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HpOIlOJ'lLH])Ie BOJIHBI U COJTUTOHBI

B TexHuueckol nuTepaType Mbl 4acTO BCTpEYaeM  TEPMUHBI —
«QIEKTPOMArHUTHBIE BOJHBDY H <«3JEKTPOMArHUTHOE M3ITydeHHey». Teoperu-
KH, BOOPYXECHHbIC KaHOHHYECKHMH ypaBHCHHAMH MakcBeiia, «BHIIT» B
HUX OTHO M TO >ke. Ho Tak nm 3T0 3a mpenmemamu naHHOH Teopuu? Bemp
9JIEKTPOMAarHUTHBIE BOJHBI M 3JICKTPOMArHUTHOE M3JyYEHHE MMEIOT CyIle-
CTBEHHBIE pa3inyuusi B (PU3UUECKOM IPOUCXOXKJICHHUU. DIIEKTPOMAarHUTHBIC
BOJIHBI TIOPOXIAIOTCS B PE3YJIBTATE MPOCTHIX KOJICOAHUI MacC 3apsKEHHBIX
YacTHIl (HalpuMep, IEeKTPOHOB B MPOBOJHUKE), a JEKTPOMArHUTHOE U3IIy-
YCHUEC — MUMCECT BHYTPHATOMHOEC MPOUCXOKICHUEC, OHO PE3YJIbTAT CJIOXKHBIX
BHYTPUATOMHBIX TIPOLIECCOB, MpeicTaBisieTcsi (OTOHAMM, HMEIOLIMMHU
CTPYKTYpPY (CYAS IO CHEKTPY) COOTBETCTBYIOUIYIO CIIOXHOCTH YKa3aHHBIX
nporieccoB. OOpa3HO TOBOPS, MOCPEICTBOM 3JCKTPOMArHUTHOTO H3JIyde-
HUS HE YEJIOBEK C YEJIOBEKOM, a «3Be37a C 3BE3I0I0 TOBOPHTY; JIIEKTpOMAr-
HUTHBIC BOJHBI OTJIMYAIOTCS OT AJIEKTPOMATrHUTHOTO M3ITyUSHHS TaK XKe, KaK
MEXaHU3MBI, CO3/IaHHBIC YEJIOBEKOM, OTIMYAIOTCS OT KUBBIX OPTaHH3MOB,
XOTS T€ U IPYTHE COCTOST U3 OJHMX M TeX ke aroMoB. Ho crenuanicros
(v OHM ITO-CBOEMY NIPaBBl) — TH TOHKOCTH HE MHTEPECYIOT, UM Ba’KHO TOJIb-
KO TO, YTO II0 Mepe YBEIHYCHHUS <OKECTKOCTH» M3JIydeHHs, Bc€ B OoJbIIeit
MepEe MPOSBISAETCS €ro KBAHTOBBIM XapakKTep M BCE MEHBIIE €0 BOJIHOBBIC
cBoiictBa. Ho 3T u apyrue ToOHKOCTH, UHTEpecyroT Hac. Hanpumep, cineny-
Iolas U3 ypaBHEHUN MakcBesia, 3arajika OTCYTCTBUS IPOAOJIbHON COCTaB-
JISIOIIEH Y 3JIEKTPOMArHUTHBIX KOJIeOaHHH.

Bunnapie oTeuecTBeHHBIE YUEHBIE, HCXOAA U3 HE MEHEE YOCIUTEeIbHBIX,
YeM KaHOHMYECKHE ypaBHEHHs MakcBelula HaydHBIX HPEANIOCHUIOK, Teope-
TUYECKH JT0Ka3aId HEOOXOIMMOCTh ¥ HEM30EKHOCTh PEalTbHOCTH MIPOJOIb-
HBIX 3JIEKTPOMAarHUTHBIX BOJNH [l]. OmHako, cymiecTBOBaHHE, TpEACKa3aH-
HBIX 3/1eCh TPOJOJBHBIX BOJH, IOKAa IKCIEPUMEHTAIBHO HE ITOATBEpPIKAC-
HO. MBI € B CBOMX MCKaHMAX OyAeM MCXOIUTH U3 MPEIIOJIOKEHHUS, YTO B
npupoJie J1oboe KosiebaHue uMeeT (KaKk MUHHMYM) ¥ IPOJOJIbHYIO, U TIOTIe-
PEUHYI0 COCTABIAIONIYI0 ofHOBpeMeHHO. Ho, cHauana Ham npunércs co-
BEPUINTH HEOOJBIION SKCKYPC B 00J1aCTh HEJIMHEHHBIX KoJeOaHui.

Emé B npouuiom Beke ObuIa JI0Ka3aHa NPUHLIMIHAAIBHAS BO3MOXKHOCTD
U TeopeThyecKkas: HeoOXOJIMMOCTh CYIECTBOBAHHUS Takoro (peHoMeHa, Kak
coNMMTOHHBIe BOJHEL. Kak mokaszano B [2, 3], OCHOBY HCCIEIOBaHHN B 3TOM
HaTpaBJIeHUH cTUMyIupoBanu padotsl J. ®epmu (¢ . [Tacroit, C. Vimamom)
10 TpoBepKe TunoTe3sl Jlebast 0 HeMMHEWHOCTH KoneOaHuid B KpPUCTAJUINIe-
CKOI1 pemeTke. Pe3ynpTaTsl MX paboT MMOKa3ald, YTO PacIpOCTPaHEHHE KO-
nebaHmil HEOOIBIION AMIUIMTYABl HAa KyOMYECKOW PEIIeTKEe OIHCHIBAIOTCS
ypaBHeHneM Koptsera-ne Bpmza (Dpuza) — odeHs npocTeiM muddepeHnn-
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JIBHBIM YpaBHEHHEM, HO C YAUBUTENbHBIM pemenneM. Ecnu paccmarprBats
pelIeHre KaK pa3BUTHE IMPOILEcca IO BPEeMEHH, TO (QyHKIUS (TIPeICTaBIIAIO-
1m1as pelIeHne) CHaYaaa CTAHOBUTCS HEMOHOTOHHOM, a 3aTeM pachajgaeTcst Ha
CHCTEMY YEAWHEHHBIX BOJIH, Ka)KAas M3 KOTOPBIX PACHPOCTPAHAETCS C II0-
CTOSIHHOW CKOPOCTBIO, COXpaHssl CBOIO opMy. Takue JIOKaIH30BaHHBIE BOJI-
HBI, COXPAHAIOIINE CBOIO CTPYKTYPY, MOJYIHIN Ha3BaHHE COIMUTOHOB. Kax-
Il U3 COJIMTOHOB IPEICTaBIISICT COO0I BOJHY, OETYIIYIO CO CBOEH CKOpO-
CTBIO, IPHUUEM, YEM BBIIIE U YK€ COIUTOH, TeM ObIcTpee OH ABMXkeTcs. Kpo-
Me TOro, HeCMOTpsl Ha TO, uTo ypaBHeHue K, B (nnm K, @) Henunelino, conu-
TOHBI «IIPOXOSIT» IAPYT Yepe3 JIpyra, He MEHssI HA ()OPMBI, HU CKOPOCTH, HU
aMIUTUTYABI.

3/1ech aBTOp HACTOSIIIETO OITyca, NpeHeOperarouiii HayYHbIM METOIOM
B MHTEpECaX MPEBPATHO MOHMMAEMOTO UM JI€a, TOPOIIUTCS BBIIBUHYTH HE-
CKOJIBKO THIIOTE3, 3 IMEHHO:

® 3JIEKTPOMAarHUTHOMY H3JIyYCHHIO ¥ BJICKTPOMAarHUTHBIM BOJHAM,
TIPUCYIIl COJTMTOHHBIA acTeKT. B paanocss3u (1 B ONTHKE) MBI OCBOMIIH IIPH-
€M TOJIBKO KaKOH-TO OJHOH «TPYNIbI YEANHEHHBIX BOJH», KOTOPBIE Pactpo-
CTPAHSIOTCA C T.H. «CKOPOCTBIO CBETAY;

e JuIsi ipueMa Oosiee OBICTPBIX W 00Jiee MEIIEHHBIX «IPYIN YeIUHEH-
HBIX BOJIH» €llle, BUANMO, HET COOTBETCTBYIOIUX «PE30HATOPOB U JETEK-
TOPOBY, & €CIIU MBI UX U IPUHUMAEM, TO MPUHUMAEM HUX 3a TIOMEXHU;

e oneITel Ko3bIpeBa, KOTOpblE OH MHTEPNPETHPOBAT  JOBOJBHO MU-
CTUYECKH, KaK IPOSIBICHUE CBOICTB BPEMEHH, BIIOJHE MOTYT OBITH CJe-
CTBHEM COJIMTOHHOCTH W3iIydeHHs. TO ecTh, (PUKCHPYEMBIH €r0 NaTYNKaMU
MIOTOK 3HEPIHH, ONEPEKAIONINHA CBET — ATO MPOSBICHHUE ITOTOKA OYEHB «Yy3-
KHX W OY€Hb BBICOKHX» COJIMTOHOB, PACHPOCTPAHSAIOMINXCA CO CKOPOCTBHIO
0oJIbIIICH, €M CKOPOCTh BOCIIPUHUMAEMOTO HAIIIMM TJIA30M CBETa,

® KpPOME TOTO, HHKTO BEIb HE M3MEPSUl CKOPOCTh PACHPOCTPAHEHHS
9JIEKTPUYECKOTO TOKAa B MpoBOAHMKE. CUMTAETCsl, YTO OHA COBIANAET CO
ckopocThio cBeTa. Ho 310 He dakr. B 70-80 rr. mponutoro Beka, mpu mpo-
THO3MPOBAHUH TOSABICHUS CyOMUKPOHHBIX HHTErPajbHBIX CXEM, TOBOPHU-
JI0Ch, YTO BO3HUKHYT CIlIOXKHe#mue npobieMel. Eciu pasmep TpaH3ucTOp-
HOTO Tepexoja B KpPHUCTaJIe MEHbIIEe MHKPOHA, TO 3aJePKKU B COCIUHH-
TeJIBHBIX MpPOBOAaX (MPHYMHA — BEJIWYMHA CKOPOCTH CBETA) CTAHOBSTCS
Ooyee CyIIECTBEHHBIMH, Y€M BpeMs IepeKIioueHus Tpansucropa. Cramm
Mpe/UIaraTthCsl CIOKHEHIINE aNrOPUTMBI CHHXPO(a3UPOBKH, BBOIMICS B
00MX0Jl TEpMUH «IKBUXpOHHAs 30Ha». Pakt, uro Tenepb Takue CHC co-
3/1aHbl, & TEPMUHA «IKBUXpPOHHAs 30Ha» — HeT. [loxoxke, YTO B MPOBOJHU-
KaX Mbl IM€EM JIeJI0 C IPYroH «rpynIoil yeAUHEHHbBIX BOIHY, COTUTOHAMY,
PacipoCTPaHSIOMNUMHUCS CO CKOPOCTHIO MHOI'O OOJbIIE T.H. «CKOPOCTH
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cBeTay. 3/1ech, Ha MaJBIX PACCTOSHUAX (BHYTPH KPHCTAJUIMYECKOM peméT-
KH), 3Ta «TPYIIa» IPOSBISIET ce0s spue APYTUX.

OTMeTHM: B IIMPOKO M3BECTHBIX KAHOHW3WPOBAHHBIX MOJAEIIX (ypaB-
HEHHAX) (pU3WYecKuX mporeccoB (HE TOJNBKO B ypaBHEHHMSIX MakcBeiuia)
OTCYTCTBYIOT TPOWM3BOIHBIC BHIIIE BTOPOW, W, CIEIOBATENBHO, peaylbHas
HEJNMHEWHas AMHAMUKa B HUX HeE yduThiBaercs. YpaBHeHue xe K B conep-
XKHT TPETHIO ITPOU3BOIHYIO.

OOpatuMmcst K mepBoMCTOYHHKaM. B pabore MakcBemna «J{uHamuue-
CKasl TEOpUS IEKTPOMATHUTHOTO MoJisi» 20 00IIMX ypaBHEHUH 3JIeKTpoMar-
HUTHOTO IMOJIs YBs3BIBAIOT 20 MEPEMEHHBIX. A UMCHHO:

® TpU ypaBHEHUS MOJHBIX TOKOB, (A)
® TpH ypaBHEHWS MAaTHUTHOM CHIIBI, (B)
® TpH ypaBHEHHS AIEKTPHUECKIX TOKOB, ©)
® TPH ypaBHEHHUS DJICKTPOIABHKYIIECH CHITBI, (D)
® TpHW ypaBHEHUS AJIEKTPHUUECKON yIIPYTOCTH, (E)
® TpH ypaBHEHUs 3JeKTprUueckoro conporusienns, (F)
® OJIHO ypaBHEHHE CBOOOJHOTO IJIEKTPHUYCCTBA, (G)
® OJIHO ypaBHEHHE HENPEPHIBHOCTH H)

AHanu3 3THX ypaBHEHHH MOKa3bIBaeT, YTO NPHUIMCHIBATE MakcBeLy
MPEJCTaBICHNE O CYIIECTBOBAHUY y 3JIEKTPOMArHUTHBIX KOJIEOAHUH HCKITIO-
YUTEJBHO MONIEPEYHON COCTABIAIOIEH, — HEIIPaBOMEPHO!

W3BecTHBIC HAM 10 y4eOHUKAM «UeTHIPE BEIHKHUX YPABHCHHS C CEMBIO
HEM3BECTHBIMM» - 3TO, (pakTHdecku, ypaBHeHHs He MakcBemna, a ['eHpuxa
lepua u XosBucaiina. IMeHHO U3 HUX, @ HE U3 UCXOIAHBIX YPaBHEHHUM caMOro
MaxkcBeinta, caemxyeT OTCYTCTBHE HMPOJOIBFHOW COCTaBISIOMICH Y DIIEKTPO-
MarHUTHBIX KoJeOaHwid. ECTh, SIKOOBI, TOJBKO TMOMEpPEYHAST COCTABISIOMIA.
B uém geno? Bo3moxno, ['ep, Haiins cpenacTBo oTO0opa SHEPTHUH TOIBKO Y
MOTIEPEYHON COCTABISIOMIEH 3JIEKTPOMATrHUTHBIX KojeOaHui (T.H. «BHUOpa-
Top I'epria»), TONBKO 3Ty MOIEPEYHYIO COCTABIIAIOUIYIO U CUEN HYKHBIM OT-
pasuth B CBOMX ypaBHEHHAX? OCTallbHOE XK€ — «OCTaBHJ 32 CKOOKaMM.
ITo-cBoeMy reHHaIbHOE PELICHHE.

Hanee, HamomMuHaHue: 4T0 Takoe «BHOpaTop ['epma»? WHayKkTHBHO-
CTBIO ¥ EMKOCTBIO 00JTIa/IacT Haxke KyCOK MPSIMOTO MPOBOA. 3aMeuaTeIbHOM
0COOCHHOCTBIO TAKOTO KOHTYpa C pachpeieiICHHbIMA apaMeTpaMHt SBIISCT-
Csl TO, YTO PE30HAHCHBIC €My BOJIHBI BIBOC JJIMHHEE CTEPIKHS, €r0 U Ha3bl-
BAIOT «IIOJIYBOJIHOBOH BHOpaTop». BuOparop B3anMoaeHCcTBYeT ¢ pe30HaHC-
HOHM BOJIHOH, nepeusitydas (otpaxas) e€. K npyrum BosHaM OH modtH 0e3-
pasnuueH. Y CTEpKHsI pa3pe3aHHOro IIOI0JIAM €CTh «HUMsI COOCTBEHHOE» —
«subpatop I'epua». OH obnamaer emE Oonee 3aMedaTeIbHBIMU CBOMCTBAMH.
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Korma conporuBienne paspesa BEIWKO, IEpe] HAMH, 1O CYTH, ABa OTIEIb-
HBIX BUOpATOpa, BIBOE OOJbIIEH PE30HAHCHON 4acTOTH. ECin ke BKIIIOYNTH
B pa3pe3 COTIacOBAaHHYIO HArpy3Ky, TO BHOPAaToOp MPEeBPaTUTHCS B HACTOS-
IIyI0 aHTEHHY (TTorIomaeT 6e3 mepensnydeHs). FlHade roBopsi:

R =0, orpaxaer;

R = «cormacoBanHas Harpy3Kkay, MOTJIOMIACT;

R = o0, HE 3ameyaer.

«CornacoBaHHasi Harpy3Ka» COCTaBIISIET HEKHIl KpaT OT BOJHOBOIO CO-
nportuBiieHust 3¢dupa, kotopoe paBHo 377 OM. K cBepeHHIO TEOpETHKOB,
BOJIHOBOE COIPOTHBIIEHHE d(Hpa CTOJb e pealbHO, KaK U CONPOTHBIICHHE
pesucropa. Hanmuue puruaHocTu (COMpOTUBIEHHS) OOECHeunBaeT Cylle-
CTBOBAaHHE KOJE0ATENLHOIO Ipolecca, OJHOW TOJNBKO aKTHBHOCTH 3J1ECh
HemoctaTogHO. CHHTE3 KaKoro-IIMOO Tpoliecca BO3MOXKEH, €CIH eCTh (ak-
TOp, KOTOPBII UTOKUT MpoIlecC CTaHOBJICHUS. Eciu OBl HH)KEHEpPHI TIOBEPH-
mm, 9To 3¢upa HeT, TO He OBIIO OBl Y HaC HU paJno, HU TEJICBUICHHSA, a OblIa
OBI TOJIEKO BCeOoOMIast «KTeOpHsi OTHOCUTEIHHOCTHY.

B nanpHeWIMX paccyXAEHUAX O HPOAOJIbHOM COCTaBJSAIOLIEN 3iek-
TPOMArHUTHBIX KOJICOaHWH, BOCIIONB3YEMCs MEXaHHYeCKOH aHajormei, a
MMEHHO — BOJIHBI Ha TIOBEPXHOCTH ITTyOOKOH BOABI, — TaK KaK MBI, He 00a-
Jasg HEMOCPECACTBCHHBIM BOCIPHUATHEM BJICKTPOMArHUTHBIX KOHe6aHHﬁ, HE
UMEEeM U HUX 3pUTEIBHBIX 00pa30B. MeTo] aHaIOruil, KOHEUYHO, HECOBEpIIIe-
HCH, HO U APYIr"u€ MCTOJbI HE JIyUIlC, a €CJIU 1 JYydlI€, TO TOJBKO IIPpH IIPO-
YHX PaBHBIX YCIOBHSAX, KOTOpbIe 00bIYHO HepaBHbBI. Kctatn, MakcBemt npu
W3JI0)KCHUU CBOCH TCOPHH DIICKTPOMArHETH3Ma, aKTHBHO HCIIONB30Ball B
Ka4yecTBe WILIIOCTPAIM MeXaHHYeCKUe 00pasbl M aHaioruu. bomee toro, B
cBoell pabore «JlMHAMHYECKash TEOPHS SJICKTPOMATHUTHOTO TOJISD» (YacTh
111, 1.74) on mmmet: «OHAKO, TOBOPSI 00 SHEPTUH ITOJISL, 51 XOUy OBITH MOHS-
THIM OyKBaJIbHO. Besikast SHeprus ecth TO ke, YTO MeXaHUYeCKas dHeprus,
CyIIECTBYET JH OHAa B (hopMe yNPYrOCTH, WK B KaKOW-HUOY b HHOU (hopMme.
OHeprust B 3JCKTPOMArHUTHBIX SIBICHHUSAX — 3TO MEXaHHYECKas >HEPTHsl.
EnuHCTBEHHBIN BOIIPOC 3aKIIIOYAETCSl B TOM, T€ OHA HaxoauTcs». BoisHo-
BBIE TIPOIIECCHI B CPEZE CBSI3aHBI HE C IMTOTOKOM, ITEPEMEIIAIOIINM BEIECTBO,
a ¢ mepenavyel UMITyJIbca OT OJHHUX YAaCTHI], COBEPIIAIOIINX KOPOTKHE Pery-
JSIpHBIE BWKEHUS, K IPYTUM (HE AyMaeTe JKe, BBI, YTO BO3IYX, HCXOISIINI
W3 CBHCTKA, POJIETAET THICSYHN MeTpOB). Habmoqast BOTHBI Ha IOBEPXHOCTH
BOJbI (WM, B BETPAHYIO MOTO/Y, Ha JYTOBOW TPaBe), Mbl BIAJAaeM B WILIIO-
3MI0, YTO BOJIa HEMpepbiBHO jaBmkercs. Ho emé B 19-Mm Beke Opaths Bebep
MMOKA3aJI1,YTO YaCTUYKHU BOABI B BOJIHE ABUI'AlOTCSA HC BBCPX BHU3, KaK 3TO
cuntas Hpr0TOH, a 10 OKpYKHOCTSAM (3JUIHIICAM), TEM CaMbIM OJJHOBPEMEHHO
co37a€TCs UILTIO3US IBIDKEHUSI BOJIHBIX MaccuBOB. OueHb XOpOIIO 3TO
onucaHo u obpucoBaHo B ydeOHuke ¢usuku P.B. Ilons (MexaHuka,
aKyCTHKa M y9eHHE O Teruiore, ctp. 302).
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BoiHbI — 3TO TONBKO 3pUMBIH JaHAMA(PT pPEaTbHOTO, HO CEHCYalIbHO HE
BOCIIPHHEMAaEMOro KoJiebatenpHoro mpornecca. [lycts manmmadramu
3aHUMAIOTCA JaHIapTHEIE TU3aifHEPHI.

Puc. 437. CBA3L JHHMIT TOKAa M KPYyroBulX nyreil B GerylmHX BOISHLIX BOJHAX.
lopusoHTanpHblii Pl TOYCK NOKA3bIBAET YaCTHUKH MOBEPXHOCTH BOXbl B COCTOMA-
HHH TOKO#, AYLH OKPYMKHOCTe — myTH, npoberaeMble HMH 1O  HanpasJcHHIO
4acoBoil crpelxd. COeIHHHB MaJeHbKHE OCMPUs CMpeAoK, Mbl NOJyyacM Mpo-
(uap  pacnpocTpansouledcs BIPaBO BOAHL B KOHUE CICAYIOLIErO NPOMCHYTKA
spemend, Kpyroewie TpaexTopuH BLMEPYEHLI A KAWOH BTOPOH CTpENKH.

WzBectHa ycTaHoBKa MaTteMmaTHka-OypOakucra Jlexena Jlupuxie:
«OponeBars MpodIEMy MIPU MUHUMYME CJIEIIBIX BBIYHCICHHH M MaKCUMyMe
HarAAHEIX unei». Criemyst 5ToMy COBETY, HE CTaHeM NpHOeraTb K IIOMOIIU
(dopmyn, a 0OpaTUMCs K HAIIUM CKPOMHBIM HJUTIOCTPALIUSIM:

l\% /\ /\ / ' / r
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Ha puc. 1 cxeMaTH4HO MMOKa3aHO, KaK MPH JIBMKEHUH YaCTHUI] BOBI 110
3aMKHYTBIM JJUIMIITHYECKUM TPAEKTOPHUSIM, HaM SIBJISIOTCS! BOJIHBI C WILIIO-
3UeH UX ABWKEHUs (JTMHUS HEOECHOTrO IBETa). DTO KaK-TO «OBET» ¢ Tpe-
CTaBJICHUAMH O CIIMHE 3JIEMEHTapHBIX yacThl. [losyuaeTcs, 4To mpu aHa-
JM3e BOJIH Ha BOJE, Iepesiadyy UMITYJIbCa CIEIyeT CBS3BIBATh HE CTOJBKO C
KOJIMYECTBOM JBMXKCHHUS, CKOJBKO C MOMEHTOM KOJHMYECTBA JBIDKCHHS
YacTHUI] BOJBI.

31ech ke, Ha MepPBOM DJUTUIICE, BUJIHO, YTO Y KOJEOAHUH YacTUI] BOJBI
(HenpepbIBHOE JBIDKEHHE MO SJUIMITHYECKOW TPaeKTOPHHU, 3aHHMAIOIIEH
OJTHO M TO K€ MECTO B IPOCTPAHCTBE) €CTh IONEPETHAs] U MPOJOIbHAS CO-
CTaBJISIOLINE.

Ha puc. 2 mokazaHO MexXaHHYEeCKOE YCTPOMCTBO Juis oTOopa (9Kc-
TPaKIUHN) PHEPTUH y MOMEPEYHON COCTABIISAIOMICH BOJHBI (MEXaHUYICCKUI
BuOparop I'epua, npuémuas anrenna). [lonsTHo, uTo Hanbonee F3PHeKTHB-
HO 3Heprusi OyneT oTOMpaThCs, eCiy IUpUHA JHHIIA MOoIIaBKa OyneT co-
CTaBIISATH TOJIBOJIHBI, & «COTJIACOBAHHAs HArpy3Ka» — YIPYroCTh MPYXXHHA
BBEPXY paMmbl, OyAET COCTaBIATH I'ZIE-TO YETBEPTH OT APXUMEIOBON CHIIBI
(BOJIHOBOT'O CONPOTUBIIEHHE BOMBI). MeXaHHUECKYI SHEPTui0 BO3BPAaTHO-
MOCTYNATENBHOTO ABIKCHHUS JIETKO NTPEBPATHTH B IPYTHE BUABI SHEPTHH.

Kak mormo Obl BBITTSIIETH YCTPOMCTBO Uit OThEMA 3HEPTHH Yy MPO-
JIOJIBHOM cocTaBisitoneil BosnHbl? Buanumo, 11 Hauana HyKHO MPUIyMaTh -
KaK pas3JeNuTh 3TH cocTamisitomye. O4eBUIHO, €CIM OCYIECTBUTH OTOOD
SHEPruM y MONEPEYHOIH COCTABIIONICH KONeOaHUs, TO PHEPrHs €ro Ipo-
JIOJIbHOM COCTAaBIAIOLIEH COXpaHUTCs. XapaKTep BO3HUKILIErO IIOCIE 3TOU
OIepaluy SBIEHUS, TOACKAXKET: YeM MOXHO BOCHOJIb30BATHCA JJIS yIIPABIIs-
€MOro 0TO0opa MOITHOCTH y MPOJOIBHON cocTaBistomeil konebanus. Ho He
HaIpacHo K€ Mbl MYYMJIM YUTATENs MPEICTABICHUSIMH O COJMTOHHBIX BOJI-
Hax? CrenaeM MPeanooKeHUE, YTO 3/1eCh KOJICOAaHMUs, JHUIIUBIIUCH MOTIe-
PEYHOM COCTABISIIONIECH, SKCTPAruPyIOTCS B BOJIHBI COJIMTOHHOTO THIIA, CBOE-
TO poja IfyHaMH. JTO, B MPUHINIE, HAOIIOAACTCs, HAIPUMED:

ecau (pUC. 2) CUMTATh UCTOYHUK KOJIEOaHU PACTIONOKEHHBIM ClieBa OT
HAIIeTO TOIJIaBKa-BHOpaToOpa, TO B 00JIACTH CIpaBa OT HETO, IZIe IHEPTHs
MIPOIOTIGHON KOJNEOAaHUsI COCTABISAIOMICH YK€  IOTVIONIEHa IOINIaBKOM-
BUOPAaTOpPOM, — OTMEYAIOTCsl OBICTPO Oeryiiye BOAHBIC HAKAaThHI, MOJOOHbIC
IyHaMH (HaJ pbIOKOif),

BOJTM3M OOJBIINX AHTCHHBIX MOJIEH MPUEMHBIX PaJMOIIEHTPOB, HA0II0-
narorcst 3PeKThl, aHOMAIIBHBIE C TIO3ULUIT TEOPUH PAHOCBS3H.

Onupasich Ha TOJBKO YTO CKa3aHHOE, BHOBb NPHOETHEM K aHAJIOTHH.
Hamm mutiocTpanny BOJIHOBOTO TIpoliecca Ha TIOBEPXHOCTH TTyOOKOM BOMBI
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JIEMOHCTPUPYIOT €r0 pa3BUTHE Ha (POHE IBYXMEPHOM MOBEPXHOCTH, IIOCKO-
CTH, C BBIXOJIOM 32 IPEACbl IBYXMEPHOIO MPOCTPAHCTBA, a IJIEKTPOMAr-
HUTHBIE BOJIHBI — BOJIHBI NIPOCTPAHCTBEHHBIC, [UII UX OMHCAHHS HEOOXOIUM
BBIXO/[ 32 MPEIEIIbl TPEXMEPHOTO MPOCTPAHCTBA. JJO/DKHOE MPEICTABICHHE O
HUX MOXET OBITh IOJYYCHO IMyTEM COMOCTABICHHS C TporieccoM pocra. O0-
Pa3HyI0 HHTEPIPETAIUIO ITpoliecca pocta aai 1.1, Venenckuii [4].

PocTt, nuiier oH — 3TO HE TOJBKO YBEJIMYCHHE WM YMEHbIICHHE B
pasMepe, HO ¥ IBIDKEHUE, MPOUCXOIAIIee BO BpeMeHH. [103TOMy BCe TOUKH
Ky0a mpH paclIMpEeHUU W CKATUU HE BO3BPAIAIOTCS HA HUCXOIHOE MECTO
(koopaMHATA BpEMEHH), a OIMMCHIBAIOT HEKOTOPYIO KpuBYI0. Poct — sBie-
HUE HeluHelHoe. B mporecce )KMBOTO pocTa pacCTOSHHUS MEXKAY MOJICKY-
JaMu (TOYKaMH) HE MPOCTO PACIIUPSIIOTCS, a 3aNOJHSIIOTCS HOBBIMH MOJIC-
KyJIaMH, KOTOpbIE TIPU JajbHEHIIEM PACHIMPEHUH, B CBOIO O4Yepe/lb, TOXKE
YCTYMAIOT CBOC MeCTO Apyrum. Takoe mpeacTaBUTh O3 MPUBJICUCHUS YCT-
BEpPTOr0 M3MEPEHHUS HEBO3MOXKHO, & C YETBEPTHIM U3MEPCHHEM — TPYJIHO,
HO BO3MOXKHO. Hampumep, 3aBsi3pb s1010Kka co3aaercsi 6aaronaps HEnpephIB-
HOMY JBMDKEHHIO BO BPEMEHH M YKIIOHEHHUIO B MPOCTPAHCTBO. 3aBsi3b OT
si0JI0Ka, TEeM CaMbIM OTJEJICHA YCTHIPHMS MECSIIaMH JIBIKCHUS €ro MOJIe-
KyJl B YETBEPTOM H3MEPEHHH, a TEOMETPHUYECKAsl CXeMa €ro POCTa MOKET
CUYHMTAThCS JMArpaMMOil 4eTBEepTOro u3MmepeHus. UeTBepToe H3MeEpeHHUE
MPOMJISIBIBACT CKBO3b pacTyiiue Gopmel B mpupoae. CHEXUHKU U JCPEBbs
0e3 JIMCThEB SIBJISIFOT YEJIOBEYECKOMY B30PY CJIC/BI JBIIKCHHUS MOJCKYJ B
MPOCTPAHCTBE YETBEPTOr0 U3MEPEHHsI, KOTOPbIE OCTAIOTCS Onaroaaps To-
My, YTO JIMHMHU JIBHOKEeHUs (pocTa) He ucuesaror. Tak, Hanpumep, Oiarona-
P TOMY, YTO CJIEIbI POCTA YCTHIPEXMEPHOIO TEJIa COXPAHSIOTCS, YEIOBEK
BUJMT MPUYY/UIUBbIC, HO yIUBUTEIBHO CUMMETPHUYHBIE (DOPMBI CHEKUHOK,
a B IPYrHX CiydYasX — JIMCThEB, 1[BeTOB. lomy4aeTcs, 4To, qaxe oOyamgas
TPEXMEPHBIM BOCHPHUATHEM, MbI CIIOCOOHBI COIMPUKOCHYTHCS C YETBEPTHIM
HW3MEPEeHUEM, YBHICTh ero ciejabl. s Jo0uTenell HarisiHOCTH MOXKHO
MpUBECTH 00pa3 TeccapakTta — YeThIpeXMEpPHOTO Kyba. ['mmorernyecku
MPEJICTaBISATh €r0 MOXXHO Kak OCCKOHEYHOC KOJIMYECTBO KyOOB, Kak ObI
BBIpACTAONIMX U3 0HOr0. OHAKO, €CIIU MPU ITOM MOMBITATHCS MBICICHHO
CMOJICIIUPOBATh [BIKCHHE B UYETHIPEXMEPHOM MPOCTPAHCTBE, TO OHO
HauOoJee aneKBAaTHO IMepeaacTCs aHAJOTHEH MPOIEeCCOB PACHIMPEHUS U
cKaTHs, KOTOPhIC HAONIONAIOTCS B TPEXMEPHOM MpocTpaHcTBe. [IpuHIU-
MUATBHO BAXKHO, YTO MPHU ITUX MPOIIECcCaxX BCE TOYKU PACHIUPSIONICTOCS U
CKHMAIOIIEToCs Teja IBHXKYTCS OIHOBPEMEHHO (IO paamycam), COXpaHsis
B3aMMHOE PACIIOJIOKCHUE OTHOCUTEILHO IICHTPa M JAPYT Apyra. 3aMeTuw,
YTO COXPAHSIOIIAACS B MPOIECCe MPOCTPAHCTBEHHO-BPEMEHHOTO PACIIH-
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peHHS CBSI3b BCEX TOUEK TeccapakTa Mex1y coOOW BakHA JUIsi IIOHMMaHUs
4eTBEPTOro m3MepeHus. durypa ocraercss CHMMETPUYHON JaXe B Ciydae
€€ pPacCMOTPEHHUsS HE C TOUKM 3PEHHUsI OCHOBHOTO LIeHTpa cummerpud, [lo-
9TOMY Kax/aas TOYKa CIOCOOHA BBICTYHAaTh IIEHTPOM, COXpaHIS MEXIy
MOJIEKYJIaMH YETBIPEXMEPHOIO TEJIa TANHCTBEHHYIO CBS3b.

Cnenyer oTMeTHTh ¥ em€ OfHO 0OcTosTenbcTBO. [Ipn paccMOTpPEHNH PaJHBOIH KaK
Iporecca pacupoCTPaHEHHUS MTONEPEUHbIX KonebaHuil B adupe, K 3Upy BO3HUKAET TpeOOBaHHE
OBITH 4yTh JIH He aOCONIOTHO TBEPABIM (IIONEpEUHbIC KoJaebaHusa), a B JPYTHX CIydasx OT
a¢upa Tpedyercs OBITH CBEPXPa3psHKEHHBIM HIEIBHEIM Ia3oM. MHave roBopsi, 3¢hup TomKeH Obl
OBLI UIMETh JOBOJILHO HapajoKcalbHbIe, B3aHMOHCKIIOUAIOIIIe CBOHCTBA: OBITh CYIepyIpYTUM U
CymepTBEPABIM, YTOOBI MTHOBCHHO YCIEBaTh MEPEIaBaTh HA CaMbIC HCBEPOSTHBIC PACCTOSHUS
MEXaHHYECKHE B3aUMOACHCTBHUSL, U B TO XKE CAMOE BPeMsi ObITh HACTOJIBKO MPO3PAYHBIM, HYTO [0
CHX TIOp €ro HHKAKMMH KCIIEPUMEHTAMHU 3apPErMCTPUPOBATh TaK U HE yYIalOCh. Paspemumo
3710 NpoTUBOpeune? B 50-x romax npouuioro Beka COBETCKUI yueHblii PUBKUH], npocTpenuBas
CTPYIO BOABI IyJieH J[OKas3al, YTO BOJAa B ITHX yCIOBHUSX AEMOHCTPHPYET CBOICTBa TBEPAOrO
Tena. CTpys pasieraeTcst yrioBaTBIMH OCKOJIKAMH, KOTOpBIE TIpaBaa OBICTPO TMpeobpasyroTcs B
oOTekaemble Karid. [Tomaraio, Ipu BEICOKHX CKOPOCTSIX, OT CKOPOCTH 3BYKa H BBIIIE, HE TOIBKO
BOZIa, M CTPYsi ra3a 3PEKTUPYs obperacT cBoicTBa TBEPAOro Teia. CyIHOCTh IPOSIBISETCS, €CIN
SIBJICHUE CYILECTBEHHO (IKCTPEMAJIBHO).

U B adupe, nox BozzaeiictBreM aunons ['epia, mpu MCHOBEHHOM €ro MepenoitocoBKe,
00pa3yroTcs ylapHble UMITYJIbCHI, IIPH TIOSBICHUH KOTOPHIX 3(DUp B 30HE HMITYJIbCa Ha MUT
MepeXoauT B MHOE (TBEPIOE) (a30BOE COCTOSIHUE, & MPOJBIKEHHE T'PEOCHKH 3THX "KECTKUX"
HMITyJIbCOB BEJET K SBJICHHIO B 3(Hpe KOJICOaHUH MONEpeyHoro xapaxkrepa (BOJIHA-4acTHUIIA).

XOoTs, KaKk I0Ka3aHO BBILIE, IPOJOJBHAS M IOIEPeYHasl COCTABIIIOLIAs HPHCYTCTBYIOT B
JII000M KoJIeOaHuH JTF000H Cpeibl OJTHOBPEMEHHO.
Ho 6onee 60-tu ner Hazax, Tecna nucan: "S nokasai, 4To yHUBEpCaIbHAS
cpena sBISIETCS ra3000pa3HBIM TENIOM, B KOTOPOM MOTYT PacpOCTPaHATCs
TOJIBKO NPOJOJIBHBIE UMITYJIbCHI, 00pa3ys IONEPEMEHHO CXKaTHE U paspsDKeHHe,
10106HO TOMY, KaK IPOUCXOIUT MPH PACTPAHEHHUH 3BYKOBBIX BOJIH B BO3/yXeE.

CrieoBatesbHO, pagHonepeaTIiK He CO3aeT BOIHBI ['epiia, KoTopsie
SIBJIIFOTCSI ME(OM, a CO3/IaeT 3BYKOBBIE BOJHBI B d)HUpe, MOBEIEHHE KOTOPBIX BO
BCEX CMBICIIAX MOJOOHBI BOJIHAM B BO31yXe".

Komy mpukaxere BepuTh?
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