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Ota KHUTA SBISAETCS PEIPUHTOM OPUTHHAJA, KOTOPBI MbI CO3[aM CHEIUATBLHO
nuist Bac, WCTonb3ys 3allaTeHTOBAaHHBIC TEXHOJIOTHH TTPOU3BOJICTBA PETPUHTHBIX
KHUT U TI€YaTH 1Mo TPeOOBAHUIO.

CHavana MBI OTCKaHHPOBAIM KaXXIyl0 CTPAHHUILy OpPHUTHHATA 3TONH PENKON KHUTH
Ha Ipo(heCCHOHANTBEHOM 000PYIOBaHUH. 3aTeM C IIOMOIIBIO CIELHaNbHO pa3pabo-
TaHHBIX IIPOrPaMM MBI IIPOU3BEIIN OUYMCTKY M300pa)KeHHs OT ISTEH, KIISIKC, Iepe-
rHOO0B U TOMBITAINCH OTOENNTH M BEIPOBHSATH KaXIyI0 CTpaHHIy KHUTH. K coxa-
JICHUIO, HEKOTOPBIE CTPAHUIIBI HEeNIb3s BEPHYTh B H3HAYAIBHOE COCTOSHHE, U €CITU
nx OBUIO TPYIHO YMTATh B OpPUTHHAJIE, TO ke IpH IU(POBOM pecTaBpaluyl HX
HEBO3MOXKHO YITyUIIHTh.

Pa3yMeeTc;{, ABTOMATU3HWPOBAaHHAA NPpOrpaMMHast 06pa60T1<a PECIOPUHTHBIX KHUT —
HE CaMO€ JTYYIIEC PEIICHUE 11 BOCCTaAHOBJICHUS TEKCTA B €T0 IIEPBO3JAHHOM BHUIEC,
OJIHAaKO, Hallla HeJib — BEPHYTb YUTATC/IIO TOYHYIO KOIINIO KHHUI'U, KOTOpOfI MOXKET
OBITh HECKOJIEKO BEKOB.

IToaTOMy MBI IpPEAyNpPEXIAEM O BOBMOXKHBIX MTOTPEMIHOCTSIX BOCCTAHOBIEHHOIO
PENpUHTHOIO U3AaHus. B WM31aHMM MOTYT OTCYTCTBOBAaTb OIHA WJIM HECKOJBKO
CTPAaHMI] TEKCTA, MOT'YT BCTPETUTHCS HEBBIBOAUMBIE IIATHA M KIIKCHI, HAIIIMCH
Ha TMOJISIX WIIM MOJUEPKUBAHUS B TEKCTE, HeUUTaeMble ()parMeHThI TEKCTa HJIH 3a-
ruobl crpanull. [Tokynars wim He MOKynaTh nogo0HbIe H3aHus — pemmars Bam, Mbl
JKE JIETaeM BCE BO3MOXKHOE, YTOOBI PEAKNE U IICHHBIE KHHUTH, €Ill¢ HEAaBHO yTpa-
YECHHbIE U HECIIPABEUIMBO 3a0bIThIE, BHOBb CTAJIM IOCTYIHBIMU JUIsl BCEX YHTATe-
nen.
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NPERUCIOBHE KO BTOPOMY H3[JAHIIO

HoBoe H3paHHe 0T1M4aeTca OT NPEAHAYIEro JUIp HeOOJbIIUMU
U3MEHCHUAMH M JONOJHEHNSIMH.

Bepnuu — I'pionesansa,
nexa6ps 1930 I. Asmop

MPETHUC/IOBHE K IEPBOMY H3JAHUIO

[Tpn BHIGOpE comepikaHHA M XapaKTepa H3JIOXKeHHS npejJaraeMoii
KHUTH 51 OCHOBHIBAJICA Ha Te€X MOJIOXKEHHSX, KOTOPHE PYKOBOLMIH
MHOIO NPM COCT2BJICHHM paHee NOABMBIIUXCH B TOM e H3JaTe/lbCTBe
Tpex wacTell HaCTOAIEro Tpyha, NPENHASHAYEHHOTO [Jia MEPBOro
CepbE3HOTO BBeleHMH B Teoperuueckylo (usuky. Ilpu ToM ob6beme,
KOTOPHIl ¥MeeT B HacTosllee BpeMs TeopeTHYecKas (uauKa, H 3Hech
ONATH peyb MOMKET MTTH JHMIUb O CKYyNoM BHIOOpe M3 HMEIMerocs
Kpaiine Goratoro matepuaJa. [Ipy aTom pemaromymM GHJIO B nepayio
oyepelb OrpaHHYEHHe PAMKAMH KJaCCHHYeCKo# BOJHOBOH TeOpMH
B ee NpUMEHEREHH K CpexaM HenpepbBHOH miotHoctd. [lostomy st
HMeJl BO3MOXHOCTh YAeIUTH 6oJblle BHUMAHHA CUCTEMATHUYECKOMY
M3/IOXKEHHIO ¥ Pa3BHTHIO BHICKA3hiBA€MBIX NOJOMeHMH, a Takxe HX
CBfI3H C JPYTMMH OTAEJNaMK TeOpeTH4eCKOH (H3uku. I1uM 06ycaoB-
JeHH MHOTOYMCJEHHBIe CCBHUIKH HA MpejliecTBYIOIME TOMa HacCTO-
AIero TpyAa, B KOTOpPHX uudrpa / ykasbiBaeT Ha OOLIYI0 MEXaHHKY,
2 — Ha MexaHHKY JAe(PODMHPYEMHX TeJl M 8— Ha TEOPHIO 3JEKTPH-
4eCcTBa ¥ MarHeTHaMma.

Ho eciau B nepBHX 4YacTAX KHHIH MOXHO OHJIO pacCMaTpHBATH
MaTepHI0 KaK HENPEPHLIBHYI0 CpeLy C HenpephiBHO MEHSIOMMHCH
CBOMCTBAME, TO IpPH H3JOXKEHHH IUCNEpCHM OKa3hiBaeTcs Heo6xo-
JHMEIM OTKa3aTbC OT TAKOro mnpencTaBieHMsi. Tak Kak, OAHAKO,
NpH M3JIOKEHHU TEOPETHYECKOH ONTHKM JIUCNEpCHs He MOXKeT OHTH
ONylEeHa, TO B mnocaenHed YWacTH KHHMIH A BBeJ aTOMHCTHYeCKHH
MeTOJ, pacCMOTpeHHusi. [Ipy 3TOM £ MHTaJC HAMETHTb TaKike ecTe-
CTBEHHH# Nepexoj U K XBAHTOBOH MexaHHKe. Mue kaxercs npaBuib-
HEIM HE TOJBKO M3 NEAroTHYeCcKUX cooOpaiKeHuii, HO H O CyIEeCTBY
Jlena NOAXOAMTh K KB2aHTOBOH MeXaHHMKe, TAK e KaKk H K TEOPHH
OTHOCHTEJLHOCTH, HA OCHOBE€ Knaccu4eckon TEOpHH IIDH MNMOMOIOHK
cooTBeTCTByomero o600menus.

B xoHIE KHWrM NpuBefieH, KaK M paHblie, ajGhaBUTHHI yKa3aTelb
BCEX onpeneeHHil W BaXHedIIMX BLHICKa3aHHBIX IOJOXEHHH.

Bepnsu—TIpioneBanua,
HIOM 1927 T. Asmop



OrTABJIEHNE

[lpenHesoBue KO BTOPOMY HMBJAHHI® . . . o « . o o « o « . & e e e
IpeancIOBHE K OCPBOMY M3JAHHIO . . « + = « = « « « . « « [N
BeeficRYE B TEOPETHYECKYI0 ONTHKY . - + - . & & « o o « = « . e e e

Yacmp nepsasn

OnTyKa H3O0TPONHHX OXNHQOPOAHHX Cpen

lFaasa |. OtpaxeHue H npelioMneRue . . . . . . , et e e e e e
xaBa II. CnexTpanbHoe pasioxeHHE, HHTeppepeHMA, MoJIAPHIAUMA . . . .
Tnasa NI. TeoMeTPHYECKAA OUTHKA . « « . . « v o & « o o 4 o o o o o o «
IxaBa IV. Oudpakuus . . . . . « « . < . . e et e e e e e e e

Hacmp smopan

KpmctaanoontTHka

Fnaea 1. [Tnockwe BOMHEI . . . . . . . . .
FaaBa II. BOMHOBBIE MOBEPXHOCTH . . « « « v « « o v = o o o o o « o o .
Tnasa IIl. [NepneHAUKyASpDHOE MANEHHE . . « . - . . . . - . e e e e
I'xaBa IV. HaknoRHOe najzende . . . . . . . . e e e e e e e ..

Yacms mpemos

JAHcnepcHs H3O0OTPONMHHX cpexn

naBa . OcHoBfiblc YpaBHEHMA . . . . . . . . e e e e e e e e e
I'nasa II. Taockue BoJHHL . . . . . . .
[aaBa IfI, T'eoMerpuyecKas ONTHKA HEOLHOPONHHX cpex. CBsab ¢ KBAHTOBOMH

MEXdHHKOH . . . . . . . LT T T

VYkaszatenp oupegenemuil M BawmnelMX nomowenwid . . . . . . . .« e a - .

31
50
63

95
108
114
119

132
137

150
161



BBEJ{EHNE B TEOPETHYECKYI0 OIITHEY

§ 1. Ousuyeckan onTHka o6pasyeT cnenMalbHEIR OTHEN 3JEKTpPO-
IMHaMHKH, OXBaTHBAOWMi GLicTpo Mensonmecs noas. OcoGennoe
ee 3HaueHHe COCTOMT B TOM, YTO OHA OGHMUM&E2T Ty 06JsacTe (pu3HKH,
rge BO3MOXHH Haubojiee TOHKHE W3MEpeHHsi ¥ BCJAENCTBHE 3TOro
BO3MOXHO HauboJjee ray6oxoe npoHMKHOBeHMe B noApobHocTH ¢u-
3udecKHX mpotieccoB. BmMecTe ¢ Tem B ONTHMKe siCHee, 4eM B JPYTHX
o6nactsax Gu3MKH, IPOABJAAETCA CBoeoOpasHaf TEHAEHIMS HAYUHOIO
HCCe0BaHys — OCTaBUTh NEPBOHAYAJIBHYI0 MCXOJHYI0 TOYKY — HyB-
CTBeHHHE ON[YLIEHUs — ¥ NOCTPOMTH HallM (u3MyecKue INOHATUH HA
60siee 06GBEKTUBHBIX OCHOBaHMsX. B TO Bpemsi KaK BaxHeHmue onTd-
yecKye MOHATUA — INOHATMA CBETa M I[BeTa -— Pa3BWIMCh MEPBOHa-
YaJbHO M3 BNEYATIEHMH Hallero rJasa, B CcOBpeMeHHOH ¢usuke
NOHATUR CBETa M 1BeTa HE MMEIOT HUYEro OGILero ¢ HemoCpeACTBEH-
HBIMM OIYUIEHHAMH, HO OTHOCATCA K 3JIEKTPOMAarHMTHHIM BOJIHAM U
nepuoiaM KkoJieGaHuli; 5TO PasBUTHe BINOJIHE ONPABALIBAETCH IPYHe-
CEeHHHIMM UM 6OraThiMu IJIOJLaMH.

§ 2. B xauyecTBe MCXOXHO® TOYKH yHLOOHEE BCErO B3ATb OOCHIYIO
-cMCTeMy ypaBHenuit MakcBensa a8 37CKTROMArHMTHOIO  MOJIA
B NOKOAINMXCH TejlaX ¥ NPMTOM B To# cnenuanbHo# ¢opme, KoTO-
PYIO OHH MMEIOT JJfl MPO3pPauHKX HEMAarHUTHHIX TeJ. Tak Kax mpo-
3payHOCTh TeJa CBfi3aHA C OTCYTCTBHEM INpPEBPAICHHUA 3JEKTPOMAr-
HUTHOH 3HEprud B TemJIOTy, TO BCe NpPO3pauyHble TeJa ABJAAITCSH
3JIEKTPUYECKUMM M3OJNATOPaMM, B KOTOPHIX BeKTOp J ajexTpHuecxoro
TOKa (IPOBOAMMOCTH) BE€3fe M BCerza paBeH Hya10. Bmecte ¢ npo-
BOJHMKAaMB UCKJIOYAIOTCA U3 PaCCMOTPEHHAI M BCE€ CMJIbHO HAMarHK-
YyyBaeMble BENIECTBA, a AJifl OCTAJbHKEIX MOXHO 0€3 3aMeTHOH OLIMOKH
OTOXJIECTBUTh MarHMTHYIO HHAYKIMIO B ¢ HanpsixeHWeM MarHUTHOTO
nons H. Torma ypaBrenus moas corsaceo 3, (3) npUHMMAIOT mpo-

cTyo dopmy:

D=crotH, H=—crotE a
BMecTe ¢ 106aBOYNEIMH ypaBHeHusAMH 3, (49) u (51):
divD =0, divH=0. 2

3nece E o6o3HauaeT HanpsnKeHWEe 3jleKTpuueckoro noas, H-—
HanpsAXeHHe MarHuTHOro noJjs, D—a.nex'rpuqecxyxo WHAYKIIHIO,
€ -— KPpHTHYECKYIO CKOpOCTb.

JTa cucTeMa ypaBHeHHH OXBaTWBaeT ONTMKY BCEX NPO3PAyHBIX
BeulecTs. BXoxsulHe B HHUX NEPEMEHHEIE HIPaOT JHIIbL POJb BCIO-



8 BBEJIEHHE B TEOPETHYECKYIO OIITHKY

MoraTesbHHX BEJIMYMH, TaK KAK OHW He MOTYT OHIThb HENOCPeACTBEHHO
H3MepeH:. BeaMumHOM, K ONpeNeeHHI0 KOTOPO# CBOMATCA BCE ONTH-
YeCcKHe U3MEpEeHHMs M BHYHCJEHHME KOTOPOH ABJIAETCH, B CYLIHOCTH
roBopsi, 3ajayeil KaxJOH ONTHYECKOH TEOPHH, CJAYXHT BEeKTOp IO-
TOKa 3JeKTPOMarHuTHoM sneprum 3, (26), paBuHIii:

S [E, H], (3)

KOTOpHfi 00yca0B/IKMBaeT HHTEHCHBHOCTDH H3JYyYeHHSI MO BeJu-
YHHEe W HanpabBJeHMIO,

I padpmeiinero MCCneJOBaHHA 3TUX YPABHEHUH Hajgo NPHHATH
BO BHMMaHME CBfI3b MEXKAY BEKTOPOM 3JEKTPHYECKOTO Hampsixe-
Hus E u BexTOpoM HEAYKUMH D; 3Ta CBA3b H ONpeleNsieT xapaKTep
ONTHYECKOTO NOBeJeHHsl oNnpeAeAeHHOro BenecTsa. B cooTBercTBUU
C BUJIOM 3TO#l CBsI3H MH pa3ofbeM Bech NOJJIEXaIMH paccMOTpe-
HHIO MaTepHas Ha TPH HYaCTH M PaCCMOTPHM INOCAEN0BATENbHO ONTUKY
HM30TPONHMX OZHOPOJHHIX Cpell, KPUCTAANOONTHKY H OTITHKY HEOAHO-
POJHHX cpeJ BMeCTe C SBJCHMAMM IMcriepcHM H abcopOuus.



YHYACTH IIEPBASA
OLTHEA H30TPOHHKX OXHOPOXHEX CPE]

TJIABA 1
OTPASKEHUE H NPEJOMJIEHUE

§ 3. Inst H30TPONHOrO OJHOPOJHOTO BeLIECTBA CBA3b MEXAY
NMEKTPHUYECKOR HBAYKIMEH H HanpsikeHueM 3JEKTPHUECKOro MoJs
BhIpaXkaeTcsl ypaBHeHHeM 3, (28):

D =¢E, 4

rae £ o6o3Ha4yaeT AUNIIAGKTPUUECKYIO NOCTOAHHYIO.
Torna ypaBrenus noas (1) nepexonsT B

¢éE=crotH, H=—crotE. ®)

Mbl paccMOTpUM B KadecTse MPOCTeHIIero 4YacTHOTO pelleHHA
aToll cucTeMBl EH(epeHIHANbHRX ypaBHEHHHA Ciyyal nJIoCKOH BOJIHHI,
KOTOpasi pacnpocTpaHsieTcsl BAOJb OLHOM H3 KOODAMHATHHX oOcef,
HampuMep MO TNOJOXHTEJIbHOMY HamnpaBleHHIO oOcd x. Torza Bce
cjaraionipge NOJf He3aBMCHMB OT ¥ H 2, M TaK KaKk B ONTHKE CTa-
THYECKHE MoJS He NMPUHMMAIOTCA BO BHHMamue, TO u3 (5) u (2) mo-

AyyaeTcs:
E,=0, H,=0,

B TO BpeMs KaK IJIs IPYrMX KOMIOHEHT MMEIOT MecTo audepeHuu-
ajbHLIE YDaBHEHHS:

OE, _ _ oH, 0E, _  0H,
et =" Cox s E o =C s
oH, _ , 9E, oH, _ _ 0E,
ot ox * ot ox "

Taxkum o6pa3omM M3 ueTHpex KOMIIOHEHT MOJsi KawJAbe ABe CBSi-
3aHH nmonapHo, umeHHo £, ¢ H, u E, c H U 1A Kaxao# mapb
KOMIIOHEHT HMeeT MeCTO T0 xe camoe ;mq:epeﬁunanbﬂoe ypaB-
HeHue (6):

or = & Ox” : ©®
Ecan mbn 0603HayuMm
- = q"’. (7}



10 ONITUKA HW3OTPOMHBIX OAHOPOIHLIX CPEA

TO H3 BHBeXKeHHOro B 2, § 35 obumero uHTerpaja audepeHUHalbHOTO
ypaBaenust (6) nonyuum HauGosee obiee BeIpaxceHHe s MJOCKOH
BOJIHK, PacCMpQCTPAHAIOMENACH B OXHOPOAHOK cpejie MO MOJOXHTENb-
HOMy HampaBJIEHHIO OCHM X B BHJE:

‘E,=0, H,=0, 1
B prle=t) a2 |
Eestg(t=%), m=f-7). |

rne f ¥ g£— NpPOM3BOJILHBIC ONHO3HAYHBIE (YHKIMH OLHOrQo mepe-
MEHHOro.

Kax BuZHO, HanmpsukeHus: 0OOMX 110Je# NMepneHAMKYJAPHE K Ha-
NpaBJeHMIO PacnpOCTPAaHEHMs; BOJHA HA3LIBAETCA [03TOMY ,IMOINe-
peunoit*. OHa pacmajaercs Ba JBe B OfileM Ciyuae HE3aBHCHMEIE
ApYyr OT Apyra COCTaBJAIOIMe, HaNpaBjeHHbE BAOAbL KOOPAHHATHEIX
ocei; y ka0l U3 HMX JIEKTPHUECKOE M MarHuTHOE HaMNDSIKEHMSA
NPONOPLHOHAIBHEL ADPYr LDYry.

3HaKd ONpeAesaIoOTCR COIMIaCHO CJeAYIONleMy MpaBWJy: Hampa-
BJICHMSA HANPAKEHUN SAEKTPUUECKOro 110Jisl, HANPAKEHHS MariUTHOrO
NOJA ¥ HAMpaBjeHue pacnpoCTPaHeHMsi 0OpasyioT NpPaBy0 CHUCTEMY
KOOpIMHAaT.

§ 4. Eciu Mul Tenepp MOCTaBMM BONMPOC O TOM, YTO MOXHO W3-
MEepUTb B 3TOH 3JEKTPOMAarHWTHOH BOJIHE M Kakue ee CBOHCTBa
MOFyT OHTBH OGBEKTHBHO YCTAaHOBJICHBl, TO OKAaXETCH, YTO HENOCpen-
CTBEHHO M3MepsieMOlH BeJIMUMHOMN sIBJSETCA BEKTOP MIOTOKA 3HEPruy (3),
KOTOpHI B pacCMaTpMBAaeMOM CJy4ae CBOAMTCH K X-KOMIIOHEHTE:

[ g :
Sz= E(EyHg—EzHy)= E (f2+g2)'

Taxkum o6pasom HampapJjeHHWe MNOTOXa 3HEPrUM B OAHOPOLHOH
cpele coBmajaeT € HamnpasleHWEM HOPMaJU K BOJHE X, H KOJM-
yeCcTBO 3Hepruy, NpoTekwed 3a BpeMs df uepe3 noBepxHOCTb F,
Jexauyio B NAOCKOCTH BOJIHEH, PaBHO:

S, -F-dt=(f+g%-Fat. 9)

Ho Tak Kak 3aMeTHHe [AeHCTBUSI W3JAyueHUS MPOUCXOAAT BCerja
32 KOHEYHHIH MPOMEXYTOK BPEMEHH, TO MU3MEPEHHS JAIOT He CaM BEK-
TOD HOTOXa 3HEPruH, HO ero MHTErpaj Nno BPEMEHH MAM ero cpejiRee
3HaueHwe, B3fTOe 3a JOCTAaTOUYRO GOJNbWIOH mpomexyTok Bpemenu 7.
Ecau aas cokpaiieHuss 06G0O3HAYUM CPENHWE 3HAYEHHs uepes:

T T
7 fra=p 1 fed=g (10)
[} ]



OTPAXXEHME H NPEJOMARHHE 11

TO JyuucTas 3HEprus, MPOXOAfAIIA® B €NHHMIY BPEMEHH dYepes Mo-
BepxaocTb F, papHa:

L(P+8H-F (11)

sTa 9HEPrHfl MoxeT OnTh OOHApYIEHA KaXAhM MpubopoMm, BOCIpPH-
HUMAIOIMM JIYYMCTYIO SHEPruI0 IeJUKOM H 06JajaliiuM HeoGXo-
nuMOlil UyBCTBUTENBHOCTHIO (6osNOMETD, pagyvoMeTp, TePMOCTOJAOHK).

Mocne Toro kak usMepeH o6wUi NOTOK SHEPrHUM BOJHBL, BO3HH-
KaeT 3aflaya O ee jpanpHeliieM aHajuse; 3ajlaua 3Ta ABOHHAfA: BO-

mepBHIX, HeoOXomumo OTHenuTh o6e caaraeMele fZ u g2 npyr oT
Ipyra, BO-BTOPHIX, NepefiTH OT CpefHMX 3HAYeHUH MO BpeMeHH
K CaM¥M (QYHKUMAM, T. €. MCCJAeL0BaTb BMA BOJIHOBEIX (DyHKUMH
f v g Ilna atux nenell Heo6XonuMH OCOOHE ONTHYECKME YCTAHOBKH,
TeOpHI0 ¥ crnoco6 Ae#cTBUA KOTOPHIX MH pasbepeM B pajbHeRiueM.
3apanee o Buze 3TuX QYHKUME HHUEro HeJb3sl CKa3aTb. B UaCTHOCTH,
HET HHKAaKUX OCHOBaHWE MpumUcHBaTL QYHKIMAM f u g Kakyo-au6o
TepMOAMYHOCTh. B melcTBHTENIBHOCTY B oNTuKe BOOOHIEe He OHIBaET
BOJIHBL C PE3KO ONpejeeHHHM B MaTeMaTHYeCKOM CMHC/IE 1ePUOIO0M,
XaK 3TO, HampuMep, UMeeT MeCTo B aKycTuke. IloaTomy Mul MoKa
He Oylgem paccMaTpuBaTh BONPOC O (popMe BOJHE; MEl BEPHEMCS
K HeMy JMmb TOraa, korna 3to Oyner Heo6xoxwmo. Toabko oxHO
TIOJIOXKEHHE MBI MOXEM [PMHNTHL 3apaHee, a MMEHHO, YTO CpEAHME
3HaueHusi f U g paBHH HYyJIO, T. €.:

f=0; g=0. (12)

Ecay 6w BoaHOBas QyHKIuA MMesa cpefHee 3HauyeHWe, OTVIMYHOE
OT HyJs, MBI Moriy Gul JAHHYI0 BOJHY 3aMEHUTH IPYroit BOJHOR,
nopuuHAoleics ypaBHeHusiM (12), ¢ HaJOXEHHBHIM Ha Hee CTaTH-
yeCcKMM [0OJEeM, PaBHHIM 3TOMy CpelHeMy 3HadeHH0. ITo TMoJje
MoxeT ORTb OGHAPYKEHO BCJEACTBUE €ro MOHIEPOMOTOPHOIO BJY-
SEMA Ha 3apsKeHHOe NMpOGHoe Teao (3JEKTPOH) U TaKHM 06pa3oM
OTHAEJIEHO OT COGCTBEHHO ONTHYECKOH BOJIHHL

§ 6. Camo coGoll MOHATHO, YTO NJOCKasi BOJHA C 6e3rpaHVUHBLIM
ceueHyeM He MoxeT OHITH OCyulecTBieHa B npupone. Ho Bce Xe
MOJXHO BOCIPOM3BECTH BOJIHEl, KOTOPDHIE IO CBOUMM CBOHCTBaM NpPH-
6uvKaIoTCA K IockuM BoJiHaM. [lpencTtaBum cebe TOUCUHBIH MCTOUHHK
<€BeTa, KOTODHIH HAuWHAET CBETUTBCH B ONpEHEJIEHHEI MOMEHT Bpe-
MenY, HanpuMep npu f=0. Tak kak npeanoJaraeTcst, YTO OKpPY-
Kawollas cpena OJZHOPOJAHA M M3OTPONHA, TO cBeT OyaeT pacnpo-
CTPaHATLCA PaBHOMEPHO BO BCE CTOPOHH. Ty NOBEPXHOCTH, A0 KO-
TOpOH CBeT PacrnpoCTpaHMJICA 32 U3BECTHHH MPOMEXYTOK BPEMEHH,
HasLIBAIOT BOJHOBOM NOBEPXHOCTHIO, KaxIOoMy MOMEHTY BpEMEHH
COOTBETCTBYeT, TAKUM 05pa3oM, onpefiesleHHas BOJIHOBas NOBEPXHOCTh
U BCE OKpyMawiee NPOCTPAHCTBO 3aMOJHEHO CHCTeMOR BOJIHOBHIX
TIOBEPXHOCTEH, CAefyIOUMX OJfHA 3a APYrol M OXBAaTHBAIOLIMX ONHA
Jpyryo. B paccmatpuBeeMoM ciydae BOJHOBbl€ IIOBEDXHOCTY, OYe-
BYMIHO, IPeACTaBASPOT cOO00H cheprl, KOHUEHTPUYECKH OXBATHIBAOIIME
#CTOUHMK cBeta. HeGoabiuoii yuacTok noctaTouso GoJabuoit chepu-



12 ONTHKA H30TPONHHX OAHOPOAHHIX CPEXR

UeCKOH NOBEPXHOCTH MOMET INPHHUMATLCA € JOCTaTOYHBHIM NPHOAMMNe-
HueM 33 MJIOCKyK BoJany. Hopmaabio x nocnenmedt cayxuT COOTBET-
CTBYWOIME paguyc chephl ¥ TO e HanpaBJeHHe MMEET ¥ BEKTOP ay4a S.
§ 6. Hccnenyem Teneph fiBjeRMs, [IPOMCXOXSALIUE, KOTAA MJOCKas
BoJHa (8) Hajgaer Ha INVIOCKYX0 TIpPaBHLUY JBYX R30TDONHEX Cpel.
Iepuenauxynap K 9To#t rpaHWYHOR IMJOCKOCTH BO3bMeM 32 OChb &
HOBOM KOODAMHATHOH CHCTEMbl; HAaNpABMM STY OChb BHYTPb BTOPOH
cpean, a Touka O nycte OyneT OGMIMM HAuanOM KOOPAMHAT CHCTEM
xyz v &yl Torma Mm MmoxeMm, He yMeHbuas OGLIHOCTH paccmarpu-
BaeMOro cJyuas, pacrnojoXuTb KaK OCb ¥, TaK M OCb % B TaK Hashbl-
BaeMOR mioCkoCTH NajeHus, npo-

(Tepbas cpeda ' Bmopas cpeda XopsimeR yepes x u &, v B3ATb STY
£<0 £=0 NJOCKOCTh B KauecTBe MJOCKOCTH

x X pucyrka (uepr. 1). Bce Toukw, ans

KoTophiX £ <0 (caeBa), HaXomATCH

8L % B nepsoll cpene — B TOH, OTKyna
uneT BoJsHAa (8); Bce TOUKH, AR

i ¢ KoTopeix §>0 (cnpasa)—Bo BTO-

0 ‘= po#t cpeme, Bce TOUKHM, AJA KOTO-

pux £=0 (oce %), HaxoasTCcs B
IJIOCKOCTH, CcAyKauei rpanvued
nByx cpen. Ock x coBnajnaeT c Ka-
NpaBJe€HHEM Jyua, TNPUXOISIIIHM
Hepr. 1. cjJeBa u3 nepBoli cpend; oua
obpasyeT € MNEPHEHAHKYAAPOM,
JexaumuM B NJOCKOCTH INaneHus, yroa nageuus 4. Ock y npenacra-
BAgeT COBOH cjeq MJIOCKOCTH Najawiel BoOJHH, NepIeHIHKYIAPHOK
K MJOCKOCTH YepTeXa; 3Ta OCh 00pasyeT ¢ NJOCKOCTBI I'PaHMIIK
TaKXe yrosa @, HO Ha uepTeXe OHa He HaHeceHa, 4TOGH He yBeJIWuM-
BaTh YMcJa HaUepueHHBIX Hanpasienuit. Ocy 2 coBmazaer ¢ ochbwo &
W Hampas/jeHa oT IJIOCKOCTHM YepTexa MepneHAMKYIAPHO K HeMy.

[Ipy pemieHMH nOCTaBJAeHHON sajauu AONYCTMM, YTO KaxJjas
CHCTeMa BOJH, YAOBJETBOPAIOMIAR Au(epeHUHaNbHHM YPaBHEHHAM
BHYTPY 06eux cpeX u IPaHUYHEIM YCnOBUAM, MNpejcTaBisieT co6010
fiBJICHUE, BO3MOXKHOE€ B MNpuUpOIE.

Yro6u ynoBneTBOPHTh NH(pEPEHIHANBHHM YPaBUEHHSIM BO BTOPO#H
cpene, npeacTaBuM ceGe B Hell MJIOCKYIO BOJHY, BHPaMKaromlywCs
ypaBHeHusiMu (8), HO c HanpaBjeHueM jyya no x, (uepr. 1), sakao-
HEHHEIM K OCHM & MoJ yraoM &, ¥ ¢ NOBEPXHOCTBIO BOJIHH V2, ngu-
ueM 2; OnfTh cosnajaeT ¢ Z u {. Torna Ans wectu KoMmonesT E,,
E,, E, ng H,l, Hz, HMeloT MecTo ypaBHeHus (8), HO B rnpaBolt
YacT¥ 3TUX YpaBHEHHit XOMKHA CTOATh KOOPAMHATa X, BMECTO X,
BMECTO BOJIHOBHIX (QyHKUMH f U £ HO/MKHLI CTOATb BOJIHOBLIE (yHK-
LHH f; U g, @ BMECTO KOHCTaHT ¢ H ¢ — NU3IJEKTPHYECKas NOCTO-
sIHHaRA &, K CKOPOCTb pPacnpocTpaHeHHst BO BTopol cpene (7):

< ]
h=-=9) - (13)
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Ho atoro HenocratouyHo. liMenHo rpannuYHHe ycaoBMs TpeGyloT
cornacHo 3, § 6, 4Tob6u aasa § = 0 3HaueHHs TaHreHUMAJbHEIX KOMIIO-
HEHT HaNpsXKEHUA II0Js, T. €. BeAHYMHK .E", E;, Hq, H, B o6eux

cpenax COOTBETCTBEHHO COBNajaiu. IJTO JaeT 4eThipe ypaBHEHus
MeXAy BOAHOBHMM (GYHKUMAMH, JJf yAOBJIETBEOPEHHS KOTODHX B Ha-
meM PpacCnopsIKeHHH HAXORATCA TOABKO GYHKIUMM f; M &, TaK KakK
¢yuxkuun f 1 g 3ananu. [IpeanonaraeMoe peuleHHE HYKHO MO3TOMY
pafiTh B GQonee obmem pune. Jlas 3TOrO momycKaem, YTQ B nmepBoi
cpeje CywiecTByeT €H€ OQAHA BOJHA, KQTOpas eCTeCTREHHQ ONATH
onpelnennercs ypaBHeHusaMH (8), HO C H3MEHEHHHIM HaNpaBMEHHEM
Jyya x’, o6pasyiiuM ¢ ockla & yroa 9’ (4epT. 1) ¥ € IIOCKOCTBIO
BONHH! Y2’ npuueM onsTh 2° = 2. Torfa wlecTh KOMMOHEHT Hanps-
wenus nons, £, E,., E, H,, H, H,3anaun ypasaesnsnu (8),
€CcJ¥ B HMX BCT2BHTb BOJIHOBHE YHKIMY f'M g M BMECTO X Koop-
AMHATY X'; KOHCTAHTH & W § OCTaBJAfeM Te XKe.

Teneppr MEI NOJyYMJM pemieHMe (Kax JJA TOYEK BHYTPM INepBoii,
TaKk ¥ BHYTPM BTOPOi Cpeme) B ROCTaTOMHO OOIEM BUAE H
MOXEM NPUCTYNHTh XK COCTaBJEHHIO TPAaHMUHEIX yciaoBuii. B nepsoi
Cpefie MMeeTcsl 3JeXTPOMarHuTHoOe NoJe, 06pa3oBaHHOE HAJOXKEHUEeM
ofedHx BOJIH, NPMHATEIX HaMK IJoCKMMH. |IpuHUMas BO BHMManue,
yro komnonentn E,, H, E , H,, paBHH Hy/0, NOJNyYaeM JJIfl HHTE-

pecyolux Hac OCTaJbHEIX KOMNOHeHT B nepBo#t cpenme (§<<0):

— 5 9 — 088 o, cosd
E ,=E, cosd+E,cos Vs [+ Ve b i
1 1 .
B =E,+E,=—=-gt—="g,
Hﬂ=Hycosz9+Hy,cosﬁ'=—cosﬁ-g—cosﬂ'-g',

H=H,+H,=f+f.

C 1Ipyro#t CTOpPOHEI, NPHHMUMAss BO BHMUMAHWE, YTO KOMNOHEHTH
"

E, u H, paBuEH HyMI0, HMEEM [JIsl BTOPOH Cpeikl & >0)
__cos
E =E cost= vz

1
E = E S r— Py
z 7, VS] gl
H =H, cos? =-—cosd, -g,
H,=H, =f.
Jas rpanvusofi maockocty § =0 uMeeT MecTo:

cosd - f+cosd - f = co:’?‘ - fiy

g‘}‘g':%v
cosd - g+ cosd - g =cosd - g, (14)
f+f’ =.f11
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rme mJjs COxpallenHs MEI 0603HauNIN:

Vi‘- =2 =p
2 G

B 3TuX ueThlpex ypaBHEHHUSIX COLEPXKUTCS BCS TEOPHS OTpaXMEHUS
u npenomyeHusi. OHM, KaK 3TO BUIHO, PacnafaloTcsd Ha JBE IPYINIH,
M3 KOTOPHX OJHA COJAEPKMUT TOJABKO f-BOJHE, Jpyras TOJbKO
g-BoiHn. TakuM 06Gpa3oM 3aT¥ rpPynne BOJH BeAyT ceGd He3aBu-
CHMO ADYT OT JAPyra, M Xaxknasi M3 HHX IOBMHYETCd CBOUM CoO6~
CTBEHHLIM 33aXOHAM.

§ 7. Ilpexpe Bcero, NOJAL3YACH NOCAEHUMY YETHIDEMS yPaBHEHU-
fIMY, BHIDa3¥M Heu3BeCTHHE BOJHOBHIC &yHKuuu [, fy, &', g uepes
3ajadHble BosHoBHe GyHkuMu f u g. [Noayuaem:

ncos ¥ —cos &,

’=aa,——nﬁs>§'f=”'f’ (15)
n(cos # —cos 4"
h= césﬁl—ncosﬁ’ f=tf (16)
cos & —n cos B,
& = cost, —cost = & (7)
& —cos
gl'—";f:coia—,t%s;a?'g:"x & (18)
Aprymentamu oTux yHKIMH ClyKaT:
aaa fu g
t— =,
q
nas f; m gy
. |
q "'
ana f'u g
fug B
f——.
q

IIpu aToM Besme & =0 u, tienoBaTeNbHO, NPH NpeobpasoBaHuN
Kk koopaunataMm §, 7, {:

x=gsind, x;=xsind, x' =gxsind’,
BCJEACTBME YEro apryMeHTH MMEKT Clefylol(de 3HAUEeHHUs:

, t__qsmz? .
q

t__r;sim? t_qsim?1

q [
Tax xak ypaBrenust (15)—(18) momxun cobiopaTecs s Jio-
Goro BpemMeHn £ M s moOHX TOYEK 7 IPAaHUYHOM NJOCKOCTH,
TO HEo6XOA¥MMO, UYTOOH BCe Tpu apryMeHTa OwlIM paBHH MEXIy
co6oli. B aToM MOXHO y6enuThCsi M HENOCPeACTBEHHO, €CAH B3ATb
OT OHOrO U3 (PYHKUMOHAJBHBHIX YPAaBHEHMH YACTHYIO THPOU3BORHYIO



