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Mo BEIEM, 9TO HEAOCTATOK Teopum l'epra BCerga B OMHOM H TOM
7ke — B IIOJHOM yBIeueHHH s¢mpa. He Toanko onrtudeckme, HO ¥ cob-
CTBEHHO DJIEKTPOMATHUTHHIE ONHTHL TOBOPAT O TOM, 9TO IOJHOTO
yeiaederusi HeT. o 9To momHoe yBieuweHMe BHTeKaeT U3 TpeGoBaHms,
qro0h B SMEKTPOJNHAMEKE BHIIOIHAICH NPHHIULI OTHOCHTEILHOCTH.
3HAUMT, HAJO OTKABATHCHA OT NPHHUMNA OTHOCHUTENHLHOCTH B 3JICKTPO-
ampamMuke. Ha sror nyre craa JlopeHm.

MATAA AEKIHAA
(7.1 1934 r.)

H cmopunecruil o06sop (npodoascenue): cuavt ¢ aaekmpodunamure Iepya, xaxosa
B0a9CHa Gvimb N PAcUAbHAR MeO UL, NPARMUMECKUT NPUHYUNR OMHOCUMEALHOCIU,
saekmponnan meopun Jlopenya, sAEKMPOMABHUMHGIL UMBYALE U MOMEHM UM~
nyasvca, ycpeduenue ypaswenuli Jopenya 048 MeIAEHHO OBUMYUUTCA Mmen, 60N POC
0 GUNOAHEMUU TPAKMULECK020 NPUHYURA OomHOcumesvHocmu ¢ meopuu Jlopenya

Mu pasobpanm teopuro I'epma. B obmewm, geno obGcrosmo Tax:
ypasuenns MakcBenna — Fepia nasa qBEEyIMUXCS TEI HEBAPAAHTHE
M0 OTHOIIEHWI0O K Ipeobpasoamumio ['anmimes, T. e. OHA COXPaHSIOT
CBO# BHJ{ BO BCEX PaBHOMEPHO MOCTYHATENBHO ABHRYIIHXCHA CHCTE-
Max, a TaK Kak CIHTAeTCs, 49T0 aT0 mpeobpasoBanme 0TOOpaskaeT
[IPOCTPAHCTBEHHO-BPeMeHHEEIE COOTHONIEHHA B [BWMKYIIEXCH TeJaax,
TO OPUHUWUN OTHOCATEJNBHOCTH B Teopum MaxcBemna — I'epua co-
6aroeH.

T'pomanroe umcao OOBITOB MOKABHEBAET, 9TO IOCTYHATEJHHOE IBH-
sieHne 3eMIN NeHCTBHTENHHO He CKA3HBAETCA HA JIEKTPOMArHAT-
HEIX ABJIEHEAX, W 3lech, TakmMm o0pasoM, Bee Kak OyaTo OH oGcromt
xopouro. Ho Teopus I'epria mper masapmie: ee ypaBHeHHS HHBAPHAHT-
HEL OPU BCAKOM JIBUKEHVM CHCTEMH Kak Teepmoro Texa. OpHaro
HMeeTCsT IeJNHil PSAX OULTOB ¢ TeJNaMH, NBHKYIIEMECH OTHOCHTEIHHO
3eman (oneitet Dmso, JHxeHBadbma, BmabcoHa W ap.), KOTOPHE He
noATBepwAAT Teopun ['epua, He O0BLACHAIOTCH €10 COBCEM MM KO
O00BACHAIOTCA TONBKO KATECTBEHHO, a KOJHYECTBEHHO IIOJYJAeTCH
TANAYEOE [Js TEOPHM pacxosmjeHme (OTCYTCTBHEe Kod(PPpuouenTa
yBaredennd). B urore teopua [epria meyaoBIeTBOPUTENLHA, HE OTBE-
gaeT Tem TpeGoBaHWMAM, KOTOPHe HAJ0 OPEIBABIATL K (PusmuecKoin
TeOpuMu.

Ecrh eme opmH npmHUMOHANGHEIHR Bompoc, Ha Koropsii I'epu
onpefiejeHHENM 00pa3soM 0TBEYaeT, HO JTOT OTBET CHOBA 3aCTABIAET
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sagymaThcsa. Pedn maeT O CHIaX, ¢ KOTODHMHE 3JE€KTPOMATHATHOE
oJie feHcTBYeT Ha Tejda. PaccMOTPHM Jis HPOCTOTH TOJBKO CAydait
TBepABIX Tel, T. €. OCTABAM B CTOPOHe fedopmarnun. Ilpuununnansao
9T0 yHpoIleHHMEe HWYETO HE MEHAET.

B omxexrpopmuammke Maxceemna — I'epna cmam, peficTsynomume
B IOJe Ha Telo, Beerga MoryT GHTH CBefleHH K HATHAKEHHAM, T. e.
K NOSEPIHOCIMHBM CHIAAM NJIOTHOCTH

neE?

T=E(F, n) — 22 L H@H, n)— 2L

2

YpaBHeHEA HNBWKOHHA KaROH-IHGO CHCTEMH TeJI, 3aKJIKNUYEeHHHX
B o6Bpeme V, orpamwdeHHOM NOBOPXHOCTHIO S, MMEIOT NPHA BTOM BHJ

2 mv = ¢ 1ds,
[

23 1r, mvl = §1r, T1dSs.
8

Orcrona MOKHO CHENATh CHONYIOMEe 3AKJIOIEHEE: €CHH IOBEpPX-
HOCTh S HACTOMBKO y/ajleHa, 9TO Ha Hel mojie paBHO HYTIO (3aMKEY-
Tasg CHCTeMa), TO IMpaBHe TaCcTA HCYe3alwT, T. €. paBHoAelicTRyOIIHe
BCEX CHJI ¥ BCeX MOMEHTOB CHJ, leHCTBYHIIAX HA 3aMKEYTYIO CHCTEMY
TeJ, PaBHH HyJ10. MHade MOKHO CKa3aTh, 9T0 B 3aMKHEYTON cHCTeMe
TeJl PESYALTHPYIOMEE KOJAWUECTBO ABIMKEHAS U PesyibTApyoIImi
MOMEHT KOJNWYECTBA ABMGKEHUA ITOCTOAHHEL:

va = const, 2, [x, mv] = const.

910 ABasgerca supaskesueM 1II saxoma Hsioroma — pasencrBa feii-
CTBEA M NUPOTEBONeHcTBUA. TakuM ofpasoM, TepreBCKHe CHJIH Ta-
paaTEpyioT eunoaunenue 11 3arona HeoroHa, ¢ 9T0# TOIKE 3peHESA
OHE MOTYT HAC YAOBJIETEOPHTH. HO €CIH PacCcumraTh COOTBETCTBYIO-
mpe 0G'heMEbIe CHJE, TO IJIOTHOCTh O0BLEMHEX CmI Oyuer

f=1 41,

rie f;, — cmia, KoTopas UpwW HAJHIEE TeJ OTAMYHA OT HYJA Kak
B IEpeMEeHHOM, TAK W B HOCTOAHHOM IOJe, HO KOTOPasg HCIe3aeT
B oTcyrcTBme BemecTBa. Cumxa ke f, mmeer cnenyommit BHA:
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rge S = ¢ [E, H] — sexrop Ilofiaruara. Taxum oGpasom, f, He mcae-
38T E B IIyCTOTE, @CIAH TOJBKO IIOJNe NIePeMeHHO, T. €., mo [epmy,
CHJHL felicTBYI0T B Ha 3¢up. Toanko Oiarofapa sToMy B mepeMeHHEIX
HOJMAX coOMI0MaeTcA 3aK0H PABEHCTBA AUCTBHA H mpOTEBOAeicTEHA.
To, uro, mo [epny, Ha 9QHED FOMKHH [GHCTBOBATH CHJEI, CIEXYeT
B3 KOHEYHOH cropocrd pacupocrpanemma. [lycrs, Hampumep, mioc-
Kaf IOBEPXHOCTH, HOMEIEHHadA B BAKyyMe, oJIHOCTOPOHHE HBJIydaeT
IUIOCKYI0 SAEKTPOMATHATEYI0 Boady (pme. 25). Bunaropaps peaxmmm
DOBEPXHOCTh HAYHOT [BUTATHCH, M €CHAH IEHTP TAKECTH OCTAETCA
B IIOKO®, TO TOJHLKO IOTOMY, 9TO TAaKafd Ke CHJIa IPAIOKeHA B IOJe
BoaEH K s¢mpy. Mrax, Bumonunenme 111 saxoma Heioroma moxyma-
eTcs meHo# nelicTsnaA cux Ha s¢mp. Ho EMKoMy m HmKOTJa He yaaBa-
noch O0HAPYMETH 3TO JelicTBEE, 3aCTaBHThL YQHD ABUTATHCH, XOTH
TeJalloCh MHOJKECTBO TAKEX ONHTOR (HampHMep, NPOXO0:K/eHHe CBOTA
okoJio OHCTpo Bpammapomerocs Amcka). I'epnm mcxomma us Toro, dUTO
smp — Takas yKe Cpejla, KaK H BCAKOE JPYroe BemeCTBO, W 3[eCh
aTOT BaryAnx meroT 3a cebg. Her mposeprm 37T0r0, HET pPeaipHOTO
copepmapma. Bce oT0, PaBEO KAK B TO O0CTOATENBCTBO, UTO CKOJb
YTOJHO Pas3peenHoe Telo [0JKHO IMOJHOCTHI0 YBIeKaTh admp, cra-
puT KoHmenmmio [epra mos wuopospemue. Haxomern, mpaMoe mpo-
THBOPEUHE € ONHTOM OKOHYATENLHO 3ACTAaBAfET OT Hee OTKa-
3aTHCA.

Mesxny opouaM, @. ®pamr noxasall, uT0 Tpe6OBaHHA, ITOGH
ypaBHEHRS fNd PABHOMEPHO M OPAMOIUHEFHO [BMIKYIIEXCA TEX
1) ofpamanmcs [Jif MOKOAMEXCA Tell B
ypaBuEeHEs MaxcBeana m 2) 6nrm mHBa-
PHAHTEH II0 OTHOINEHHMIO K npeobpaszo-
Bammio ['aamnes, olHOSHAYHO IPHBOJAT K
ypaseenmsam I'epua. Iosromy sawrpagm-
BAETCA COMHEHZE: MOMHO I BooGme yros- Baxyyr
NETBOPHTh ONPHHIANY OTHOCHTEIHFHOCTHU B
sHeKTpON@HaMAKe? ITO COMHEHEHE OBIIO
yxe y I'epra; oH KoHIAET CBOX CTATHIO
CIOBaMH, 4TO «NPABHILHAS TEOPHA, BEPO-
ATHO, OyHmeT pasIAYaTh ABMKEHHE Tel Pae. 25
u gewkeRme s¢upar. VmeEHO 1o 3sToM nytm wmomexn Jlopen.

Uero e myxH0 TpeGoBaTh OT NpPABHABHOH TEOPHE?

Mu sapamee snaeM, 4To 0HA He GyeT yAOBIETROPATH TPHHIANY
OTHOCHTEJNBHOCTH: 3TOMY yumT yie onnt Dmzo. [na memomsmmHEOro
HabJsofiaTeass CKOPOCTh CBeTa B IOKOSMERCA BoJe PABHA ¢, 2 B ABIIKY-
me¥cs ¢; +w (1—n~?). 3o rosopur ommrr. [IpuEnun e orHOCHTENb-
HocT® Tpebyer, uTobn AnA mabiwofatens, ABWKYMETOCH BMECTE C
BORO#, CkopocTh cBera Gmaa ¢;. Ho ecam rammmeeso mpeoGpaso-
BaHAe BEPHO, €CJH OHO HPABHJALHO JlaeT Mepexof OoT HENOLBEMKHOK
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cucTeMH K ABIGRYyHWleiics, To jus HaOJmofaTeNs, JBUKYINETOCH BMe-
cTe ¢ BOJNOiH, CKOPOCTH Oyaer

[ey+w{l —n?)] —w=c,—wn?

a He ¢y, T. €. HPUHIUI OTHOCHTEIbHOCTH HeBepeH. MomxkHO OBIO Obi
BO3PasuUTh, 9TO IS NIPEMEEMMOCTY IPHHENMIIA OTHOCHTEIBHOCTH HATO
BOCHOPOMBBECTH OMHAKOBHE YCIOBHA TAK:Ke W B OTHOMEHHH MCTOY-
HOKAa CBeTa, T. €. IPH ABYKeHMH BOAH (ig TOTo 4TOOH CKOPOCTL
CB€TAa OTHOCHUTEJNBHO Hee GHLIA ¢;) HAJ0 BACTABHETH M MCTOUYHHK IBU-
raTheA BMecte ¢ Bomoil. QjiHako »TO He cmacaer fesa, m6o MBI HCXO-
AUM W3 HEIAEUCUMOCHIL, CKOPOCIMU c8ema OM DSUMEHUR UCMOYHUKD.
Eciam ©p Taxkas 3aBHCHMOCTH Oblja, HMOAOOHO TOMY, KaK B MeXaHHUKe
CKOPOCTH CHAPANA CKIAJBIBACTCA CO CKOPOCTHIO IYITKH, TO BCE MOTJIO0
Ol OHTH 8 mopanke. Ho onsITH, Kax MH YBUIUM [ajiee, NONNOCTHIO
TOXTBEPIRIAIOT, 9TO CROPOCTH CBETA 1€ BaBUCUT OT NBUIKEHMS MCTOY-
nuka. Mcexons ms atoro QakTa, Myl JIOMMRHL 3aKIIOYATH, 9T0 NH6O
TAJNNAECRO upeofpasoBanme BePHO M TOTNA B DHIEKTPOAHNIIAMUKE He
MoMmeT OHTh COXpalleH NPHUUAN OTHOCUTENBHOCTH, Amb0 npuHNUN
OTHOCHTENHHOCTH OCTAETCH B CHJIG, HO TOTJa HANO0 OTKABATRCS OT
vaguieeBa npeodpaszoBanuda. Ha osror mocsiefuuil mar eme HUKTO He
mor ocmenursea. Coxpamss ke mpeoOpasoranme ['anmies, MH BLI-
HYKJIEHH OCTaBHTh NPHHINT OTHOCHTEeNLIocTH. Ho Belh OonslThH To-
BODAT, UTO [BUKEHHE JeMIM He CHashlBaeTcss Ha CKopocTn cBeTa!
Uro 3HAYHT «HE CKA3HIBAETCAN?

IMocvoTpuM ellle pas, 9TO TOBOPAT OIBITH.

Iemxenne 3eMau He BIMAET Ha HIEKTPHUYCCKHE U ONTUYECCKUE
sipgenus... C kaxko#l Toun0CcTHIO? Benhb 10 cHX mop MH paccMaTpPUBAIN
TONBKO TAKHE OHETH, KOTOPHE 0bim paccumTansl Ha 00HApY:KeHMe
s> PerToB NEPBOTO WOPAAKEA OTHOCUTEIBHO w/c. Bot ¢ smoiil ToIH0cThI0
MH 3HaeM, 4TO jABM;keHEMe demnu me srmser. llpasma, ommr Duso
gaetr OTIHYNE YAC B HEPBOM HOPAHKE, HO N0 OTHOWEHAIO K IBUKCHHIO
3eMIHM TAROTO ONBITA He menaju. Mul, KOHEIHO, MOJceM TAKOH OIBIT
¢/leJaTh, Ho cHavamla chedaiite, a Torma Gyaes o meM ToBopuTh. [a-
Jlee, ellle HEKOTIA HE JCIANNCEH ONLITHL ¢ ABYMA vacaMy {3TH OMBITH
TEOPHA OTHOCHTEAbHOCTH BooOme kBanndunupyer ocobo). Bee onHTH,
GaKTHIOeCKY CHeJaHHEE, OTHOCHIMCH K CpPaBHeNHIo UYTH fsyx ayUei,
U BCe JeNalHCh B nepsoM LOPAmKe w/c.

Bor ¢ sToit 0TOBOPROIi, 9TO 1ie BCe ONMBITH JeJajuch, a Te, KOTO-
pPHE Jeaanuch, UMEJU TOYHOCTL (0 MEPROTO NOPAAKA, TOCTYIATeNb-
HOe iBKeHHe 3eMJu He CKA3HBAETCA HA DJIEKTPOMATHUTHEIX SBIIe-
HEAX. HasoBeM 9T0 «UPAKTHYECKUM NPUHIWIIOM OTHOCHTEIBHOCTHY.
Onpr ®uso moxaskBaeT, 9ro, cOXpangs rammieeBo npeodpasoBanue,
MLl He MOYKeM YIOBJIETBOPHTH TOYHOMY HNPUHOHEIY OTHOCUTENLHOCTH
(He3aBUCHMOCTH DIERTPOMATHATHHIX HABIEHHE B JI0OHX ONHTAaX,
B moboM mopsyke), HO Teopua 004iHA 00ACHUMbL RPAKMUYECKUL



amas aekyus 135

npunyun. MOMKHO AW LOCTPOUTH MAKY0 TEOPUI? ITY 3aKauy mocTa-
B d paspemun Jlopesir.

K sTromy BpeMeHu noABMIICA LEIBIH PAJ HOBHX DKCIEPAMEHT AL~
aux ¢axroB. VuTepec Obi DpPMBIeUSH K ABICHHAM DISKTPHYECKOTD
paspAfa B ra3ax, K KaTORHEM JIyIaM, KoTopHe 6sam oTKpHTH Ilamo-
KepoM eme B 1859 I., HO mpUpomA KOTOPHIX OHIIA YCTAHOBIEHA HMEH-
HO B 3T0 BpeMA. I'epI cauTal WX NPOJOJIBHEMHA 3IEKTPOMATHUTHEIMA
poaraMu. OKaszanock, 4ro 3T0 ABIIKYIUECs 3apsKEHHBIE TeJbIA,
Macca KOTOPLIX 3aBHCHUT OT CKOPOCTH, IPUYeM OHU HMEIOT Pa’iudHbIe
OpPOAOILEYI0 U uonepednyi Maccy. llomumo ofbsicHeEHA mpaxkTude-
CHOT0 NPHHIHIA OTHOCHTEJAbHOCTH, Teopusa Jlopenma mommua Ghia
OXBATHTHh OTPOMHEIHl KPYT BONIPOCOB, ® OHA OJECTAMME C 3THM CHpa-
punach. OHa cyMena oOBACHATL MHOKECTBO ARBJIEHUN W B HENMOXBHIK-
HHX Tedax (mmcuepcHio m abcopbuumw, seemaH-3derT m T. H.), HO
OCHOBHOE B Teopu JlopeHiia — 5T ABIMKYMMECS Telda, J1A KOTOPHX
ona m Obuta riaaBHNM obpasom passuTa. DyHgamentanbHag pabora
Jloperna Tar u HassiBaercsa «Versuch einer Theorie der elektrischen
und magnetischen Erscheinungen in bewegten Korpern». Nmerno
sTa cTopoma Teopuu JlopeHNa — ABNcHUA B IBUKYHIEXCS Telax —
OyjeT mHTEpecOBaTh M HAC.

JlopeHI| MOCTYIHDPYeT CYMECTROBAHEE BCEIPOHUKAMIEI0, OLHO-
pojiHOTO, MBOTPONHOTO U Henodsuxcnozo admpa. Iloxoamasca ormo-
cureabHO HQUPA CHCTEMA oTcdera — 9To ocofass, BHOeIeHHAsS CH-
crema. Tarkum obpasom, Jlopeni cosuameabho omrasvieaemes om
NPUHYURA  OMHEOCUMEALLHOCTL.

9¢up v JlopeHna — e MACTBEHHKA AMAIEKTPUK B MAKCBEILIOBCKOM
CcMEICJe CIOBA, TeIa e IPefCTaBIAIOT c000M COBOKYIHOCTH HOJIORH-
TeJBLHBIX U OTPHLATENBHbIX BAPMAKEHHHX wactul. OTpHOaTelIbHEE
9ACTHUIBl — JIEKTPOHE — BCE OJUHAKOBLIE II0 CBOEH Macce (KOTHA
OHH IOKOHTCA OTHOCHTENBRHO >Pupa) W IO BeJWIAHE 3apAma. ITO
HMEHHO T€ YacCTHI(hl, IIOTOK KOTOPHX 00pa3yeT KaTOJHBIE (IYIH».
IlonomuTenpurle YacTHOLI BCeTZa CBA3AHBL C (BecOMOW» MalepmeH,
¢ BemecTBoM. CBOficTBA Tel PA3IMYHH B CHIY PAa3HOTO UMX IOCTpoOe-
HHA M3 DTUX IOJOKUTEJBHEIX H OTPUIATEJNBHHX UYaCTUI. LaKmM
o6pasoM, B MUpe HeT HHIero, KpoMe dTux 3apamoB m sdmpa. Ilpo-
BOJHHRHU — DTO TeJA, B KOTOPHX JIEKTPOHH B MPOMEKYTKAX MEKIY
COYNAPeHUAMI MOTYT CBOGOHO ABHTATHCA. B MUIIEKTPURAX KaiKIasd
MoOJIeKyJXa HeHdTpaxpHa, nupWYeM PpABHOMMEHHBIE 3apPANH CBI3AHEL
B Hell KaKEMHU-TO CHIAMH, KOTOPHE B HePBOM NIPHG/MKEHIHM MOKHO
CUMTATh KBasuwynpyrumu. Kpome TOro, sJAeKTPOHE MOI'YT BpPAIMIATEHCA
BOKPYT CcOGCTBEHHHIX oceil m coBepmaTe OpPOHTANbHBE [BUIKEHHA
B MOIERYJIax, 9eM O0OBACHANTCA MATHATHHE CBOUCTBA Tedl.

Temepr, ¢ TOIRH 3PEHUS KBAHTOBOH TeopnHy, BCe HTO HAM KajKercsd,
KOHETHO, HEMHOT0 HAWMBHBIM M Kpafille YOPOIMEHHBIM, HO dTA AcHAR
I OpOCTasg Kaprana Aaja dpesBelYaiino MHOTo. Hajgo saMeTuts, 9ro



136 Jdexyuu no meopun omuoCUMEABROCTIL

OHA Kyja Goxee cTpoiiHa, 9eM COBPEMEHHAA KBAHTOBasg TeopuA (Ko-
HedYHO, Haf0 y4ecTb, 4T0 HOCIGRHAA €me CANNIKOM HOBAa), HO ceifgac
OHa, pasyMeeTcd, MOKeT pPacCMATPHBATBCA TOJIBKO KaK MOMelh.

Mu orBlIedeMcAa OT MArHWTHHX CBOMCTB, m0o0 mapa- m JiuaMarHe-
THRHN BeayT ce6a moyTH Kar BakyyM (ToBops mo Maxceaay, p = 1),
a moBefieHHA (eppoMarHETHKOB Teopus Jloperia Boolme oObACHHTE
He MoeT. TOYHO TAaK e MH HCKINYaeM M3 PacCMOTDeHHA He TaK
HAaBHO OTKPHTHE TaK HABHBAGMbIE CETHETOYJNEeKTPHKH, aHAJIOTHUHEIE
deppoMarEeTHKaM, HO He 110 CBOMM MATrHHTHEIM, & IO 3JeKTPHYCCKAM
CBOCTRAM,

Ilyers € @ h — HaupsS;KeHHOCTH 9IEKTPHIECKOT0 H MAaTHHTHOTO
noJjiei, XapakTepHA3YOMAE COCTOAHNEE YACTOTO sdhupa, Baryyma. [lua
EEX JlopeHD coxpaHseT MaKCBeJJIOBCKEE YDaBHEHHA JJIA HYCTOTH

1 de 1 oh
rOLh_?ﬁ’ rOLe——‘_'c—-aT,
dive =0, divh = 0.

Hax sxe ceasaEs e @ h ¢ vacrunamm, ¢ 3apanamn? 34€Ch DO CYIIECTRY
mMeeTCs IBA Bonpoca: 1) Kax molie cO3EaeTCA sapaAaMu ¥ 2) KaK 10Je
ZeiicTByerT Ha 3apaam. Ha mepseit Bompoc JlopeHn oTBedaer ciexny-
rommM ofpasom. Tam, rae naorHOCTH 3apspga p =+ O,

dive = p.

Hanee, ma onsiror Poynamza Jlopern 3auMcTByer SKBUBAJEHTHOCTE
IBHIKYINETOCH B3apAfa TOKY M MOJAraeT No3TOMY

roth = %(Z—‘:-!— pv) .

Hanwmcarrke ypaBEeHEA TOBOPAT 0 TOM, KaK II0JIe CO3MAETCH IBH-
HMymEMECA 3apafamMa. BTopoii se Bonpoc — o meHCTBUY TOAA Ha [IBU-
HYIMASCA 3aPAILL — PEIlaeTcs TeM, YTo Ha OCHOBAHDM 3aK0HA BHo —
CaBapa JlopeHn mocrymmpyer chefyiommee BLIDaKeHH® MJIA IJIOT-
HOCTH CHUIBL:

f=p(e+%[v,h]) .

B conoxymHOCTM NpHBE/leHHEE YPAaBHEHES MOJKHE ONACATH DeIIH-
TeJBHO 6ce, BRIOYAA W ABJIEHUA B OBIKYIIUXCA Telax, mOo ABMKe-
HHEe B HUX y)Ke BKJII0OUeHo. B 5ToM cMbic/Ie oHm amalormyHbl ypaBHe-
saaM Hreioroma. JlopeEmossl ypaBHeHHS COXpaHsIOTcs M B TeopHU
OTHOCHTEIbHOCTH, ¢ HUMH paboTaloT W NOHHHE.

Heo6xommmo 3aMeTHTs cuaegyiomee. Bo-mepBhX, KOHIENINsA,
COTJIaCHO KOTODO# BcA MaTepmsa (BepHee, mpoBoiHEmKm, mbo Ko Max-
cBessia 00 DIEKTPHIECKHX CBOMCTBAX NHAJEKTPHKOB BOoGIme sHamm
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MaJio) TIOCTPOeHA U3 DIeKTPMISCKHX 3apAJ0B, ABIKYMHEXCHA B BAKY-
yMme, He Ghra HoBOM. W3 Hee mexomunu yie reopum Bebepa, Pumana,
HKunaysmyca. Ho or ux Bo33peHuii T0PeHNOBY TEOPHIO NPHAENANRAILHO
OTAWI3eT TO, ITO B3AMMOJEHCTBHE YaCTHI[ MpomcxoauT no Maxcsea-
ay, T. €. fielcTBEE PACOPOCTPAHACTCA B HOJNE C KOHEYHOU CKOPOCTHIO,
B TO BpeMf KAaK B CTADHX TeODHAX NPHHAMANOCH MTHOBEHHOE [falb-
Hojei#icTBue.

Bo-TopEXx, B npormsomoioskHocts Maxcsexny — [epmy, Jlo-
PeHI IPHEOANHAANLAO omkasvieaemcs om Oelicmeuss cus Ha agfup:
cmjia NPONOPIEOHATFHA P 1 TaM, TRe p = 0, oHa ofpamaercsa B HYIb.
9ToT 0TKA3 0YeHb Ba)KEH M BJeYeT 3a coboli rayGokme ciaelcTBEA.

ILmorHOCTE f MOpEHHOBOiL CcMIH MOKHO mpeo6pasoBaTh K BHELY

188

rge S — Berrop llofimTmEra, a f* — wmormocts cmae, mo I'epmy.
Taxmm o0pasom, YEMYTOXAETCA Kak Pas TOT WieH, KOTOPHH naBax
yTepua cmay, meiicteyomyro na admp. W3 (6) caenyer, 9o pesyin-
TH pylomas caaa F m pesyasrmpylommit moment N, meiicTByomme Ha
3apAABI, 3aKII0UCHHBE B 00BeMe V, OTpAHAYEHRHOM IMOBEDPXHOCTHIO
S, PaBHH COOTBETCTBEHHO

F:Sde:g&Tds _ —gt-Q Sav,
S \'s

\2

F=1"—

2

N— § [r, f] dV=;§[r T]dS—j—tS/[r‘ S ay.

BregeM monnoe xonmdecTBo ABmKeHHA G, M IOJNHEIE MOMEHT KO-
ANYECTBA JBHMKeHHA Y, Ted, HAXOAAMHAXCA B HameM obneme V:

G0=2mv, Y0=Z[r, mv].
Torga ypasHeHHA [BHKEBUs JJIf BCOH CHCTEeMH 3apAR0B B ob6neme
V 6ymyr
dGo . _ d S
0 F= §> Tds — 2 Szz—dV,
3 v

Yo _ N @[r,'nds_%g“'cf] av.
S v

Ecan remeph MH TOCTABEM BOIPOC O IONHOH CHie, NeficTByromed

Ha 3GMEHYMYI0 CHCTEMY (§> = 0) , T0, HOCKOJBKY 0OGLeMHLIe HHTe-
s



138 Jeryuu no meopuy OMROCUMEABROC MU

rpansl, BooGme roBops, OTJAMYHB OT HYJA, MH DOJAyduM, 9T0 CyMMa
BcexX CWJI OTaWYIia OT HYJA, T. €. 3aKOH PaBeluCTBa fleiicTBUA M Opo-
rTuBojielicTBuA He BhImoJaHeH. QOTHOCTOPOHHE H3JYyYa0MAaA NJIOCKOCTH
HayHer [BHTAaThCA MOJ| JIeHCTBHEM PpeaKIHH, ¥ KOMIIEHCAIUH 1i€
Oymer.

Wrax, sopernosa Teopms BemeT ¥ Tomy, uro 111 zaxom HeroTomna,
1o KpaiiHeil Mepe B oOHuHON cBoeit fopme, He mmeer Mecra. I[eHTp
MacC CHCTEMH MOMKeT YCKODATHCA 03 HAJWINMSA BHOITHAX CHJI, TeJO
caMO MOJKeT «BHTAmHTL cebd 3a Boaocw». Vmawe MOKHO CKa3aTh,
gro G, m Y, B 3aMKHYTO# cucTeMe HE IOCTOSHHH,

AbparamM yKazaJ, oJHAKO, HA TO, YT0 MOKHO TaK 0600UHTH MOHA-
THA KOJUTECTBA JIBIYKCHAA U €T0 MOMEHTA, UT00H 10 OTHONIEHKIO
K 000GUIEHHHM BeIMYMHAM MMEJ MeCTO 3aKoH coxpaHeHmd. Ecmum
BBECTU BJIEKTPOMATHUTHHIH HMIYIbC

G= Sg—dV,
A2

NOKaJIN30BaHHBE B adupe, ¢ 00'beMHOE IJIOTHOCTHIO

)
gE=x

H MOMEHT DJIeKTPOMarHuTHOTO HMIYJAbCa

Y = S [r, gldV,

‘7
TO [JiA 3aMKHYTOH CHCTEMN
dGo G dYey _ dY

T dt? at T dt

Mpumumast G u Y Bcepnes, MH moaydaeM 06o6IeHHHC 3aKOHE CO-
XpAHEHHA HMMIYJIbCA M MOMEHTA HMIYJIbCA,— COXPaHAETCA JIHIb
cyMMa  COOTBETCTBYIONMMX MEXAHWUYECKHX M 3JIEKTPOMAarHUTHHX
BeJANINH

G, + G = const, Yo+ Y = const,

Mux supum, aro Bextop IloitETHETa mpmobpeTaer, MOMUMO CBOEIO
DHEPTETHUECKOTO CMHCIa, eme 3HaUeHEe IJIOTHOCTH mMmyiabca. Ho
HE33BHCHMO OT 3TOT0 TONKOBAHHA MONYJYCHHHI PeayibTaT HMeeT AN
HHTEPECHHX CIEACTBUH (faRieHAe 3JICKTPOMATHHTHHX BOJH, OTAada

npu uanydeEmu u T. A.). UmTerpax f S,dS naer Ham MOTOK 2HEPTrHH
OfHO3HAYHO JHIIL B CAyIae 3aMKHYTo nosepxnocru. Jlasa mesamyny-



Hamas sexyus 139

-

TOH INOBEPXHOCTH 5 S,,dS yxe He BHpasKaeT IMOTOKA YHEPTHU H JIRMb

HHOIAA fAaer npmbam;KeHHO NPAaBWILHYI0 Belmumny. B jgpyrax cay-
qaAX Takoe ymorpeGienme S npmpoguT K mapanorcaM. Ilora S Toa-
KyeTCA TONBKO KAaK IUIOTHOCTL IOTOKA SHEPTHH, BHpAasKeHWe S =
= ¢ [e, h] ompegeneno nuIIs ¢ TOTHOCTEIO /[0 POTOPA HPOM3BOJBHOTO
BEKTOpa, TaK Kak

§)rotn a-ds=0.

S

Huuto Be o6askBaeTr Hac CINTATh, 9TO MMeHHO ¢ [e, h], a ue ¢ [e, h]
-+ rot a ecTh MIOTHOCTH HOTOKA B faHHOH Touke. Ho ecam S Bmpa-
IKACT IIOTHOCTH MCKTPOMATHHTHOTO EMUIYIECA, TO 3[ECH JAA TAKOR
HEO/(HOBHAYHOCTH YKe HeT MecTa.

PaccMoTpum Tako#l nmpuMep: BO3LMEM LM MIIPHICCKHH KOHIEH-
caTop U HAUPABHM IO €TI0 OCH OHOPOJHOE MATHHTHOE moie. Jlerko
BHJIETh, YTO TOTOK S 9Yepe3 BCAKYI0 3aMKHYTYIO MOBEPXHOCThH PaBeH
HYJNI0, HO MOMEHT DJIEKTPOMAarHUTHOTO MMIYJbCA OTAMICH OT HYJIA.
CremoBaTesbHO, ecau MBI GyeM 3apAKaTh DTOT KOHZEHCATOP, KOTHA
OH YK HaXOguTCA B MarHHUTHOM LOJe ([0 3apARKE Y, =0,Y = 0),

T0, mOCKONBKY Yo+ Y =0, a Mu cosgaem Y — Hr, _Sd_} av,
C

RoMeH Oy/leT MOABUTHCA MEXAHHIOCKHE MOMEHT KOIHUecTBA MBHIKO-
Hug Y,= — Y, T. e. KOHJEHCATOD HOI-
jHeH BarpyruThes. Habaiomats 5107 9gh-
$eKT Ha OUHTE 0YeHb TPYLHO, TAK KAK OH
gpesBHYaiiHo MaJ, HO IPEHNUOXAIBHO OH
HablmomaeM M, CIEIOBATEABHO, NIO3BO-
NAeT ONPENENHTh BeldumHy S.

Hoseuno, 3nech fCHO, B dYeM [edo:
€CJIM ME OCYNIECTBISAEM 3aPALKY TEM, 4TO
THHEM 9JEKTPOHB. W0 pajguycy, TO OHH
3aBOPAYMBAKOT B MAaTHATHOM NOJE W NpPH
OCTAHOBKe OTHA0T CBOH HMMOYIRC (ero
TaHTeHIHAABHAA CJIAraiollad ¥ BHISEIBAET
Bpamerue). OfHako Halle TOJKOBAHWE
0606maeT 3aKOHHE COXpaHEHHA, 4 HAC
HITepecyer cefiIac MMEHHO 3Ta CTOpoHa fena. AHaiormgHoe 0606-
nieHNe 3aKO0ld COXPaHeHHs DHEDPrHH (B 3aMKHYTOH CHCTEM® IOCTOAH-
HA CyMMa MeXaHAYECKOH ¥ DICKTPOMATHUTHON SHEpPIuii) jiiA Hac Opu-
BuuHO. Ilogemy ke He cperarh aHaJoruYnOe 0000MEnHAe MIA HMILYIIb-
ca 1 ero momentTa? M 5To cielajd I BBeld 3JCKTPOMATHATHEIE HM-
OyJABC H MOMEHT MMIylXbca. MH ysuauM B gajpHelilieM, 4TO B TEOPAR
OTHOCHTENBHOCTH 3TH 0600menusa Boofme HE IIe3aBECHMEI, a COCTAB-
JANT OEH IIar.

® ©8 00 00 040 ¢
....0....‘
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Vpasuennsa JlopeHEna HamAcaHH g MCTHHHOTO, MEHKDPOCKODMYIe-
ckoro noasa. Ho ME He MojkeM 3HATh, Kak IBIDKYTCS Bee dJIEMEHTAD-
HEe 3apANH, 14 9T0 ¥ He HYKHO: Ml BCerfa msMepsieM CpefHHe 3Ha-
genmdA, paboTaeM co cpefnmmE BeamsmeEaMu. Hak e mammmyres Ha-
MH 5IeKTPOMATHUTHEE YPaBHEHHA I MAKPOCKOIMIECKEX, YCpefHeH-
umux Benmumu? [Ipm yepemaennn nano 6ymeT yuecTs CTPOSHEE BeIlecT-
Ba, OTPA3UTH OCHOBHHE YePTH CTPYKTYPH IPOBOJHAKOB K JHAJIEK-
TPHKOB (0T MATHETHKOB MHL OTBJIeKaeMcd). ME paccMoTpum cpasy ke
o6Imuii crygailt ABHMYIMMXCA Tejl. OTO 3HATHAT, 9TO CPEJHASL CKOPOCTH
BCEX 3apANOB, COCTABIAKNINAX TEJI0, OTIHIHA oT Hyas. Ecam Mu 06o-
BHAYMM €€ W, TO HCTHHH4A CKOPOCThL 3apspma Oymer ciaraThCa M3
CPelHEH CKOPOCTH TeJa W H H3 CKOPOCTH 3apAAa OTHOCHTEJBHO Teja U

V=W 1.

O603HAYAM IIOTHOCTEH 3apAfa BIEKTPOHOB NPOBONHMOCTH depes
P, a cpeduwoio muorEOCTh BX 3apsafa §, (~ Gymer oGosHagaTh ycpemHe-
Hue) yepes p : f; = O, IPHIEM 0 — ITO MAKCBEIIOBCKHE CBOGOJHES
sapAgH. MaxcBeJMOBCKAA IUIOTHOCTH TOKA HPOBOTMMOCTH IO OIpE-
geaeraio g,u = J. Eciam mMerorTca, KpoMe CBOGOTHEX 3apAOOB, eIde
H cBAsaHHEe (pmc. 27), TO MOMEHT ONHOH MOJNERYAH Oyner

p= 2! €,1,
1

Ife r, — PacCTOsHME 3apAfa e, OT IPOM3BOJILHO BHOGDAHHOTO LEHTpa
HefiTpanbHO# ModeryaH. CpefEmii MOMeHT eJUBHOH 00beMa HIU
HOJAPH3ALKA ecTh

P = Np,

rme N — KOHIEHTpPAOmWA B3apAfoB ¢ moMeHTOM p. Jlerko moxasars,
9T0 CpPefHAA WIOTHOCTH (O, CBABAHHHIX (NOJAPHBAIHOHHBIX) 3aDsAOB
Gynmer

pp = — div P.

Taxkum obpasoM, cpegusg o6beMHAA IUIOTHOCTL CBABAHHHX 3a-
PAZOB OTAHYHA 0T HYJSA TOIbKO B HEOTHOPOAHOM Iode. Baefgem
najiee ANA yCpeJHEHHHX HaIps:KeHHocTedl ofosmavenma

e=E, h=—H.

W, naxoHen, maM EeobxommMa cBA3b P ¢ HanpskeHHOCTAME moJeil.
JlopeHny npegmoxaraer, 9To B NAMONAX HHIJIEKTPHKA AEHCTBYIOT KBa-
smyupyrne cmie. Torga ara cesasp JmueiHa u P mpomopnuoraabHO

cpefHedl JOpeHmOBOH cheE—}——t—[w, H]. Hosddummenrt nmpomop-
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OHOHAJLHOCTE ME BO3BMEM B BHfe € — 1, Ile & 3aBmCHT OT mpep-
mOJIOReHEA 0 cTpoeHHME Marepm:m. MosKHo cumrarh BoobIie, 4ro Bce
ypaBHeHHAE

P—(e—1)(E+ L (w, H])

ABJASTCA IPOCTO OJHEM W3 IOCTYJIATOB, KACAIUXCA CTPOEHHA
MatepmE. Mu yBHIuUM panee, modeMy BHOOp xoadhdmmmeHTa cHedaH
HMEHHO B TakoMm BHfe (& — 1).

YcpegHeHHe JIOPEHIOBHX YpABHEHmi paer

1 [(0E opP
rotH=?(E+ﬁ-+J+pw+roL[P, w]),

1 6H
rot E = < a@’
divH = 0, divE = p —divP.

Mu pomxeEH TpeGoBaTh OT 3TAX yPaBHEHHH, YTOGH /4 HEMOIBHKHEIX
rea (w = () OHE coBIAZANU ¢ MAKCBENJIOBCKHMHE, T. €. NPHHAMAIK
BHJ

1 JeE 1 oH
rOtH——CW, rOtE———-?E,
divH =0, diveE = p.

OueBwgHo, upm HameM BuOope P 5To BHIOJHeHo, Tak Kak OpH
w = 0 mMu mmeem P = (¢ — 1) E, m, TakumM o6pasom, mop & Hajo
ODOHEMATh HPOCTO MAKCBEIJIOBCKYI [IH- .
SIEKTPHYECKY0 HOCTOAHHYIO. Oer
Ho Begp MM xoTen:m monydYnTh GONB-
me, MH xoTelum o0bAcHETL abcopliuio,
IECOePCHI0 B T. I.— ABJEHHAA, KOTOPHX a
He o0BAcHseT Teopua Maxcseana. Iloge-
My ororo mer? Iloromy, wro Mm mpepmmo- OL¥
JIOMHUIA, YTO OTKJOHEHHWe 3apAN0oB B MO- Puc., 27
JEeRyJIaX JUJIeKTPHKA OT HX IOJOMKe-
HEH paBHOBecHWA OPOCTO TPONOPHHMOHANLHO JeHcTBylOme# cumie.
My EBe yuim, TakmM o6Gpas3oM, MacChl CBASAQHHHX BIGKTDPOHOB,
npenefperin wWHepOWEH B ypaBHEHHH ABHKEHHSA CBA3AHHOTO 2JIOK-
Tpona. B GHcTpomepeMeHHHX IOJSAX 9TO HEAONYCTHMO, W 6CAH OH
MHL 3TOTO He CHeNlajd, TO MH IOAYIHIH OH & KaK (YHKIHIO IacTOTH,
T. €. JUCIEePCHIo.
IlepeiineM Tenepsb & TOMY, YTO HAC HHTEPECYET B IEPBYIO 09ePelb, —
K MBYORymMEMcA TedaM. Kak afgech 00CTOHT [Iesio ¢ TOMKOBAHHEM 3JIEK-
TPOMarHATHHX ONKTOR B ABHMYIIEXCA Tedax? BoshmeM, Hampumep,

(o) ¢
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ount Penrrena. ¥ Iepua MH mMedm [ niIoTHocTdH ToKa Perrtrena

rot |[D, w] =rot [eE, w].

3mech e mMeeM
rot [P, wl=rot[(e —1)E, w]

(¢ TOYHOCTBIO 0 YICHOB MEPBOrO NMOPARKA oTHocHTeNsHO W), Takmm
06pa3oM, B COTIACHA ¢ PE3YABTATAME JNXEHBAJIBAA MIOTHOCTH TOKA
Pentrena nponopumonansHa &€ — 1, a He . Mu ykasaim mpm pac-
cMOTpeHEHHE TeopHE ['epma, 9To ee MOMKHO IPHECHOCOOHTH K ODHTAM,
ecau GOPMANLHO B3ATH BMECTO W TOABKO 9aCTh CKOPOCTH, a HMEHHO
yrilekaeMyw ($pereresckyio) dacrs. 3mech ato ornagaer. Ilo Jlo-
peHny, meao He B W, a B P. W — moaHaa cKopocrh MaTepuy, HO aPE]D
HEYBIGKaeM, a JBHKYTCH TONBKO 3apANLI, W JTO JaeT HMEHHO TO,
aro Hy;iHO. TawmMm obGpazom, JlopeHI] COBEPIIEHHO €CTECTBEHHO 005-
SICHAET TOT ONHT, PABHO KAaK M BCe OCTAJBHEE dJIeKTPOMATHHTHEE
ombiTh, B uwacrrocTtu, ommT Bmabcona ofbsCHAETCA IpesBhIYAHHO
TMPOCTO M HATLJAAMHO TeM, 970 MOJAPUSANUA JBUKYNETOCA B MaTHUT-

. (8—1)
HOM IIOJIe JHIJIEKTPHKa 00yCHoBAUBAETCH CHIIOH — [w, H]I.

Teneps — camoe mHTEPeEcHOe: Kak Teopua Jlopenma ocymecrBiasger
NpakTH9ecKUd NpHHIUN oTHOCcHTeabHocTH! MII 3HaeM, 9T0 TOYHHI
OPUHIUO OTHOCHTEILHOCTH 3aBefioMo He Oymer mmers MecrTa. Ecam
MBI, 7KeJIasA OTBETHTH HA BOIPOC O TOM, KaK GyAyT IPOTEKaTh BIEKTPO-
MaTHHATHHEe SBIeHHs [aA Habmaomarend, ABIKYIIEIOCA BMECTE C Te-
NaMH, OPEMEHAM K YCPeIHEHHHIM JODPEHI[OBHM YpaBHeHHAM Ipeob-
pasoBanme ['anmiesn

’

= — wi t =1,
1 k3

¢ pmobaBlleHHEM YCJIOBHMHA
E' =E, H =H,

T. e. 6ymeM cUMTATH HAUDPAMKEHHOCTH abCOMTHHMHE, TO YpPaBHEHU:
OK}KYTCA HEMHBADPHMAHTHEIMEM. JTO [aer IPAMOHE pacueTr, HO B5TO
MO;KHO YCMOTPETh XOTA OH M3 TOro, 910 JOPEHNOBH yPABHEHUA OT-
JOYHLL OT TePIEBCKAX YPABHEHHY, KOTOpHE WHBAPHAHTHEL,
Mosxuo Obiyio 6B HOWTH [0 TYTH NPU3HAHHSA HEeHHBAPHAHTIOCTH
YpaBUeHH W OTPAHNIATLCA IMOKABO0M TOTO, UYTO B ORBIMAZ AMEET MECTO
mEBapuauTHOCTH. Ho Jloperi, X0Td oH u He OHJI MaTeMaTHKOM,
K cyYacThlo, momex apyraM nyrem. Cdaurasd, Kak m Bce, 9TO (usmye-
CKEA CMBICA HMEeT TOJBKO TajMJIeeBCKoe Npeolbpa3oBaHHe, OH
TOCTABHJL BOIPOC O (JOPMANBHEX, JHINEHANX (HSHYECKOr0 COTepIKa-
HEA npeofpasoBAHUAX, U0 OTHOMEHHI K KOTOPHM ero ypPaBHEHHS
O6uinm On mHBapuaHTHEL. B KagecrBe mepmoro mara ou 6eper mpeob-
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pasoBaHEe

, , (w, X)

z, =x; —w,l, t——-t——;a—,
¢opManbHO BBOAA HOBYI0O mepeMenHyio i. B reopmm Jlopenma oma
He UMeeT PHIAIECKOTO CMEIC/IA B ABAAETCA TONLKO BCIOMOTATEIBHOM
peamanHO. DUMYECKUH CMBICH IIO-PEKHEMY WUMeeT TOIBKO f, H
TOJKOBAThH PE3YJABTATH Hajo Oy#er B mepeMeHHHX X' u f.

CaMoe mHTepecHOe TO, 9TO IO QTHONIEHWI) M K 5TOMy mpeofpa-

BOBAHMI0 JTOPEHI[OBH YPABHOHHS TOKEe HEHHBAPWAHTHHL..,

MECTAA JEKNNSA
(13.1 1934 r.)

Kpamgoe pestome, Hcmopuuecruti 06a0p (npodoaxcenue): memod npeobpasosaruii,

obvacrenue onvima Duso u wacmuyhozo yeaeneHua agupa ¢ meopuu Jdopenya, onvim

Matixeavcora, onum T pymona u Hobas, ezunomesa coxpawenus, passumue Mme-
mode npeod pasosaruir, Heobxodumocmds omrasa om npeobpasosanua Iasunesn

Mu ycramoBmam o0mee IMOJOKeHHE: €CIH MH XOTHM COXPAHHETH
¥ HE33BHCHMOCTH CKOPOCTH CBeTa OT JBH/KEHHA HUCTOYHHKA W Ipe-
o6pazoBarue 'anuness u B To ke BPeMA XOTHM OCTATHCA B COTIACHHE
C OIIBITOM, TO HYXHO OTKa3zaThCcAa OT HPEHIIH]IB. OTHOCHTEABHOCTH. Ha
aToT nyTh ¥ cTax Jlopenn. OH HPHHUMAET, 9TO CYMECTBYET OAHOPOA-
HasA, A30TPONHAA U HeyBIexKaeMasa cpefa — osdup. CmcTeMa oTcHera,
CBA3AHHAA C 9TOH cpejioil, ABAAeTcA snderennoli cucTeMoil, M JBHANE-
HYe [0 OTHOMIEHMN) K HeH WMeeT CMHICI HABHBATL alCOAIOMHBIM.
Taxum 06pasoM, IPHHUAT OTHOCHTENILHOCTH HapyIIeH.

Ms1 pacemorpenm cmini, felicTByoomume, cormacao JlopeHnmy, Ha
MaTepualibEBE Tella, W TPHILIE K BHBOAY, YTO 3aKOH PAaBEHCTBA fAeii-
CTBUA ¥ IPOTHBOMAEUCTBUA JJIA HAX He BhmodHeH. CHIY OKasaloch
BOBMOYKHEIM pPasio;KUTh HA J[Be CAATAIMUe: CHIAY TeplueBCKOr0 THOA,
VIOBAETBOPANIIYI0 3aKOHY PABEHCTBA JEHCTBHA M IPOTUBONeACTBEA,
K CHJAY, He YOOBIETBOPAIYI0 B3TOMY 3aKoHYy. MH IOJYyYHIH yDaB-
HOHHA NBUKEeHHS, KOTOPEE B CIydae BAMKHYTOH CHACTEMH HMEKT BHUJT

dGo

d dY, d
v v

rae g = Sfc%, a r — pagmyc-BeKTOp, NMpPOBefeHHHHE U3 QHKCHDOBaH-
Ho# Touku ddupa — Havaaa HalleH CHCTEMH KOOPARHAT — B HENOJ-



