HaOmoaaresneM. [IpumMepoM MOTYT CIy>KUTh YpaBHEHUE
HETPEPBHIBHOCTH ISl TOKA, yPaBHEHUE HETPEPHIBHOCTH IS
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CKAJISIPHOTO TTOTeHIMana (ycioBue kanuopoBku Jlopenia),
ypaBHeHUs1 MakcBesia, MTHBapUaHTHBIE OTHOCUTEIHHO
npeoOpazoBanus Jlopenua u 1.1. O npenenax NpUMEHUMOCTH
npeoOpa3oBaHU KOOPJAUHAT U BPEMEHU MbI IOTOBOPUM TO3XKE.

YpaBHeHusi B3aumoaencrBusi. Kak Mbl BBISICHUIIN,
B3aUMOJICHCTBUE €CTh 0OBEKTUBHBIN MPOLIECC, HE 3aBUCSIIUN
OT BbIOOpa HaOJIIOIaTeIeM HHEPIIMATbHOM CUCTEMBI OTCUETA.
CnenoBatenpHO, (hopMa ypaBHEHHUIN COXPAHICTCS HeU3MeHHOU.
OHa He npeoOpa3zyeTrcs Mpu nepexoae HadIoaTeNs U3 OaHON
CHUCTEMBI OTcueTa B Apyryro. CiaraeMbie, BXOASIINE B
YPaBHEHUS B3aUMOJACUCTBUS, TOJKHBI 3aBUCETH TOJIBKO OT
OMHOCUMEIbHLIX PACCTOSIHUN U OMHOCUMENbHBIX CKOPOCMEN
83aUMOO0elCMBYIWUX 00beKkmo8. ITa 3aBUCHUMOCTD JIOJIKHA
OBITh TAKOBOM, YTO MPH IIEpEX0/ic HAOII0AATEIIsI U3 OTHOM
VHEPLUAIILHON CUCTEMBI B APYTYIO 3TU OTHOCUTEIIbHbIE
BEJIMYMHBI JOJKHBI COXPAHITHCA HEU3MEHHBIMU,
HE3aBHCHUMBIMH OT BBIOOpA MHEPIIUAIBHOM CHCTEMbI OTCUETA.

K 1By™m yKka3aHHBIM BHUJIaM YPaBHEHUN MOXHO JOOABUTH €IIE
JIBa BBIPOXKJICHHBIX BUJIA:

YpaBHeHUS CTATUKHU, ONTMCHIBAEMbBIE OIIEpaTOpPaMH,
3aBUCAIIMMH TOJBKO OT KOOpPAWHAT. BpeMst B HUX BBIPOKICHO
(oTcyTCTBYET).

Tonosioruyeckue ypaBHeHusi. B 3THX 3ak0HaX BBIPOKJICHO
npocTpaHcTBO. [I[puMepoM TOMOIOTUYECKUX YPAaBHEHU MOTYT
CITY>KUTb 3aKOHBI TCOPUU DIIECKTPUUYECKHUX LIENEH (3aKOHBI
Kupxroda, Hanpumep).

Nnmroctpanus, npuBenenHas B bCO, HEKOPPEKTHA 110 MHOTUM
npuyrMHaM. ABTOp CTaThU JIYKAaBUT WJIM K€ HE MOHUMAET CYTh
CBOETO «JI0Ka3zarenbcTBay. Ha camom nene B mpumepe u3z bCO
UMEIOT MECTO 08d HE3aBUCHUMBbIX B3aMMOJAECHCTBUS U, 11O
MEHBIIIEH Mepe, uemvlpe 00bEKTA.

llepsoe B3anMOJIEMCTBUE €CTh B3aUMOJIeMCTBUE 3apsiaa 1 ¢
HEKHWM HEU3BECTHBIM OOBEKTOM, KOTOPHI BbI3BAJI YCKOPEHUE
3apsijia 1 1 M3 IydeHue 2JIEKTPOMArHUTHOM BOJIHBI
(KyJTOHOBCKUM B3aMMOJEHCTBUEM MpeHeOperaeM, X0Tsl OHO
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CyllIecTBYyeT!).

Bmopoe B3anmo1eicTBUE €CTh BO3IEUCTBUE
AJICKTPOMArHUTHOU BOJIHBI, POKICHHOU 3apsiioM 1, Ha 3apsan 2.
DTOT HEKOPPEKTHBIN IPUMEP HEOOXOAUM eMY IS
«00OCHOBaHUS TaK HA3bIBAEMOU npeodenbHOU CKopocmu
pacnpoCcTpaHEeHUs B3aUMOJICHCTBUI. DTa CKOPOCTh €CTh

npeapaccyok.

4. TpyAHOCTU PENATUBUCTCKOro 00 bACHEHUSA
B3aumMoaencTeBmmn

Kak u3BeCTHO, PEISTUBUCTCKUE YPAaBHEHUS, OIMMCHIBAIOIINE
B3aMMO/JICCTBHS 3apsI0B HE YAOBJICTBOPSIOT MMPUBEACHHOU
BBIIIE KJIacCU(PUKAIUU. DTO IPUBOIUT K TpyaHOCTIM. Hrke
MBI IIPUBEIEM HECKOJILKO MPUMEPOB. B otimume ot
OTEYECTBEHHBIX aBTOPOB YICOHUKOB, KOTOPBIC YKIIOHSIOTCS OT
aHanu3a npooOiieM, 3apyOekHbIe aBTOPHI BCE KE YACTIIIOT UM
HEMHOTO BHUMAaHMUS.

Hpumep 1. Otot nmpumep B3AT 3 §4...9 «Jlopenuena cuia u 11
3akoH Hprotona» [12]. ABTOp 3TOM MOHOTrpaduu, Mo J00HO
aBTOpPY LMTHUPOBAHHOU cTaThu U3 bCO, paccmarpuBaer
B3aMMOJIEVCTBHE JIBYX 3apsAJI0B €, U e,, KOTOPbIE IIOKOATCS B
HEKOTOpOH cucTeme orcuera. ITycTs 3aps e, coBepiaer
IEpEMEICHNE B HAalIpaBJIeHUH 3apsaaa e,. Mcnonn3ys
3aIa3IpIBAOIINE MOTEHIUAIBI 1 MAKCBEIUIOBCKAM TEH30D
HATSIKEHUH, OH BBIYUCIISIET CUJIbI B3aUMOJCUCTBHS 3aps/I0B U
INPUXOJUT K BEIBOLY, 4TO «...F , #F, , T.e. TpeTnii 3aKoH
HproToHa HE BBITIOTHSIETCS». BUHUAT OH B 3TOM KJIACCUYECKYIO
Mexanuky HprotoHa. Mal yxe o0cyumu 3Ty mpooiiemy B
npeabiayiemM naparpade. 3aMeTuM, 4To 3TOT IPUMEP
NEPENUChIBACTCS U3 YUeOHHKA B YUEOHUK, U HUKTO HE JKEJIAeT
OCMBICIIUTh TIPUYHMHBI HAPYIICHUSI MEXaHUKH HbroTOHa.

ITpumep 2. OtkpoeM «DeiiHMaHOBCKHE JeKuun» [13] (111.26,
§2). OH paccMaTpUBaeT 1Ba 3apsaaa g, U ¢,, KOTOPBIE JIBUKYTCS
BJIOJIb JINHU, IEPIICHAUKYJISIPHBIX APYT IPYTY, HO TaK, 4YTO
BTOPOU 3apsAJi YCIIEBAET MPOCKOYUTH IIEPE] MEPBBIM Ha

04.09.2010



Page 14 of 23

HCKOTOPOM paCCTOAHUUN OT HCI'O.

P. ®ertaman npeyraraet pacCMOTPETH Clydal, KOrjaa BTOPOU
3apsiJl epecekaet nyTh nepBoro. OH mMUIeT: « JMEKTPUUECKHE
CWJIBI, JEMCTBYIOIINE HA ¢, U ¢, PABHBI 10 BEJINYMHE U
IPOTUBOIIOJIOXKHEI 10 HanpasjaeHuto. OIHaKo Ha g, elle
nercTByeT O0KOBasi (MarHUTHAs) CUJia, KOTOPOW HET U B
IIOMHHE Yy ¢,. PaBHO 11 NelCTBUE NPOTUBOJEHCTBUIO?
[TosiomaiiTe rosoBy HaJl 3TUM BOIIPOCOM).

B nipumepe nipuHUKTI paBEHCTBA AEUCTBUS IIPOTUBOIEHCTBUIO
HapymieH. Ho, ecinu Mbl BBIOEpEM CUCTEMY OTCUETa, B KOTOPOH
3apsibl OyIyT ABUTAThCSl HABCTPEUY APYT APYTY, TO TPETUI
3akoH HeroToHa Oynet BeInonHAThCs! Tak 4To e UMeeT MeCTO
«HA caMoM Jziene»?

ITpumep 3. Teneps paccmoTpuM npumep u3 [14] (§14.2
«IToucku abconOTHOM cucTEMBbI 0TcueTa»). [lycth nBa
AJIEKTPOHA, KOTOPhIE B COOCTBEHHOM CHCTEME OTCUEeTa
PACIIOJIOAKEHBI HA PACCTOSTHUU L APYT OT APYyTra U HEMOABUKHBI.
B nBrkyuiencs cucteMe 0TCYeTa Ha JIEKTPOHBI JIOJKEH
JIEMCTBOBATH BPAIIAIOIINKA MOMEHT, PABHBIM:
2.2
M:Lg—v—zsiule (4.1)
dne L ¢
rJie: ¢ — BeJIMYMHA 3apsijia, V — CKOPOCTh JBUKECHUS 3apsiJioB, L
— PacCTOsSIHUE MEXY 3apsiaamMu, 0 — yrosi Mexmay
HAMPaBJICHUEM JABUKCHUSA U OTPE3KOM L.

ABTOpBI MUIIYT: «...TpayToH u HoOx neITanuck HabII01aTh
MoMeHT M Ha onbite. [1apanokc, BEI3BaHHBIN OTPULATEIBHBIM
PE3YIABTATOM ONBITA, IOKA3AIl MPYOHOCU, CYWECmE08A8UIUE 8
00penamueucmcKou 21ekmpoournamuxey. Kak roBopst: «c
OOJIBHOM T'OJIOBBI HA 3JOPOBYIO!».

PaccmarpuBas anee TOT e cliydaid, HO B pEeJISTUBUCTCKOM
BapuanTte ([14], §18.4 «KoOHBEKTUBHBIN MTOTEHIIUAI ), T
MOSIBJISIETCS TAKOM K€ BPALIAOIIMN MOMEHT, OHU 3aSBJISIOT O
TUTIOTETHYECKUX «KECTKUX CTEPIKHIX», KOTOPHIC
«HECOBMECTUMBI C TEOPUEH OTHOCUTEIBLHOCTHY, & IOTOMY
HOPTAT KapTUHY 00bsICHEHUs. BOT, ecii MOKHO ObLIO OBI
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y4EeCTh UX, TO BCE MOXKHO ObLIIO ObI 00BsICHUTH! «Bo BCsikom
ciydae, — MUIIYT OHU, — PABHOBECHUE €CTh CBOMCTBO
MHBApPUAHTHOE OTHOCUTELHO MIpeobpa3oBanus JlopeHna ...
[TonoxxeHue MoJHOCThIO AHAJIOTUYHO TOMY, KOTOPOE OBLIO MpHU
PacCMOTPEHUH TapaJioKca phlyara — BpaniaTeaIbHbIi MOMEHT
KOMITIEHCUPYETCSI IPUPOCTOM MOMEHTa UMIMyJibcay. Kputuky
0ecrioMOITHOTO OOBACHEHHUSI TapaJOKca pblyara YuTaTesb
MokeT HaiTH B [15], IIpunokenue 3. Uto kacaeTcs MOMCKOB
«a0COTIOTHON CUCTEMBI OTCUETa», TO OHA 3/IECh HU TIPH YEM.
Cama nmocTaHOBKa 3aJ1a4yd OIMO0YHA.

MbI MorJIH OBl MPUBECTH €11I€ HEMAJI0 TPUMEPOB, KOT 1A
peJICKa3aHus PeSIITUBUCTCKUX TEOPUN aBTOPHI OObSICHEHUH
BBIHYKJICHBI OITPOBEPraTh MPEICKa3aHUsI TEOPUU UITU KE
0e3/10Ka3aTeNIbHO YTBEPKAATh, UTO TaK HE JOJDKHO OBITh
BMECTO TOT'0, YTOOBI YCOMHHUTHLCSI B OCHOBAX dTOU TECOPUH.
[IpuunHa JeKHUT B HEB03MONCHOCU UHBAPUAHMHO20 ONUCAHUS
B3aUMOJICHCTBUS B paMKax PEISTUBUCTCKUX MPEICTABICHUM.
VY3ke 1aBHO cieAyeT NMpU3HaTh, YTO PEASTUBUCTCKAA MEXaHUKA
HE B COCTOSIHUH JIaTh MPaBUIIBHOE OMHUCAHNUE U O0BSICHECHUE
B3aNMOJICICTBUSI OOBEKTOB.

5. Bsanmopgencrteue ABMXKYLLUMXCA 3apsanoB

Kaxk mbI y>xe roBopuiiy, J100asi KOHKpETHAs Hay4dHas UCTUHA
UMEET FPaHUIIbl TPUMEHUMOCTH. ITO OTHOCUTCS U K
npeoOpaszoBanuto ['anumes, u k npeodpazoBanuto JlopeHiia.
Kak mMb1 yOenunuch, pesisiTuBUCTCKas (JTOpEHI-KOBapUaHTHAS)
MEXAaHHUKA 3apPSKECHHBIX YaCTUIl HE B COCTOSTHUM TTPABUIIBHO
OOBSICHUTH B3auMOJIeicTBUs yacTull. Hanpumep, ona
MIPEICKA3bIBACT MOSBJICHUE BPAIIAIOIIETO MOMEHTA, U TYT XK€E
CTOPOHHUKH CIIEIUAIIBHOW TEOPUU OTHOCUTEILHOCTH
YTBEPKJIAIOT, YTO 3TOTO0 MOMEHTA JIM0O HET, JIMOO OH
«CKOMIIEHCUPOBAH» «KECTKUMU CTEPKHAMMU» U T.II.

Kak yxe Mbl mucanu, KaKJ10€ KOHKPETHOE (PU3UUECKOE
MOJI0KEHUE UMEET TPAHUIBI TPUMEHUMOCTH. ONUPASICh HA 3TO
MOJI0KEHUE TEOPUH MO3HAHUS, MBI BBIJIBUTAEM CIIEIYIOIIEE
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npemioxenue. [IpeodpazoBanue ["anunes cnpaBeIuBoO s
B3aUMOJCHCTBUS MHEPIMAJIbHBIX YacTuil. IIpeoOpa3oBanue
JlopeHnia npuMeHUMO 711 O€3bIHEPIIUATIBHBIX 3aPsI0B U TOKOB
U UX noser. Bo BCIKOM cilydae, Jake eCIIU 0JIs U yPaBHEHUs
MHEPUHAIBHBIX TN OyIyT NOAYUHATHCS Oojiee 001IeMy 3aKOHY
npeoOpa3oBaHus, HEXKEIH TATHICEBCKOE, PE3YIbTATHI
OCTaHyTCs CIPABEIJIMBBIMHU JJIS1 MAJIbIX CKOPOCTEMN 3apsKEHHBI
YaCTHII.

WMHBIMH CITOBaMH, MBI BBIJIBUTAEM CJICIYIOINICE MOJIOKEHHUE:
pasHule ceolicmea noJell (3ana3/ibIBaHie, MTHOBEHHOE
JICHUCTBHE U JIP.) — pasziuuHble YPAGHEHU, Ompadicaroujue Smu
ceoticmaa (TUNepOOINIECKOT0 THIIA, DJUTAIITHYECKOTO THIIA U
T.Il.) — pa3Hvle 3aKOHbl NPEoOdPA308aAHUs SMUX NOJell
(moougpuyuposannoe npeodpazopanue Jlopenna [9], [10], [11],
npeodpazoBanue ['anumnes u 1.1.).

YTo KacaeTcs 3IEKTPOMArHUTHOM BOJIHBI, TO 31€CH BOIIPOC
OCTaeTCs OTKPBITHIM. J[J1s1 OTBETa Ha HETO HEOOXOIUMBI
JIOTIOJTHUTEIIbHBIE SKCIIEPUMEHTAIbHBIE U TEOPETUYECKUE
HCCJICIOBAHUS.

HccnenoBaHnue B3anMOICHCTBU B MEXAHUKE, KOTJIA SHEPT U
B3aMMO/JEHCTBHUS 3aBUCHUT HE TOJIHLKO OT OTHOCUTECIILHBIX
PACCTOSTHUM MEXKy Te€JIaMH, HO U OT OTHOCUTEIbHBIX
CKOPOCTEU B3aUMOJICMCTBYIOIINX YACTUII, IIOKA3AIIO
CIJIeayIONIEE.

e B3aumopericTeue B pamkax MexaHuku HeroToHa
OIIHMCELIBAETCS 00beKmu6eHo, T.€. OIMUCAHUE B3aUMOJECUCTBUS
HE 3aBHCHUT OT BbIOOpa HaOIII0aTeIeM HHEPIIHATbLHOM
CHUCTEMBI OTCUETA.

¢ B pamkax mexanuku HproTOHA BCerjia MMeeT MECTO
PABEHCTBO JACUCTBUA MPOTUBOACUCTBUID. CHIIBI
B3aUMOJICHCTBUS HE 3aBUCST OT BbIOOpaA HaOItO1aTEIEM
MHEPIMAJIbHON CUCTEMBI OTCUETA, T.€. OHU SIBJISIOTCS
XapaKTEePUCTUKAMU CYUWHOCHU B3aUMOJICCTBUS U UMEIOT
00beKMUBHDLIL Xapaxkmep.

e Pabora, coBepimmaeMas KaxJIbIM B3aUMOI€HCTBYIOIIUM
TEJIOM, TAKXKE SBJISAECTCS OJTHOM M3 XapaAKTEPUCTUK
cywyHocmu. OHa UMeeT OObEKTUBHBIN XapakTep, T.€. HE
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3aBUCHUT OT BbIOOpaA HAOJIIOJaTENIEM HHEPIUATIBHOM
CUCTEMBI OTCUETA.

e Onrcanue B3aMMOJECHCTBUS OTBEYAET TPEOOBAHUSIM,
BBITEKAIOLIUM U3 KAIACCUPUKAYUU DUSUUECKUX 3AKOHOS.

B pamkax HEpeNATUBUCTCKON MEXAHUKU PACCMATPUBAJIUCH
B3aUMO/ICMCTBHUS TOJBKO KYJIOHOBCKOI'O THUIIA, KOTOPBIE HE
MO3BOJISUTH AaTh 0OBSICHEHUE MATHUTHBIM SIBJICHUSIM. MBI
BBIJIBUHYJIM TUIIOTE3Y, YTO CKAISPHBIN ITOTEHLMAI [10JIS 3apsaaa
3aBUCUT OT CKOPOCTH. [1osIHasA 3HEprus AByX 3apsiKEHHbBIX
4yacTull B pamKax MexaHuku HeroTOHA paBHa:

2 2

1 3 Ay
E=mc (1+ 1+ —2) 4 e (1+—2
S 4nefq2{ 22 T 7 (.1

TIE: M, U M, — MacChl 3apSLDKEHHBIX YacTUL, ¢, U ¢, — BEJTHYHHBI
3aps/i0B, Vv, U V, CKOPOCTH IIEPBOTO U BTOPOTO 3apsioB, R, 1
V|, “OTHOCUTEIBHOE PACCTOSHUE U OTHOCHTENBHAs CKOPOCTh
3apsio0B.

DHeprus B3auMoiIeucTBUs B (5.1) 1Mo3BoIsI€T O0BICHUTD HE
TOJILKO OCOOEHHOCTH B3aMMOJIEUCTBHUS 3apsiIOB, HO U AaTh
OOBSICHEHHE MAarHUTHBIM SIBIICHUSIM B PaMKaX HbIOTOHOBCKOM
MexaHuku. Kak mokaszano B [5] u [15] npu B3auMoaeliCTBUSAX,
HanpuMmep, TOKOB UMEIOT MECTO CIIEAYIOIINE COOTHOIICHMUS.

Cuuibl B3aUMOJCHCTBHA JBYX IIPOBOIHUKOB JIIUHOM d, n dl, ¢
TOKaMH, COOTBETCTBEHHO, /| 1 [, paBHEL:

{fldll ) fz'ﬂz }

d°F,., =1L
=1 AnR}

Ry, =—dFy (5.2)

I[ToMuMO 3THX CHJI HA TPOBOJHUKHU C TOKAMHU JEUCTBYIOT
MOMEHTHI CHJI, PABHBIE:

M[fﬁﬂl ' fzfﬂz] _
AnA,

d*M,,; = ~d"M,, (5.3)
Takum o06pa3zom, Tpetuit npuHuun HeroToHa Beeraa
BBITIOJTHAETCS, & CUJIBI U MOMEHTBI CUJI HE 3aBUCST OT BbIOOpa
Ha0II01aTeNIeM HHEePIMAIbHOM CUCTEeMBbI oTcdueTa. Ha atom
yTH YAAJI0Ch AaTh MOCIEI0BATEILHOE OObSICHEHUE SBICHUIO
YHUMNOJISIPHOW UHAYKIUY [ 15], IpUHIUITY TEUCTBUS MOTOpa
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Mapunosa [15], nuH4-3¢dexty u T.1. B yacTHOCTH, NpU NMUHY-
s PekTe MosBISIETCA HE TOJIBKO MOMEPEUHOE CKATUE IITHYPa
MJ1a3Mbl MATHUTHBIM TI0JIEM, HO M BOBHUKAET PSiJl HOBBIX
adexroB. Hanpumep, B3auMoIeCTBUE CTATUBACT
OJIHOMMEHHBIEC TOKHU B CTYCTKH, pa3pbiBas IJa3My, a u3-3a
paszieneHust 3apsI0B BOSHUKAIOT MJIa3MEHHBIE KOJICOaHUSI.

Takum o6pa30M, HBIOTOHOBCKAasA MCXaHHUKaA IIPCKPACHO
CIIpaBJIsICTCA C OOBSICHEHHUSIMHA MarHUTHBIX SIBJICHUI BOIIPpCKH
OOBHUHEHUSIM PCIATUBUCTOB.

Bepremcs k npooneme E = mc?. OHa qajeka oT pa3penieHus,
IIOCKOJIBKY HET OTBETOB HA MHOTHE BOIIPOCHI.

1. Mmeer nmu 3HEPTUSA B3aUMOJIEMCTBUA 3apsA0B
WHEPIMAIIbHBIE CBOMCTBA?

2. OnpegnensieT M 3TO COOTHOLIEHUE TPABUTALIMOHHY O
Maccy?

3. I'me pacnonoxeHna Macca, OTBeJaroasi YJHePruu
B3auMOJEHCTBUS 3apsaa0B (mpodiema JI. bpumitoena)?

4. IMeeT v KMHETUYECKAsl IHEPTUsI CBOIO MacCy? ... U
Ipyrue npoOaeMbl.

3akn4yeHue

Hamu 0b110 IpoBe1eHO 00BEMHOE TEOPETUUECKOE
UCCIIEIOBAHUE OCHOB MEXAHUKH, CIICIIMAIbHON TE€OpUU
OTHOCUTEJIBLHOCTH, DJICKTPOJUHAMUKH U TEIEPh MOKHO
MOABECTH HEKOTOPHIE UTOTH.

HapyLweHne eAUHCTBEHHOCTU peLleHUsi BOJTHOBOIO
ypaBHeHuUsA

OT10 (pyHIaAMEHTANIbHBIN MaTeMaTUYECKUN pe3yJbTarT,
CJIEICTBUSI KOTOPOT'O celYac TPYJIHO OILIEHUTH B MOJHON Mepe.
JI71s1 DAEKTPOIMHAMUKY 3TO O3HAYAET OTCYTCTBUE B 00IIIEM
cilydae KaquOpoBOYHOH (TpaJiM€HTHOW ) UHBAPUAHTHOCTH. [t
CHEUHATBLHON TEOPUU OTHOCUTEIIHLHOCTH — (DAKTUUECKOE
UCIIOJIb30BAHKE B PEISTUBUCTCKON MEXaHUKE MTHOBEHHO
04.09.2010
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JIEMCTBYIOIIMX MOTEHIIMAJIOB BOIIPEKHU MOCTYJIATY O
CYILIECTBOBAHUHU IIPEAECIBHON CKOPOCTH paCIpPOCTPAHECHHUS
B3aUMOJJEUCTBUU U T.1I.

CneumnanbHasn Teopmnsa OTHOCUTEJIbHOCTU

Ha ocHOBaHUM HCCIE0OBAHUI MBI MOXEM C YBEPEHHOCTHIO
yTBepkaTh, uTo CTO ecTb nenayunas meopus, conepxaiias
HE TOJBKO OIIMOKU MaTeMaTUUECKOI0 XapaKkTepa
(MCTIOJTIb30BaHUE MTHOBEHHO JIEMCTBYIOIIUX MOTEHIIMAJIOB,
HEKOPPEKTHBIN PEIATUBUCTCKAN BAPUALIMOHHBIN MPUHIHAT [ 7],
[8] 1 11p.), HO U MHOYKECTBO THOCEOJOTHYSCKUX OMUOOK. MBI
MOEM YTBEPXKAaTh TAKXKe, YTO:

e ipeoOpazoBanue JIopeHiia He MPUMEHUMO K MEXaHUKE
B3aNMOJEHUCTBHS NHEPIUAIBHBIX YaCTHI], HO IPUMEHHUMO,
KaK MbI [OJIaraeM, K 0e3bIHEPIIMAIbHBIM 3apsijlaM U TOKaM
U UX TMOJISIM;

e B IIipeoOpa3zoBaHuu JIOpeHiia CKOPOCTh V €CTh KAMCYUAsCs
CKOPOCTh OTHOCHTEIBHOTO JBHKCHHUS HHEPIIHATbHBIX
CUCTeM oTcueTa. VIcTuHHAs CKOPOCTh OTHOCHUTEIIHBHOTO

naBvKeHus paBHa: V= v(1 —v?/c?)12[9], [10], [11];

e IIPOCTPAHCTBO SIBJISIETCS OOIIMM, a BpEMS €IUHBIM B
paMkax npeoopazoBanus Jlopenma [9], [10], [11].

MexaHuKa 3apsiXKeHHbIX YacTul (KBasuctaTuyeckas
aneKkTpoAMHaMMKa)

HaiineHno pemenre npo0yieMbl 3J1€KTPOMarHUTHOW MacChl U
pa3BUTa KJIACCHYECKasi TEOPUS B3aUMOACHCTBUS 3apsJI0B,
KOTOpas MO3BOJIMJIA 1aTh MPaBUJIbHOE (B OTJIUYHUE OT
PEIATUBUCTCKOIO BapraHTa) OOBbSICHEHNE MAarHUTHBIM
SIBJICHHSIM. ITO BEChbMa Ba)KHO, HAIIPUMED, IS QU3HKH
AJIEMEHTAPHBIX YaCTHIl, PU3UKU T1JIa3Mbl U T.J.

CTOMMOCTB CPETHETO IKCIIEPUMEHTA HA YCKOPUMENSX
971eMEeHMAapPHbIX YaCmuy COCTABIISIET BEIUYNHY NOPSIAKA
OJIHOTO MUWJIJIMOHA J10Ju1apoB. [Ipu HbIHEIIHEM Or0/IKETE
(brHaHCUPOBAHUS HAYUYHBIX UCCIIEIOBAHUN 3TO BEChMa
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conuaHas cymMma. [1o pesynbraraM SKCIEpUMEHTATbHBIX
MCCJIEIOBAHUM PACCUMUTBIBAKOTCS PA3JIMYHBIC NApaMETPhI
YaCTHIl M UINYTCS HOBbIE. UMCIIEHHBIE pacyeThl ONMPAIOTCS Ha
JIOPEHII-KOBAPUAHTHYIO PEJISITUBUCTCKYIO MEXAHUKY, KOTOpas,
KaK MbI [IOKA3aJIM, HECOCTOSITeNIbHA. MBI HE TIPOTUB
JOPOTOCTOSIINX dKCIIepuMeHTOB. Ho He npaBuiibHee ObLI0 OBl
YTOYHHUTH PaCUeTHBIC (POPMYJIBI U MIPOBECTH PEBUHIO
SKCIIEPUMEHTAIBHBIX PE3YJIbTATOB, HAKOTIUBIINXCS 32
TNIECATUJIETUSA UCCIIEI0BAaHUN? BRITh MOXKET DTO ceityac
HanOosee KopoTkuid myTh K HobOeneBckoil npemun?

Duszuka naazmvl TAKKE OMUPAETCS HA TY Ke Je(PEKTUBHYIO
PEISATUBUCTCKYIO MEXaHUKY. MBI YK€ TOBOPUJIU O TTUHY-
apdexte. CoBpemennas TOKAMAK crout nopsiaka 10...20
MHIJUTHAPAOB J01apoB. CTOUT JIM CTPOUTH TAKUE YCTAHOBKH,
UCIIOJIb3YSl COMHHUTENbHBIC ypaBHeHUA? He pazymHee Ob110 Obl
«IPUBECTHU B MOPAIOK» CYIIECTBYIOILYIO TEOPHUIO U
koHcTpyupoBath TOKAMAKHwU yxe Ha ocHOBe Ooiee
MpaBWIbHBIX MpeacTaBieHnii? HanoMHuM n3BeCcTHBIN adhopuszm
JILI. Jlannay: nem nuueco npakmuunee xopouieu meopuu.

Bbes3bliHepumanbHbie 3apsaabl U Toku [1], [2].
AneKkTpoanHaMmKa

3/1eCh TOIBKO OTKPBIBAETCS 00J1aCTh AJIs1 TPOBEICHHUS
UCCIieIOBaHUM Kak (QyHJIaMEHTaIbHOIO HAyYHOTO, TaK U
HAay4YHO-TEXHUYECKOTO XapakTepa. ECcTb 0oblas BEpOSITHOCTh
TOT0, YTO YJIACTCA NEPEKUHYTh MOCTUK OT KJIACCUYECKUX
TEOPUM K SIBIICHUSM MUKPOMHUDA.

Punococpua punsnkm

Jl1st coBpeMeHHOM (pU3KKU 3TO ceiuac, moxxanyi, Haubosiee
akTyanbHas npoosiema. [Ipu npoBegeHUN HAyYHBIX
MCCIIEJOBAHUM MbI IOCTOSIHHO HATBIKAJINCh HA
MHOT'OYMCJIEHHbIE THOCEOJIOTUYECKHUE OMMNOKU B (PU3NUECKUX
Teopusix. ['Hoceonoruueckas omubdKa 3T0 MPOTUBOPEUHE
MEXKIY COJIEpP>KaHUEM T€OPHH (TUIIOTE3bI) U
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MaTepUATUCTUISCKUM MUPOIIOHUMAHHUEM. 3a CTO JIET
dbunocodckoro Kpusrca Takux OMMOOK HAKOIMUIIOCH
MHOeCTBO. [Ipenedpexxenne dunocobdueit ecth pe3ybTat
OECITOMOIITHOCTU COBPEMEHHOM (hustocoduu mpu perieHuu
poOJIEM €CTECTBO3HAHMS.

BmecTo Toro 4to0bl «IIPUBECTH B MOPSI0OK» TCOPUIO TTO3HAHUS,
[Tpesunnymom PAH 6buta coznana Komuccus o 6opnoe ¢
JKeHayKou U (anbcuduKaen Hay4YHbIX UCCIIEIOBAHUM.
Kaxkosa ee uenp?

e 3amPETUTH JIFOSM Pa3MBIIUISATh O MPOOIeMax HayKu?

e 3anpeTuTh 00CYX JIaTh 3TH NPOOJEMbI U BBIIBUTATh CBOM,
HOBBIC HAYUYHbIC TUIIOTE3bI, TPOTUBOPEUAIIINE
COBPEMEHHBIM IPEICTABICHUSIM.

e He TpeBoxuTh, Hanpumep, CeHUAIBHYIO0 TEOPUIO
OTHOCUTEJBHOCTH U APYTM€ MOJIHbIE TEOPUH CBOEU
KPUTUKOM ?

e 3aIIPETUTH «UyJaKamM» CTPOUTh CBOM KOHCTPYKIUHU U
n300peTaTh YTO-TO HOBOE?

e 3anpeTuTh UCCIEAOBATENSIM MTOCTAHOBKY COOCTBEHHBIX
SKCIIEPUMEHTOB 10 MPOBEPKE CBOUX UAEU U TUIIOTES?

o 11 xe 3allpCTUTL BCCM I'paAXKAAHAM CAMOCMOAMENbHOE

3aHATHUE HAYKOW, COXPAHUB 3TO IIPABO TOJBKO 32 HAYYHOU
AAUMOU?

Takoe pereHne HayYHOU 31Umbl 3aCTABIISAET KPACHETH
3JIpaBOMBICIISIIUX JTtoJIei. UTo KacaeTcs MUCTU(PUKATOPOB,
mapiaaTaHoB, aQeprCTOB U MPOUYEH HEUUCTH, BRIMOTAIOIIEH
JEHbIU Y TpaXKJaH U roCyAapcCTBa, TO BBISIBJIEHUE UX U O0OpbOa

C HUMH €CTh IpsMasi 00s13aHHOCTh MIPOKYPaATyPhl U CyASOHBIX
opraHoB, a He PAH [16].

®unocopckoe HEBEKECTBO HE YMEHBIIIACT, 4 YBEJIUYUBAECT
YHUCJI0 THOCEOJIOTHYECKUX OIIMOOK B TEOPUSIX, KOT/1a OHU
CO3/Ial0TCA HAa COMHUTENIbHOM (pyHIameHTe (OnOKu
mupadicupyromcst). Y BEIMUUBAETCS YUCIIO JOTM U
peapaccyaKOB, TOJKAIOIIMX Pa3BUTHE HAYKH HA 3aBEJOMO
JOKHBIE TyTU. MBI TPEIOKIIN TPOEKT TEOPUU MO3HAHUS
[17], [18]. K coxanenuto, punocodbl, 3aHUMAIOITHAECS
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npobsiemaMu ectecTBo3HaHus, U pusuku PAH nposiBisior
HEONpaBJaHHYI0 OJU30PYKOCTh B 3TOM Borpoce. UM He
cyie0Bajo Obl MOMHUTH BhICKa3biBaHue @. DHrenbCa:
«bunocodus (mog00HO KaIPU3HOM JaMe) MCTUT
€CTECTBO3HAHUIO 3aJHUM YHCJIOM 3a TO, YTO ITOCIJIEHEE
IIOKHHYJIO €€».
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