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Beeoenue

DdupHas Teopusl. .. JaeT HaJIeXKJTy BBIICHUTD, Yo SBIIETCS COOCTBEHHO
CyOCTPATOM DIEKTPUUYECKOTO JIBYDKEHIS, 4o COOCTBEHHO 3a Belllb
BBI3BIBACT CBOMMU JIBHYKEHIISIMU DIIEKTPITIECKIE SBICHUS

@ .Oneenve [1]

Kak wm3BeCcTHO, pa3BUTHC TCOPUH IJICKTPOMATHETHU3MA IMPOLILIO
STarbI:

- CTUXHMIHOTO HAKOIUICHUS (DaKTOB;

- OMIBITHOT'O HAKOIICHUS (haKTOB;

- TMOMNBITOK CO3JAaHHUS (PUIMUECKUX TEOpPHUH, OOBICHIIOMIMX
3JICKTPOMArHETH3M;

- MOMBITOK CO3AaHUS (U3UYCCKUX M MATCMATHUYCCKUX TCOPH,
OMKCHIBAOIINX JJICKTPOMATHUTHBIC SIBICHUS W  MO3BOJISIOLINX
C034aTh METOAMKH KX PacycTa;

- 0000mmeHuss (PUINUICCKUX U  MATEMATHUYCCKUX Teopuit
3JIEKTPOMArHeTU3Ma U CO3JaHus EANHON MaTeMaTHIECKO TEOpUH;

- OKCICPUMCHTANBHBIX  WCCACAOBAHMMA, UMCIOMIMX  LICTBIO
MPOBEPKY U MOATBEPKICHUE MOI0KEHUH 001IeH Teopuu;

- BHCAPCHUS MOJYICHHBIX PE3Y/IHTATOB B HIMPOKYIO MPAKTHKY.

Ha 0a3ze MHOTOYHCIICHHBIX OMBITHBIX JAHHBIX OB HApPaOOTaHBI
METOJBl PACUYCTOB, IO3BOJIUBIINC TOYHO PACCUYUTATH CUJIOBBIC U
Cc1a00TOYHBIC YCTPOWCTBA M arperatbl, JUHHA [Epeaadu U
anekrpuueckue Hemu. A B XX crojmetun Ha 0a3e MOMYYCHHBIX K
3TOMY BpPEMCHH 3HAHUM OBLTH CO3JaHBl BAXKHCHWINHEC OTPACIH
COBPEMCHHOH  MPOMBILIICHHOCTH —  3JCKTPOMAIIHHO-CTPOCHUE,
PAAMOTCXHUKA ©  JJICKTPOHHKA, 0O€3 KOTOPBIX  HEMBICIUMO
CYLIECTBOBAHUE COBPEMCHHOIrO uejaoBeuecTBa. [lomoskeHue o TOM,
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YTO «HET HHUYero OoJee NPHKIATHOrO, YEM XOpOLIas TCOPHS»,
MOTHOCTBIO ceOsl OMPaBIATIO HA MPAKTUKE.

Tem He MeHee, B TCOPETHUECKUX OCHOBAX 3JIEKTPOMATHETH3MA
HAKOMHU/JIOCh MHOJKECTBO HEIOCTATKOB, TJIABHBIM U3 KOTOPBIX
SBISICTCSl TIOJTHOC HEMOHMMAaHHWE CcaMoi (U3UYECKOH CYLIHOCTU
JNICKTPUYCCTBA M 3JICKTPOMATHUTHBIX SIBICHUI. JJICKTPUYCCKHI
3apsiq CYUTACTCS Kak Obl BPOJKACHHBIM CBOMCTBOM 3apsDKCHHBIX
YaCTHL, a CaMH 3JCKTPUYCCKUE YACTHLBI HE HMMCIOT HHUKAKOU
CTPYKTYPBl M HHKAKOTO CTPOMTEIBPHOrO MaTepHasa, OHH JaKEe HE
UMeT dYerkoro pasmepa. He ompenenena Tawke u usmdeckas
CYLIHOCTb 3JICKTPUYECKOTO W MAarHUTHOro mojiei. TepmuH «mone —
0COOBIi BHJ MaTCPHI» HUYCTO HE OOBSICHACT M CBOAMT BCErO JIUIIb
HETIOHSTHOE K HEU3BECTHOMY.

B Teopum 3nmekTpoMarHeTH3Ma — HAaKOMHIOCH  MHOECTBO
MapajgoKCOB, HANPHUMEP, OHEPrETHYCCKHH  MapagoKC  YAaCTHII,
MOCKOJIBKY OHHM HE UMCIOT pa3Mepa, XOTs HMCIOT MArHUTHBI MOMEHT
U 3apsil, TO MX SHEPrus JOokHA ObITh OeckoHeuHOo Gompmoii. Ho To
JKE OTHOCHTCSI M K JIMHCHHOMY MPOBOJHHKY, B KOTOPOM MPH JTFOOOM
3HAUCHUH MPOTEKAOLIETO TOKA SHEPTUSI MATHUTHOTO IOJSI CAMHULIBI
JUTMHBI TPOBOJAHMKA OKA3bIBACTCSI OCCKOHECYHO OOIBINOW, W TOJE,
co3JaBacMoe OOpaTHBIM MPOBOTHHUKOM HE pa3pellacT CHTYALWH,
MOCKONBKY OOpaTHBI MPOBOJHUK MOXKET OBITH PACIIONOKEH Ha
JTr000OM PACCTOSIHMHM U OOLask SHEPrHs CUCTEMbI MPOBOJOB MOXKET
OBITh JOBEACHA IO TIOOOTO 3HAUCHHS.

Nmeromuecss Ha cErogHs TCOPETHYECKHE 3HAHUS B 00NacTu
SJCKTPOTEXHUKH  TMO3BONMIM  pa3paboTaTte  METOIbI  PacyucTOB
ANEKTPUYCCKUX M MArHUTHBIX YCTPOHCTB M CHCTEM, HCIOIb3YS
KOTOpBIC Pa3pabOTIYUKU CO3MATH BCE STH YCTPOWCTBA U CUCTEMBI, TO-
NPSKHEMY HE MPEACTaBIsisE (u3ndeckux OCHOB ux pabortsl. Ho
oOIIMpHAs TOJOXKUTENbHAS TNPAaKTHKA, TEM HE MEHee, co3Jana
BIICUATIICHUE O 3aKOHYCHHOCTH HAYKH 3JCKTPOMArHeTh3Ma, o0 ee
COBCPILICHCTBE. JTO OCOOCHHO OTHOCHTCS K  YPaBHCHHUSIM
anaekTpoauHamuky, paspaboranusiM Jx.K.Makceemiom BO BTOpOit
MoJoBUHE 19-ro cToneTHs. DTH YPaBHEHHS OKA3AIIUCh CTOIb XOPOIIH
U H UX OCHOBE CO3JaHO TaK MHOTO BCETO, YTO Y YUCHBIX-3JICKTPUKOB
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CIOXKUIIOCh  MHECHHE 00 M3 COBEPLICHCTBE U 3aKOHYCHHOCTH. OHAKO
CJIEIYET 3aMETUTh, YTO BCIKHUE YPaBHEHHS OTPAXKAIOT TOIBKO MAaJyIO
YacTh BCEX CBOWCTB MOJECIH JTFOOOTO SIBICHHUS, IPHYEM caMa MOJEIIb,
JaBIIas >KU3Hb YPaBHEHHSAM, TOXE OTPaKAaeT CBOWCTBA SIBICHHA
YaCTHYHO, W HCKIIOUeHUil 3meck Her [2]. Ilostomy m ypaBHEHHA
MakcBenna OTpaskaroT JHUINb YacTh CBOMCTB TOW MOJAEIH, KOTOPYIO OH
pazpaboTain A SJICKTPUICSCKUX SBICHUH, & €r0 YPABHEHUS OTPAXKAIOT
JWIIb YacTh CBOMCTB 3ToW Mozenu. OTcroga yTOYHCHHE YpaBHEHHI
SJCKTPOAMHAMUKHN Ha 0a3e YTOYHEHHBIX MOJAETCH JOMKHO CTaTh
OOBIYHBIM PAOOYHM JETOM M HE JOJDKHO BBI3BIBATH OTTOPIKCHHS.

B 37Ol KHHrE A7 MOHWMAHMS CYITHOCTH 3JEKTPOMAarHUT-HBIX
SIBIICHUU TMPUBICUYCHB 3(QHUPOIMHAMHYCCKHE  MOJCIH, B OCHOBE
KOTOPBIX  JIGKAT JABIDKCHUS ddupa — (GHU3MUECKOH  cpensl,
3aMONHAIOMEN BCE MHPOBOE IPOCTPAHCTBO M SIBJLIIOIICHCS
CTPOUTENBHBIM  MATEpUANIOM AT BCEX  0€3  HCKITIOYCHUS
MaTepHaIbHbIX 0Opa30BaHUI, BKIIOYAs BEIIECTBO, DJICKTPUYCCKOE U
MarHuTHoe mojis. IMEHHO IBIKEHHE MOTOKOB 3(Hpa, B KOTOPBIX
00pa3yroTcs TPaAUCHTHI JAaBJICHUN, OKA3bIBACTCA TOW (DU3MUCCKOM
OCHOBOI1, KOTOpas U 0OCCIICUMBACT BCEC TE SIBJICHHS, KOTOPBIC HayKa
OTHOCHT K KaTETOPHH 3JIEKTPOMATrHUTHBIX SBICHUH [2].

Pazymeercs, sdupoanHamuyeckue Momenu, Kak U BCSKHE
¢uznUecKue MOJCTH, TOXKE HE OTPAXKAIOT M HE MOTYT OTPAaKaTh
3JIEKTPOMArHUTHBIC SBIECHUS BO BCEHl MONHOTE, TEM HE MEHEE, IO
CPaBHEHHMIO C COBPEMEHHBIMH IIPEJICTABICHUSIMH 3TO IIar BIIEPE,
MIPUYEM IIaT CYIIECTBEHHBIH.

AdupoauHamMuka €CTh pa3acia MEXaHUKH, MOCKOIbKY KaK U BCS
MEXaHHKa OINEPUPYET NMEPEeMEIICHUIMU Macc B mpoctpaHctse. OHa
OMHUPACTCS HAa MOACIBHBIM U MATEMATUYECKUIl ammapar ra3oBod
MEXaHHKH, TTOCKOIBbKY Ha BCEX YPOBHIX HEPAPXUUIECKON OPTaHU3aANN
MaTepUH JCHCTBYIOT ONHHM W T€ K€ (PU3UUCCKHE 3aKOHBI, a 3(up
okazancs Qu3nIecKoi ra3onoxoOHON cpeJol cO BCEMH CBOWCTBAMHU
OOBIYHOTO PEambHOro, T.C. BI3KOrO CXKHMMaeMoro raza. B sTtom
ok3amach H cuma SQUPOIUHAMHYECKOTO TOAXO0JA, IOCKOIBKY
spupomMHAMHMKAa ~ TONYy4YHJIa OT CMEXHOH ob0macth — rasoBoid
MEXaHUKH BECh HApaOOTAHHBIA MOJCIBHBIH M MaTCMATHYCCKUI
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armmapar. He Bce mpoGiiemMsr B caMOM 3TOM ammapare OKa3ajuch
PCIICHHBIMH, HO 3TO BCE K€ €CTh OCHOBA, KOTOPOH O0Ka3aioch
BO3MOYKHBIM BOCIIOIb30BATHCS Jinie: MO/ICTUPOBAHUS
3JICKTPOMATHUTHBIX SIBICHHUH, YETrO0 PaHbIIE HE OBLIO. A MOCKOIBKY
BCEC OTO MEXaHWKA, TO MOJACIH OKA3aIUCh HATISAHBIMH, BOMPEKU
VTBEPXKACHUSAM HCKOTOPBIX «YYCHBIX» O TOM, 4YTO HHKAKHX
HACJISJHBIX MPESICTABICHUN /1 MUKPOMHPA CO3AaHO OBITh HE MOKET.
OHu omuOauch, MOAEIM CO3JAHB, M HAa HX OCHOBE OKa3aJIOCh
BO3MOKHBIM HE TOJIBKO TMOHAITh (PU3UUCCKYIO CYIIHOCTh OCHOBHBIX
3JCKTPOMATHUTHBIX SIBIICHUM, HO U YTOUYHUTH HCKOTOPHIC YPABHCHHUS,
B TOM YHKCJIC ypaBHECHUs MakcBelia, MpeacKa3aTh HEKOTOPBIC HOBBIC
SBJICHUS W TMPOBECPUTh WX B J1a0OPaTOPHBIX, a HEKOTOPhIE U B
HATYPHBIX YCAOBUSX. JTH HOBBIC SIBJICHHS, KaK T'OBOPHIIA PaHBIIC,
HaWJCHBI «HA KOHYMKE IMEpa», T.C. MPEACKA3aHbl Ha OCHOBE HOBBIX
MOJENbHBIX NPEACTABICHUN O CYIIIHOCTH SIBJICHUH.

Takum oOpa3zom, >dupogMHAMUKA TMO3BOSIET B  OOmacTu
3JCKTPOMATHETH3MA CCIATh CUIE OJWH IHAr, YTO, HCCOMHCHHO,
OKQ)KETCS MOJIC3HBIM U B MpUKIagHOM acrekre. Ho mpu Bcem 3TOM
3TO TOJBKO HAYajJ0 HOBOrO J3Tama pa3BUTHS Yy4CeHUS 00
3JICKTPUICCTBE.
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NnaBa 1. YTo Takoe aneKTpnyecTBO?

1.1. KpaTkast uctopusi ctaHOBJIEHUA TEOPUMN
anekTpomarHeTuama

CoBpeMEHHON TECOPUH  BICKTPOMATHETH3MA  MPEALICCTBOBAI
JUTATCTIBHBI TEPHOA HAKOIUICHHS 3HAHHA 00 BIEKTPHYECTBE U
margern3me [1]. B XVII u XVIII BB. nccnenoBaHuio HpHUPOABI
sJeKkTpudecTBa ObliM  mocBsimieHsl  Tpyasl  M.B.JlomoHOCOBa,
I'.B.Puxmvana, b.®panknmuna, I1.0.Kynona, IL/luBnma wu apyrux
yueHbIX. Pemmaromee 3HadueHue nmMeno cozganue A.Boasra mepsoro
HMCTOYHMKA HENPEPBIBHOTO Toka. B mepsoii Tperm XIX cromerms
ObLTM MPOBEACHBI MHOTOYHCICHHBIC HMCCICAOBAHUS XHMHYCCKHX,
TCTIOBBIX, CBCTOBBIX M MATrHUTHBIX SIBJICHUH, BBI3BIBACMBIX
3JEKTPUIECKIM  TOKOM (tpyaet  B.B.IletpoBa, X.K.Opctexa,
H.®.Aparo, M.Dapanes, JIx. I'eapu, A.M.Ammepa, ['C.Oma wu
apyrux). Bo Bropoii momoBure XIX B. 3T pabOTHl MOMYYHIH
MHOTOUYHCIICHHBIC MPAKTHYECKIE BHEAPCHUSI BO MHOTUX pa3paboTKax,
HaIIEAINX IMHPOKOE IPUMEHEHHNE B IPOMBIIIIeHHOCTH [2—4]. W npn
BCEM 3TOM MPAKTHYECKHN HUKTO HE 3HAET, KAKOBA CYTh AJIEKTPHUECTBA
U MarHeTH3Ma, 4Ymo OHH COOOH MPEACTABISIOT, B YEM 3aKIFOUACTCS
ux (pU3nUCCKast mpUPoa.

HyxHo ckazate, uro B XIX B. ObLIM NpEINpPUHSATE HEKOTOPHIC
TMOTBITKY Pa300paThesl B BOIPOCE O TOM, UTO K€ MPEACTABISIOT COOOI
SJCKTPUYICCTBO M MATHETH3M (DPU3HUYCCKH, U3 YEr0 OHU COCTOAT M KaK
OHU yCTPOCHBI. Tak WK WHAYE, BCE OHU OBLIN BBIHY>KACHBI IIPHUBIICYbD
K PACCMOTPEHHUIO MPEACTABICHUs 00 3(upe, ABIKCHHUS KOTOPOrO, IO
WX MHEHUIO, U JIEKATH B OCHOBE JIEKTPOMArHETH3Ma.

M.®apancii BBIIBHHYT MPCIONONOKCHUEC O CYIICCTBOBAHUHU
CHJIOBBIX TPYOOK 3ektpuuecta («PapaaeeBsl CUIOBBIC THHUNY) |5,
6]. IIpeacraBneHust 00 3MCKTPOMATHUTHBIX SIBJICHUSAX KaK O BUXPEBBIX
JBWDKCHHSIX  S(QUPHOW  >KUAKOCTU Obn  chopMyTHUPOBAHEI
I''T'enemronbiiem [6], B.Tomconom [7], Yennucom [8], Makceemiom
[9], a TaxKe HEKOTOPBIMU APYTUMH aBTOpamMu — Xesucaiizom [10-11],
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Kemm6emmom [12], Jlapmopom [13], JlamkeBenom [14], AGparamom
[15] u mp. 3HAUUTENBHBIH BKI B TOHUMAHUE MPOLIECCOB, CBSI3aAHHBIX
C TMPOXOKICHUECM 3JICKTPUUCCKOTO TOKAa IO TPOBOJAM BHECIIH
memeukuii ¢usuk I1L pyae [16], co3maBmumM 3ICKTPOHHYIO TCOPUIO
MPOBOAUMOCTH METALIOB, u HuAcpaaniackuii ¢usuk [ .Jlopenr [17]
CYIIECTBEHHO pPa3BHUBIIMN M JONOIHUBIIMK 3Ty Teopmio. B XX
croimeTund IomoOHBIe uAcH BhIcKasbiBammch Jx.Tomcomom [18],
H.K Kacrepunsim [19], B.®.Mutkesuaem [20].

Martematudeckass TEOPUsS JJICKTPUYCCTBA W MarHeTusma Obina
CcO3JaHa U MPAKTUUCCKU 3aBepiucHa BO BTopol momoBuHEe XIX B. Ee
armodeo3oM sBUIICSH 3HAMCHHUTHIN «Tpakrar 00 3JCKTpUYECTBE U
marHeTu3me» [21], wammcanasit Makcsemtom B 1873 1. B Hem
MakcBemny yaazoce oOOOLIMTE Pe3yapTaThl paboOT psiAa YYCHBIX
Taknx kak B.Tomcown, M.®apazeii, I'.I'ememronsu, Kupxrod,
Paukun, Kymnon, Ammnep, Puman, Hefiman, Opcren, Jlenn u maOrnx
apyrux  (Crokc, Bebep, Yemmuc, ®uzo, Bepae, Pus, bup, Xomn,
Ksunke, I'pun, Jlxenkun, Jlarpamwk, ®@emuum, ®dyko, Kuobmayx,

[lynpe) ®w  AOHONHUTH JOCTIDKEHUSI  UCCIEJ0BaTENeH
SJIEKTPOMArHUTHBIX SIBJICHUI TOrO BPEMEHU TeOpUeH
snektpomarsutHoro mnomsi. B «Tpakrare» Makcsemnom Oblin
OKOHYATEIbHO oopmeHs! 3HAMEHUTBHIE ypaBHEHUSA

SMICKTPOOUHAMUKY, TOIYIUBIOUC €ro mMs. B TakoM Buac Teopus
3JCKTPOMATHETH3MA COXPAHUIACH A0 HAINUX JHCH MPaKTHUYCCKHU Oe3
mmeHeHnit.  Tpakrar MakcBemna  sSBWICI  OCHOBOM — BCEX
MOCTCAYIOMIMNX YICOHUKOB IO DJICKTPOTEXHUKE U DJICKTPOAMHAMUKE.

IMoxkanyit, He MeHbIlnee 3HadeHue umenaa u padora I'.Jlopenma
«Teopust SACKTPOHOB M €C¢ TPUMCHCHHEC K SBJICHUSIM CBETA H
TCIIOBOT'O M3TYUICHUY, HanmcanHas uM B 1909 r. [17].

PabGorer MakcBenia v, B YaCTHOCTH, €rO YPaBHCHHS 3JICKTPO-
MArHUTHOTO MOJS OKA3aJIM PEIIAOIICE BIUSHUC HA PA3BUTHC YXKC B
XX crometuu Takux OOJACTel HAyKH, KakK JICKTPOTCXHHUKA,
SMICKTPOAUHAMHUKA, PAIUOTCXHUKA, JICKTPOHUKA M Jake omrTuka. U3
STUX 3HAMCHHUTHIX YPaBHCHHUI BBITCKAJIO, YTO MOTYT CYIICCTBOBATH
3JICKTPOMATHUTHBIC BOIHBI, PACIPOCTPAHSIOMHKCCS B MPOCTPAHCTBC
CO CKOPOCTBIO CBETA. JTO MPEACKa3aHue ObLIO caeaaHo MakcBewioM
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B pabore «O puzmueckux cuaoBbix guHusIx» (1861-1862) [9]. B atoit
pabore MakcBemt, IMOMB3YSICh MOJACIBI0 HEKOCTO BHXPEBOTO
MexaHu3mMa B 3(QHUpe, BICPBBIC MPUXOJUT K CBOUM 3HAMCHUTHIM
VpPaBHCHUSM H BBOJUT TIOHITHC TOKA CMCIHICHUSA. MakcBemt
COBCPIICHHO OMPEACACHHO CTaHOBUTCS Ha mno3unuu Dapazges,
CBSI3aHHBIC C MPU3HAHUEM PEATBHOCTH (DU3UUICCKOTO COCTOSHUS
cpempl, TPEACTABAICMOrO  CHIOBBIMH  JjmHWSIMH.  KoHmemmwms
ONU3KOJACHCTBYS CIIOKUIACh Y HETO OKOHYATCIBHO, U JajbHEHIICH
€ro 3aJadcii CTajo OTPa3UTh CTPYKTYPY TIOMSI B MOICHIX U
VPaBHEHMSIX, UYTO U ObLTO MM BhIIONHEHO B 1873 1. B «Tpakrare 06
SJICKTPUYCCTBEC U MAaTHCTH3ME).

Hcxons w3  ypaBHeHmMH  MakcBemia, OCHOBAaHHBIX — Ha
MPEACTABJICHUAX O BUXPCBBIX ABIKCHUAX 3(upa, HEMEUKUN (pusuk
I'eupux T'epuy B 1886—1889 rr. ¢ moMompr0 HU300PETCHHOTO UM
BHOparopa SKCICPUMCHTAIBHO JOKa3at CYIICCTBOBAHUC
3JICKTPOMATHUTHBIX BOJIH U UCCICAOBAN UX CBOHCTBA (OTPasKCHUE OT
3epKaj, MpeaOMIICHME B mpu3Max u T.i). ['epr moaTBepaun Bce
OCHOBHBIE  BBIBOJBI  MAaKCBE/LIOBCKOM TEOPUU O  CBOMCTBax
3JICKTPOMArHUTHBIX BOJH [22].

Ilocne ony6mukoBammss B 1888 1. pabor I'epua mo
3faeKTpoauHAMUKE pycckuil ¢usuk u usoOperarear A.C.Ilomos B
1895 r. co3mam HEOOXOAWUMYIO [JUIS TEpeJadyd U NpHeMa
SJICKTPOMATHUTHBIX BOJH AammapaTtypy, 4YeM TMOJOXKUI HAYaI0
paguorexHuke [23].

Takum 00pa3oM, ypaBHCHHS 3JICKTPOMATHUTHBIX MPOLECCOB,
BeiBeacHHBIC JDk.K.MakcBemom Ha OCHOBEC MPEACTABIACHHUI O
BHUXPCBBIX JABIDKCHUSIX 3(upa, HE TONBKO HMEIOT TECOPETUUYCCKOS
000CHOBAHNUE, HO U MPOILTH BCECTOPOHHIOK MPOBEPKY MPAKTHKOM.

Ilone3Ho HamOMHHUTH, |YTO YPABHCHUSA JJICKTPOAMHAMUKH
BbIBeICHBI MaKCBENTIOM HA OCHOBaHHM MOJCICH MBIKeHUS 3(upa, B
CYLIECTBOBAHUU KOTOPOro MakcBesut Ol YOCIKACH.

«JeiictBurenpHO, — mumer MakcBeMI, — €CITU BOOOIIE SHEPTHS
TICPEIACTCS OT OAHOTO TElIA K APYrOMY HE MTHOBCHHO, a 32 KOHCYHOC
BpEMs, TO JODKHA CYIICCTBOBATh CPEOAa, B KOTOPOH OHA BPEMCHHO
MpeOBIBACT, OCTABUB MIEPBOC TEJIO U HE JOCTUTHYB BTOpOro. [losromy
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STH TECOPUHU JODKHBI MPUBECTU K CYLICCTBOBAHHIO CPEABI, B KOTOPOIt
Y IPOUCXOJUT 3TO PACHPOCTPAHCHHUECH.

YpoBeHp  3HaHWI ~ CBOWCTB  3dHpa  TOrAa  OKazaucs
HEIOCTATOYHBIM, BO3MOXKHO, IO 3TOU MpPHYHHE CKOJIbKO-HHOYIb
YAOBIECTBOPUTEIBPHON  KAUECTBEHHOM TEOPUH 3IEKTPOMArHUTHBIX
SIBIICHUN CO3JaTh HE YAAJIOCh, W BHHUMAaHHE HCCICIOBATENCH OBIIO
o0pameHo K KOMHYCCTBCHHOMY W3YUCHHIO DJICKTPUYCCKHUX U
MarHUTHBIX SIBICHUH, BBISBICHUIO 3aKOHOMEPHOCTECH M CO3JAaHUIO Ha
WX OCHOBE pacueTHbIX MeTomoB. Ha 3ToM myTu OBLIM MHONyYECHEI
BBIJAIOINMCCS PE3YNbTaThl, I[O3BOJMBIIUEC CO3JaTh COBPEMCHHYIO
MaTEMaTHYECKYIO TEOPHIO dekTpoMarneTnsMa. Ho He pusmueckyro.

B cBasm ¢ TpymHOCTAMH cO3maHUS (PU3MYUECKOH TEOpHH
SJEKTPOMArHETU3MA, & TAKKE B CBS3U C YCIEXaMH KOIMYECTBCHHBIX
METOAOB y MHOTMX TCOPCTUKOB W MNPAKTHKOB  CIOXKHIOCH
BIICUATIICHUE O TOM, YTO HUKAKOW HEOOXOAWMOCTH B MOHHMAHHU
CYTH BIEKTPUYCCKHX W MACrHUTHBIX siBICHUH Her. OmHako Takoe
MHeHUe riayooko omuboyHo. Hemonnmanue (u3nyueckoi CyIIHOCTH
SIBIICHUN MIPUBOJUT K TOMY, YTO CO3JAHHBIC KOJTHYCCTBCHHBIC METOBI
HAYMHAIOT MIPUMCHSTHCS 0€3 KaKuX Obl TO HH OBLIO OrpaHHYCHUH, YTO
WHOTJAa TPUBOIUT K OonbimuMm omubOkaMm B pacuerax. bomee Toro,
HEYYTECHHBIMH OKa3bIBAOTCS MHOTHEC CYIIECTBEHHBIE 00CTOSTEIBCTBA.
N eme Gomee — MOSBISIOTCS HOBBIC 3aJa4H, KOTOPHIC CO3JAHHBIMU
METOJAaMH PELINTh HE MPEACTABISECTCS BOZMOXHBIM, U OHU OCTAIOTCS
HepelmeHHbIMH. [I[puMepoB TOMy MHOrO M B 3JICKTPOTEXHUKE, U B
PaIMOTEXHHUKE, U B JPYTUX OOIACTAX, TAK MM MHAYC CBS3aHHBIX C
3JICKTPOMATHUTHBIMU SIBJICHUSIMH, JAKE B ONTHKE.

Ecmu Ovl Obina co3naHa kauecTBEHHAS TCOPHS DIEKTPOMATHUTHBIX
SIBIICHUH, TO, BEPOSTHO, OONBIIMHCTBO ()YHKLHUOHATBHBIX OIMHCAHHHA
U BBITCKAIOIIUX H3 HUX KOIWYECTBCHHBIX METOAOB pPACUYCTOB
COXpaHHIUCh Obl HEU3MEHHBIMH, HO B HEKOTOPBIX CIy4asx OHHU
MpeTepHeny Obl CYIIECTBCHHBIC YTOUHEHHS. A 3TO MO3BOIHIO OBI
CO3JaTh HE TOJIBKO HOBBIC METOIBI PACUECTOB, OOJIEEC TOUHBIC, HO AAXKE
HOBBIC HATPABJICHUSL.

Tak wnm wWHaYe, HO, ITUPOKO HCHONB3Ys MATEMATHUCCKHE
3aBHCUMOCTH TCOPHH 3JCKTPOMATHETH3Ma M JeNias W3 HUX HHOTIa
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Jake obmeduaocockue 3aKIIOUCHUS, TCOPETUKU U MPAKTUKU 0 CUX
MOp HE HMCIOT HHM ManeHInero mNpeACTaBICHUS O CYIIHOCTH
snextprdectBa. [logasisomiee OOIBITMHCTBO K STOMY MPHUTEPIIETIOCH
U HE CUMTACT HY>KHBIM 3TOT BOmpoc mognmMate. Ho He cienyer
3a0BIBATH, YTO paHO WM TO3AHO HECOBEPUICHCTBO TEOPHUU
HEW30€)KHO MPHUBEIECT K CTOJIKHOBCHHIO C MHTEPECAMH MPAKTHKOB,
KOTAa OKAKETCS, YTO CO3NAaHHOTO TEOPETHYECKOro  3ajena
HEJAOCTATOYHO /ISl PCLICHHUS MPUKIATHBIX 3a4ad. ITO mOoTpedyer
JANBHEHIIEr0 pa3BUTHSI TCOPHUU, HO Pa3BUTHE TCOPHH, HE HMMCIOIICH
MPEACTABICHUI O CYIIHOCTH pPAacCMaTpUBACMBIX CIO SIBJICHUH,
HEBO3MOJKHO.

Ha HeoOXomuMOCTh CYIIHOCTHOrO MOAXOAa K H3YYCHHIO
3JIEKTPOMATHUTHBIX SIBICHUH oOpamjand BHAMAaHHE MHOTHE YUCHBIC.
Eme ®.Ourensc B 1882 roay mucan [1]:

«cKIrOunTEIbHAS SMITUPUS, TO3BOILIOMAs ceOe MBIIIJICHUE B
JAY4LIEM CIy4Yae pa3Be TUIIb B (JOPME MATEMATHYCCKUX BBIUMCICHUH,
BOOOpakaer, OyATO OHA OMEPUPYET TOJIBKO OecCropHBIMU (hakTamu.
B neiicTBUTENMBPHOCTH JKE€ OHA ONEPUPYET  MPEHMYLICCTBEHHO
TPaIULMOHHBIMUA  TNPEACTABICHUSIMH, mo OonpIIeH  YacTH
YCTapeBLIMMHU MPOXYKTAMHU MBIIIICHUS CBOUX MNPEIIICCTBEHHUKOB.
IMocneanue cayxaT € OCHOBOM it OCCKOHCUHBIX MATECMATUYCCKUX
BBIKNIQJOK, B KOTOPBIX H3-32 CTPOTOCTH MAaTEMaTHYECKHX (PopMym
JEerKo 3a0BIBacTCs THIIOTETHYCCKAs MPUPOJA MPEANMOCHIIOK. JTa
SMITHPHS y’KE HE B COCTOSIHUU MPAaBHIBHO H300pakaTh (akTsl, HOO B
N300paKCHUE MX Y HEE MPOKIAABIBACTCS TPAIULHOHHOEC TOTKOBAHHC
STHX (aKTOBY.

B 1906 r. B wu3BectHOil paGore «Teopust smexTponoB» [17]
I'.Jlopennr ormewaer:

«XoTs1 ypaBHEHHS (3IEKTPOMArHUTHOrO moist — B.4.) sBIstOTCS
MOJIC3HBIMH TPU PACCMOTPEHHM MHOTHX 3aJa4, OHH HE MOTYT OBITh
MMPUMEHEHBI BO BCEX 03 MCKITIOUCHUs ciaydasx. Eciau Obl gaxe 310 u
HMMEN0 MECTO, Halla Teopus mepecTtana Obl HAC YAOBJICTBOPSTH NpPU
MOMBITKE 3arjsIHYTh TIyOXKEe B HPUPONY SBICHUN: NCHCTBUTEIBHO,
BEAb B OTOH OOLICH TCOPUM MBI BBIpAKAEM OCOOCHHBIC CBOWCTBA
Pa3MHYHBIX BECOMBIX TEN, MPOCTO MPHUIMCHIBAS KKIOMY U3 HHUX
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CHenaNbHbIC 3HAYCHUS JURIEKTPUUECKOH TOCTOSTHHOM,
MPOBOAMMOCTA W MArHUTHOW mpoHunaeMoctu. Eciu ™Mbl XO0TUM
MOHATh, KAKUM 00pazom (KypcuB Mo — B.A.) d3mekTpHUecKHe U
MAarHUTHBIC CBOWCTBA 3aBUCAT OT TEMICPATYPhl, IUIOTHOCTH,
XUMHUYCCKOTO CTPOCHUS WIn KPUCTAZIMYCCKOTO  COCTOSTHUS
BCIIECTBA, TO MBI HC MOXKEM YAOBJCTBOPHUTHCS MPOCTHIM BBCACHUEM
UL KQXKIOTO BEIIECTBA 3THX KO3(QQUIMEHTOB, 3HAYCHHUS KOTOPBIX
JO/DKHBI  OLPEACTASATHCS M3 OMbITA: MBI OyAeM MPUHYKICHBI
00paTUThCA K KAKOW-HUOYAb THIOTE3E OTHOCHUTCIBHO MEXaHU3MA,
JICKAIICTO B OCHOBE BCEX ITHX SIBJICHUI.

Cnemyer ¢ TOpuUCKOpOMEM KOHCTaTHPOBATS, YTO  YCHEXU
MPUKIATHBIX HAYK CO3Jald  HBIHC CYLICCTBYIOIICH  TEOpUU
SJIEKTPOMATHUTHBIX SIBICHUA U B OCOOCHHOCTH, TeOpuu Makcsemna
opeos abCOMIOTHOW HWCTHMHHOCTH, a COBPEMCHHAS TCOPCTHUCCKAS
(u3MKa WCKIIOYMIA MPEIACTABJICHUS O CYICCTBOBAHUS 3dupa B
MPUPOJAC, BHUXPEBBIC JIBHXKCHUS  KOTOPOTO  PacCMaTPUBAIKCH
MakcBeaioM Kak OCHOBA 3JICKTPOMArHUTHBIX SIBJICHUE. Tem cambiM
Obl1a UCKIIIOYEHA Kakas Obl TO HUA OBLIO BO3MOXKHOCTD JAJIbHEHIIErO
VYIIyONeHUsT B MOHUMAHHUE CYIIHOCTH 3JICKTPOMArHUTHBIX SIBJICHUH.
[IpssMbiM  CIEACTBHEM 3TOrO SIBUJIOCH TO, YTO MATEMATHYCCKHC
3aBHCHMOCTH JJICKTPOAMHAMUKH, CO3xaHHOM Makceemwiom 0Oosiee cta
JICT HA3a[, MPAKTHYCCKU HUKAK HE PA3BUBAIUCH.

IMombITKM HEKOTOPBIX HCCACAOBATEICH YTO-THOO M3MCHUTH B
JTUX YPABHCHMSIX BCETAa OKAHYMBAIKCH HEyJade. ITO AaI0
ocuoBanue JL.BojpiMaHy B CBOMX MPUMEYAHMSIX K HEPEBOLY PabOThI
Makceemna «O ¢Qusudeckux CHIOBBIX TUHUAX» B 1898 r. HammcaTs |
9, c.194]:

«JI mor OBl cKa3zaTh, 4TO MmOCJIEedOBaTeM MakcBeana B ITHX
VPaBHCHUSX, TMOXKAIYW, HHYEro KPOME OYKB HE MCPEMCHUJIM.
Opnako 3to ObutO OBl ciaumkoMm. KoHeuHO, HE TOMY ClIeAyeT
VAUBIIATHCS, YTO K OTUM YPABHECHHUSIM BOOOIIE YTO-TO MOTJIO ObI OBITH
mobaBiaeHO, a ropasmo Oonee TOMY, Kak Majio K HUM OBLIO
J00aBICHOY.

Ceroans, Oojee cra Je€T CHyCTs, 3TO yAWBJICHUE bosbiMaHa
COXpAaHSCT CBOK CHIIY: K ypaBHCHHSIM MakcBelia MPakTHYCCKU HE
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J00aBJICHO HUYErO, XOTS 33 3TO BPEMs HAINMCAHBI COTHH YICOHHKOB
MO0 TEOPETUYECKUM OCHOBAM OBJICKTPOTCXHHKH, JJICKTPOJUHAMUKH U
PaAUOTCXHUKE, PCLICHBI TBICAYM TMPUKIAAHBIX 3axa4, CO3JaHbL
pasHooOpa3sHeiitiue ycrporictBa. Kasaaoce Obl, 4TO HET HHKAKUX
OCHOBaHHH BO3BpAINAaThCs K 3ToMy Bompocy. OIHAKO 3TO HE Tak.

BO-HepBbIX, UACATU3UPOBAHHBIC TIPCACTABJICHUA O ABHXKCHUAX
S5(pupHOW SKHOKOCTH TPUBEIM K MapajokcaM B MOZAETX
SJICKTpOMAarHeTuima, HOI[O6HLIM TCM, KOTOPBIC HMCHOT MCCTO B
TUAPOANHAMUKE HﬂeaHLHOﬁ KUAKOCTHU, HAIPUMCP OSHCPrud CAUMHULBL
JUIMHBL ~ BUXPS paBHa OCCKOHCYHOCTH HE3AaBUCHMO OT  €ro
NHTCHCHUBHOCTH. B SJICKTPOANHAMMHKC BO3HUK napanokc,
AHAJIOTUYHBI ~ PAacCMOTPEHHOMY:  DHEPrus  €IWHULBl  JJIUHBI
MPOBOAHMKA C TOKOM paBHAa OCCKOHEYHOCTH HE3aBHUCHMO OT
BCJIMYHUHBI TOKaA. HpaB;[a, MOCKOJIBKY OAWHOYHOI'O IIPOBOAHUWKA B
MPHUPOAE HE CYILICCTBYET, MOSBIICTCS BO3MOXKHOCTD Pa3peLICHUS
3TOro MapajgoKca 3a CUECT PACCMOTPEHUS BCCH KOHCTPYKIHUH B LICIIOM,
BKITIOYAsi OOpaTHHIH MPOBOAHHUK, TOTJA 3TOT MapagoKC pa3peiuacTcs.
Tem He MeHee, NAPaIOKCATBHOIO TMOJOKEHUS HE JOJDKHO
CymCcCTBOBATh HU AJIA Kakou CHUCTCMBI, B TOM YHCJIC U AJIA YCJIIOBHOI'O
OAWHOYHOI'O MPOBOAHUKA.

Nwmerorcas n HCKOTOPBIC APYIruc HCAOCTATKU CYIICCTBYIOLIUX
MoJerel: OOMPIIMHCTBO M3 HUX HE PaccMaTpUBACT B3aUMOICHCTBUS
BCHICCTBA U 3JICKTPOMArHUTHBIX nonef/i, OTpBIBas UX TCM CaMbIM IpPYyT
OoT Japyra, B HCKOTOPBIX BBIPAXKCHUAX HUKAK HC OTPAXKCHO
BSaHMOﬂeﬁCTBHG HCTOYHHKOB TIONICH U TCJI, HA KOTOPBIC OHHU
BO3JCUCTBYIOT, U T.IL.

BO-BTOpLIX, BbBISICHUJIOCh, YTO MHOTIUC PACUCThl, IIOCTPOCHHBIC
Ha OCHOBE ypaBHeHHII Makceenna, JaroT BecbMa MPHUONIDKCHHBIC
PE3yabpTaThl, OTINMYAIOIIUCCI OT HaﬁﬂeHHbIX OMIIMPUYCCKUM ITIYyTCM,
Ha JECSATKU MPOLICHTOB, WHOTAA W B HECKONBKO pa3. DTO Kacaercs,
HampuMep,  B3aUMOMHAYKIMH  OoiplmuX KOHTypoB.  IlpaBaa,
OPUKIAAHUKNA K 3TOMY IMPUBBIKIIN, OTHOCAT HCYBA3KU K HCYUCTY
COIMYTCTBYIOMIMX (PAKTOPOB U B MPOLIECCE OTIAAKH YCTPOHCTB BHOCAT
H€O6XO,Z[I/IMI>IC KOPPCKTUBHI. Ho anamms IIOKa3bIBACT, YTO OJHUMHU
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HCYUYTCHHBIMU (baKTOpaMI/I OTK/IOHCHHUS B pacucTrax O6’bHCHI/ITL
HEITB3SI.

B-Tpetbux, OOHapyXWJIOCh, YTO CYIIECTBYET CEpus 3a4ad
QJICKTPOAUHAMUKHN, KOTOPBIC HC MOTYT 6LITI: pCOICHBI Ha OCHOBC
CYLICCTBYIOLIMX MPEACTABICHUA. JTO CBSI3aHO, B MEPBYIO OUCPEIb, C
TEM, YTO aBTOpPaMU MOJETCH paccCMaTPUBANKCH JHIOb TEPBBIC
HpI/I6J'II/DK€HI/IH K SJICKTPOMAariuTHbIM SIBJICHUSIM, a TaKUX
HpH6HH)K€HHﬁ mo MCpPC HAKOIUICHUS HOBBIX MJaHHBIX MOXKCT 6LITI:
CKOJIBKO YTOAHO, MPUBCIN K TOMY, YTO HCKOTOPBIC MPUKIAAHBIC
3agavyu  3JICKTPOAVMHAMHKU OKa3bIBalOTCd HCPCIICHHBIMU, TIPUYCM
HUMCHOTCA 3ada4i, KOTOPBIC NPUHIUIINAJIBHO HCJIb3d PCIIUTHL HaA 63.36
ypaBHeHuit Maxkcsemnia.

K Takum 3agavyaM, HarpuMmcep, OTHOCUTCA COBMCCTHOC ABHXKCHHUC
ABYX OJWHAKOBBIX 3apsiaoB, HCIOABMIKHBIX OTHOCUTCJIBHO JApPYT
Jpyra: TOKa OHH 00a HEMOABIIKHBI, OHH OTTAIKUBAIOTCS APYr OT
Jpyra mo 3akony Kynona, HO ecnm oHM BMecTe, HE CMELIAsICh OAUH
OTHOCUTEIBHO JIPYroro, MEPEMEINAIOTCS B MPOCTPAHCTBE, TO OHHU
TCHCPb CTAHOBATCA TOKaMU, IPUTATUBAOIMUMUCA OPYr K JOPYry.
ITouemy?

Taxoil  3amaueii, Hampumep, SABIIETCI W 337ada O
pacnpoCTpaHEHHH 3JIEKTPOMAarHWTHBIX BOJIH jumnoieM Iepra,
MIOMCIICHHBIM B MOMyMpoBOmAIMyro cpeay. Humoms I'epma, T. e.
JUIONb C COCPEOOTOYCH-HBIMH MapaMeTpaMy, KOTOPBIE H3BECTHHI,
MMOMELIEHHBIA B HOJYyHPOBOJAIIYIO CPEAY, MAPAMETPBI KOTOPOU TOXKE
U3BCCTHBI, U3JIYy4YaCT TOK H3BECTHOU BCJIMYUHBI, YaCTOTa KOTOPOro
TOXXC HU3BCCTHA. HY)KHO OmnpeACIUTb INJIOTHOCTH TOKa B CpCAC B
3aJaHHON TOYKE MPOCTPAHCTBA. JTa 33aJada MOJHOCTHIO (DU3UUCCKU
ompenencHa. HecMoTpsi Ha  TPUBHANBHOCTh  IIOCTAHOBKUH U
3aMaHYMBYI0 BO3MOXKHOCTh W3 OOINErO PEIICHHS 3TOH 3aJauu
MNOJIYUIUTh Kak HpeﬂeHLHLIﬁ cnyqaf/i MHOTI'UC YaCTHBIC PC3YyJIbTaThbl —
U3Iy4EHHE B HACAIBHOM Cpeae MpU  OTCYTCTBUHM  AKTUBHOM
IpOBOAUMOCTH, 3aTyXaHUC MJIOCKOHM BOJHBI B DOJIYIPOBOAHUKC IPHU
6CCKOH€‘{HLIX PaCCTOAHUAX OT AUIOJIA U HCKOTOPBIC APYruc, — 3aaava
00 m3nydeHun aunons lepia B MOmympoBOISINECH CpeAe HUKOrAa U
HHUKEM HC 6])1.]'[8. peurcHa, W TOMNBITKK €€ PCHIUTh HCU3MCHHO
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KOH4Yanuch Heygaueil. Mmerorcs, mpaBaa, HOmbITKH c(OPMHPOBATH
FOTOBOE PELICHHE IYyTEM MEPEMHOKEHUS ABYX YACTHBIX PEIICHUN —
pelIeHusl 3aJavM O PACIPOCTPAHEHHMHM IO jumoneM l'epma B
HUJCATBbHON Cpele M PEIICHUs 3aJa4d IUIOCKOM BOJHBI, HO TaKoOU
ITOJXOJ COBEPIIEHHO HekoppekreH. Ha camom nmene sta 3amada He
MOXET OBITh PELICHA HA OCHOBE YpaBHCHHMH MakcBenna, Tak Kak
MPHUBOIUT K CUCTEME YPABHEHHI, HE IMCIOIIUX OOLIEro PeIICHHS.

He pemensl mpezenpHbic 3amadun 00 3ICKTPUYECKOM IIONE B
HYJIbCUPYIOIIEM OJHOPOIHOM 3JIEKTPUUECKOM IOJIE U MHOTUE APYTHE.
CyLIecTBYIOT JaKe LETbIC KJIACCHI  JICKTPOJMHAMUYCCKUX 3a1ad,
(PM3HHYECKH TONHOCTBIO OINPCICICHHBIX, KOTOpPBHIE, TEM HE MEHeEE,
HENb3s1 PEIIATh C TIOMOIIBIO ypaBHEHUIT Makcsema.

B-uerBepTHIX, CrIeAyeT OTMETHTb, 4YTO HE BCE ITOHATHA,
HUCTOIb3YEMBIE B TEOPETUYECKOM DJIEKTPOTEXHUKE, UMEIOT YETKHUM
¢usnueckuii cMbicn. Yto Takoe «BEKTOpHBIH moteHUman A»? 1o
Takas BENMYMUHA, BUXPb KOTOPOH €CTh BEKTOP MAarHUTHON MHAYKLIMH

B:
B =rot A.

DuzndecKnii ke CMBICT 3TOW BETMINHEI OTCYTCTBYET.
B-miATEIX, B JIOTMKE 3IEKTPOMAarHeTH3Ma HMEIOTCS HEKOTOPHIE
HeyBs3ku. Hanpumep, cratndecknii moctynat Makcsenia

[Dds=q,
S

HOMCH.[aeMI:Iﬁ B y‘l€6HI/IKaX TCOPCTUUCCKUX OCHOB JJICKTPOANMHAMUKA
B paszJenax CTaTHUKH, ITOCJC MPEACTABICHHS ero B JuddepeHInanbHoi

dhopme
divD =p

MOMEIIACTCSA YK€ B pa3geia AUHAMUKHA, XOTS MOCIACHHss (dopma
MPEACTABJICHUS MO0 (PU3UICCKON CYUIHOCTH HHYEM HE OTIHYACTCS OT
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mpeaplayme. B pesyiaprate WrHOpUpYyeTCs — 3ama3gelBaHHC B
3HAYCHUAX BIEKTPUUCCKOW MHAYKIMH D mpu mepeMerneHun 3apsaos
0 BHYTpH OXBAUCHHOTO MOBEPXHOCTHIO S MPOCTPAHCTBA.

A, B-IIECTBIX, HEOOXOAMMO HAIIOMHHUTb, YTO HU OJHO SIBICHHE
HE MOXET OBITh ONHCAHO TMOIHOCTBIO, YTO BCSKOC OIUCAHHUE
MPHUONDKEHHO, M €CNM HAIMCAHO YPAaBHCHHE, OTPaKAroLIee HEKUit
MpoLIeCC, TO caM (PaKkT HamHMCaHWs 3TOrO0 YPaBHECHUSI C KOHCYHBIM
YHCIOM WICHOB O3HAYaCeT, YTO 3TO YPABHCHHUC OMHCHIBACT MPOLIECC
YaCTUYHO, MPUOIMKEHHO. A 3HAYHUT, PAHO HIU TMO3JHO BO3ZHHKHET
HEOOXOIMMOCTh €r0  YTOYHCHUSI. JTO OTHOCHUTCSI KO BCEM
KOHKPETHBIM ~ TIpoueccaM W (PU3WYECKUM  SBICHHSM, u
3JICKTPOMATHUTHBIC SIBICHHS HE SBISIOTCS UCKITIOUCHUEM.

W3noxxeHHBIE ~ MOMEHTBI, a TaKkKe HEKOTOpbIC  ApYrHE
COOOpakeHHMsT HE  TO3BONAIOT  CYUTATh  Pa3BUTHUEC  TCOPHUU
3JIEKTPOMArHETU3MAa MOTHOCTBIO 3aBeplIeHHBIM. OIHAKO AanmpHEHIIast
SBOIIOLHS €€ BO3MOYKHA JIUIIb HA OCHOBE JETATbHOTO KAueCTBEHHOTO
PaccMOTpEHHUsI MPOLIECCOB, MPOHCXOAALINX B 3ICKTPOMATHUTHBIX
SIBIICHUSIX, YTO M 3aCTABISICT BHOBb BEPHYTHCS K pa3paboTke Moaemne
STHX SBJICHUH C YYETOM TEX HEAOCTATKOB, KOTOPbIC OBLIN MPUCYIIN
PaHHIM THAPOMEXAHHMYECKAM MOACTISIM.

[TosTOMY HOMNBITKH YTOYHECHUSI YPABHEHUHN 3JICKTPOINHAMUKH HE
JODKHBI BBI3BIBATH mHporecta. HeoOxoamMo muime yOemauTbcs B
KOPPEKTHOCTH ITOCTAHOBKY 3aaYH.

OnHako BCSKOE YTOUHECHHE YPaBHEHUI JOMKHO Oa3upoBaThecsl Ha
MPCACTABICHUH O CYIIHOCTU SIBICHHS, HA C€ro Ka4deCTBCHHOM
momemu. Jbx.K.MakcBennm crmegoBam — AMHAMHYECKOMY  METOAY
HCCIeTOBaHMH dekTpoMarHetusma. OH MPeACTaBISIT ICKTPUICCKUE
U MArHUTHBIC SIBICHUS KAk HEKHE BHXPEBBIE MPOLIECCHI,
mporekaromue B 3QuUpe — Cpeae,  3amoiHSIOUEH BCE MHPOBOE
MpocTpaHcTBO. W MOCKONBKY OH momarai, d4To 3Hp — 3TO HEYTO
BpPOAC HICANTBHOW JKHIKOCTH, TO OH IOHPOKO HCIIOIb30BAI
MPEACTABICHUS THIPOMEXAaHUKOB CBOETO BPEMCHU O CBOMCTBAaX U
¢dopmax OBWOKEHHS TaKOW J>KUAKOCTH, B YACTHOCTH IPEACTABICHHUS
I' T'enpmronena, ¥V.PankuHa m Apyrux ucciaeoBaTeneil. YduTeIBasd,
YTO MHpeAcTaBiIcHHS MakcBemaa 00 3JICKTPOMATHUTHBIX SIBICHUSX,
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BHIPAKCHHBIC €ro YpaBHCHUAMH, MOy YHTH XOpoImee
MMOATBEPKACHUE, XOTSA HM HE aOCOMIOTHOE, ObIIO OBl  JIOTUYHO
BEPHYTBCS K €r0 MOJCIH C TIOMPaBKOH Ha COBPCMCHHBIC

npeacrasicHus 00 3dupe.

B nHacrosiee BpeMst €CTh BCE OCHOBAHHUSI BEPHYTHCS K MOACISIM
3JCKTPUUECTBA U MarHeTu3Ma, paspadoranusiM Jx. K. Makcsemiom u
€ro MPEIUICCTBCHHUKAMHU, [IOMBITATHCS MOHATh KX HEAOCTATKH C
MO3UIUI CCTOMHANIHUX MPEACTaBiIcHU 00 3dupe u Pusuueckyro
CYIIHOCTh JJICKTPUYCCTBA, MATHCTH3MAa U JJICKTPOMATHHUTHBIX
SBJICHUH, A 9er0 HEOOXOTUMO YTOYHUTh (U3HUCCKYIO MOJCIb
3JCKTpOMArHeTu3Ma o HA  3TOH OCHOBE MMPOU3BECTH
COOTBETCTBYIOLIHUEC  YTOYHCHMS  YPABHCHUU  DICKTPOMATHHUTHBIX
spyeHuii. [lpu 3T0M cTOMT HE 3a0BIBATH, YTO ¥ YTOYHCHHASI MOJCITb, U
YPaBHCHUs, BBITCKAIOUINC W3 HEE, HC MOTYT OBITh MOJHBIMH |
JATbHEUIINE YTOYHCHUS MOJCIH M YPABHCHUU 3JICKTPOAUHAMUKH B
OyayuieM HEU30CKHBI.

W3noskeHHOE  MaeT OCHOBAaHUE IS IOMBITKH  UCIOJHHUTH
HacrasyieHue @.Jurensca, BoickazanHoe uM B 1882 1. B «JluanekTuke
mpupoas» [1, ¢. 452]: «QneKkTpuyuecTBO - 3TO ABHIKCHUC HYACTHUIL
3upa U MOJCKYJBl TET HPUHUMAIOT Y4aCTHC B 3TOM JBIKCHHM.
...PazmuuHBIC TCOpPUM MMO-Pa3HOMY HM300pPAXKAKOT XapakTep ITOro
JBIDKCHHUSI, ...OMHPAsSCh HA HOBCUIIME HCCICAOBAHHMS O BHUXPCBBIX
JBIDKCHUSIX, BHAST B HEM — KaXKAas MO-CBOEMY — TOXKE BHXPEBOC
JBIDKCHHC. ...JQupHas TEopus... JacT HAACKAY BBIICHUTb, YMO
SIBJIICTCSI COOCTBEHHO BEILICCTBCHHBIM CYOCTPATOM 3JICKTPUYCCKOIO
JBIDKCHUSI, 4O COOCTBEHHO 32 BCIIb BBI3BIBACT CBOUM JBIKCHHEM
3JICKTPUICCKUC SBICHUS.

He momxHO OBITE COMHCHHSI B TOM, YTO MPCANPHUHSATAS HUKE
MOTBITKA MPEACTABUTh CYIIHOCTh 3JICKTPOMATHUTHBIX SIBICHUM, Kak
U BCsKas MOJOOHAs MOMBITKA, HOCHT YACTHYHBIA XapakTep. JTO
00jice MOCTAHOBKA MPOOJICMBI, HEXKEIM €¢ pelicHue. TeM He MEHee
aBTOp VBEPCH, UYTO TMOAOOHBIC TMOMBITKA TOJC3HBI, IOCKOJIBKY
[MOMOTAOT JIYYIIC MOHATh CYI[HOCTh JJICKTPOMATHUTHBIX SIBIICHHA,
OMPEACAUTh HOBBIC HAIMPABJICHUS HCCICAOBAHUN, a B HEKOTOPBIX
CAydasx YTOYHHTP yKE U3BECTHBIC MATCMATHICCKUC 3aBUCUMOCTH.
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[IpencraBiaeHHBIC HIDKE MOJACTH  BNEKTPOMATHETH3MA, IO-
BHIVIMOMY, UMCIOT CBOU HEIOCTATKH, NO3TOMY B JANBHCHIIEM H HX
TAKXKE CICAYET YTOUHSATh U AOMOIHATh, KAK M BCIKUC JPYTUE MOJCIH.

CeromHst  cTpeMicHHE  TOHATH  (DUBHYCCKYIO  CYIIHOCTb
SJICKTPOMATHUTHBIX SIBICHHNA Oollee YeM CBOEBPEMEHHO. MOXKHO
CUMTATh, YTO HA 3Ty OPOOIEMY CICAOBAIO ObI OOpATUTh BHUMAHKC
3HAYUTEIBHO paHblIe, HOO0 BCe MaTepUanbl I 3Toro Obuan. Psgom
ABTOPOB MOJOOHBIC TMOMBITKH OblTH mpeanpuHsaTel. Cpean HHUX
cneayer otMmetuth Tpyasl B.d.Murtkesnua (Jlenunrpan, 20-30-e
roael) [20], coBpemennas pabora I .H.Huxomacsa (Tomck) [24], B
KOTOpOH MpPHBEACH OOLIMPHBINA MEPEUCHb MApaJIOKCATBHBIX C TOYKH
3pEHUS] COBPEMEHHOM JJIEKTPOAWHAMHUKH SIBICHHUM, a TaKkKe H
HEKOTOPBIX Apyrux. MX HemocTaTkoM BCE JKE€ CIEAYET CYUTATH
HETIOTHOTY ¢buznueckux MpeCTaBICHUI 0 CYIIHOCTH
3JEKTPOMArHETU3MA, YTO HE MO3BOJUIIO aBTOPaM CO3JaTh CIUHYIO U
HEMPOTHBOPCYHBYIO  (U3UUCCKYIO KAPTUHY  SJICKTPOMATHUTHBIX
sBreHnd. Hipke crenaHa MmomeiTKa B KAKOW-TO CTCIICHU BOCIOIHHTH
3TOT TIPOOEIL.

Caeayer OTMETUTb, YTO NPU pEATH3ALUH STOH MOIMBITKU
BO3HHKIIN OTIPECIICHHBIC TPYAHOCTH, CBSI3aHHBIC c
HEMPOPAOOTAHHOCTHIO OTACIBHBIX IMOMOKCHUN Ta30BOM MEXaHUKH U
OTACTBHBIX TOJIOKCHUA JaKCe TAaKOro pasicia MaTreMaTHKH, Kak
BEKTOpHBIM aHanmu3. K MEepBBIM OTHOCATCS SIBHO HEOOCTATOYHBIN
VPOBCHb TCOPHU MOTPAHUYHOIO CIIOS B CKUMAEMBIX CpPEAax, TCOPHUU
B3aUMOJACUCTBUSI BUHTOBBIX CTPYH, TCOPHUU  B3aUMOACUCTBHS
BHHTOBBIX BHXPEBBIX TOPOHIOB U HEKoTopbie Apyrue. Ko BTophIM
OTHOCSITCS HEKOTOPBIC MPEACTABICHUS, YKOPCHUBIIKECS B BEKTOPHOM
aHamm3e, HO HEAOCTATOYHO OOOCHOBaHHBIC (DM3MYCCKH, HAIPUMED
3ampeT AENCHHUS KOJIMHEAPHBIX (COBMAAIOIIUX IO HAMPABICHUIO)
BEKTOPOB JPYr Ha Apyra. Xots (pHu3nIecKuil CMBICT TaKOH ONeparLiu
OYEBHJICH, 3aIPET HA MPCIACTABICHUE TAKOH BEIUYHHBI, KAK TPAJUCHT
BEKTOpa, XOTS M 374ech (IU3MYCCKUH CMBICT SICEH (HampuMep,
TPaAMEHT CKOPOCTH MOTOKa BoAsl B peke). Hekoropeie n3 sTux
TPYAHOCTCH yJaloch OOOWTH, HO JACTanbHas MpopadoTKa BCEX
MOTOOHBIX BOMPOCOB BIICPEIU.
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Oco00 caeayeT OCTAaHOBUTHCS HAa AHAJOTHU JJICKTPOMarHeTH3Ma
U THIPOMEXAHUKH

B nuteparype MHOrHE aBTOpPHI OOparaiy BHUMAHUE HA aHATOTHIO
MEKIY MOBCACHUEM >KHUAKOCTH M JJICKTPUYCSCTBA, YTO AK€ B CBOC
BpEeMsI MPUBEIO K MPEACTABICHUSIM 00 «3JICKTPUUCCKOM (irronacy,
HEKOTOPOH  3JICKTPUYCCKON KUIKOCTH, OOJIAJArOIICH CBOWCTBAMU
HICATbHOM, T.C. HECKHMMACMOW M HEBSI3KOM >KHUIKOCTH, JIBYDKCHUS
KOTOPOI OOYC/IOBIMBAIOT 3jCKTpuieckue siBjacHus. Haunbosee uetko
sto Bbipazua Jhx.K.Makceenn B cBoux padorax «O ¢apaneeBbix
croBbIX JUHUAX» (1855-1856), «O (m3MIecKUX CHIOBBIX THHHSIX
(1861-1862), «/lunamuueckass TeopHst BNEKTPOMATHUTHOTO IO
(1864) [9] u «Tpakrtat 00 3aekTpUUccTBE U MarHeTu3me» (1873) [21].

MakcBenan ykaspiBaja, 4rto «Mbl JOMKHBI HANTA TAKOH METOJ
KCCIICIOBAHMSL, KOTOPBIA HA KaXKJIOM IIAary OCHOBBIBAJICS HA SICHBIX
(pU3MYUCCKUX TPCACTABICHUSX. .. ...MaTEeMaTHYCCKOE CXOJICTBO
HEKOTOPBIX 3aKOHOB OCTAHETCS B CHJIC M C YCIIEXOM MOXKET OBITh
KCIIOJIb30BAHO B TIOJIC3HBIX MATEMATHUYCCKUX MTPUCMAX.

IIpu nomotnu aHanoOruii TAKOro PojJa S MOMBITAJICS IPSACTABUTD B
yroOHol (opMe Te MaTeMaTHYECKHE MPUEMBI U (QOPMYJIbI, KOTOPHIC
HEOOXOAMMBI JJISI U3YUCHUS 3JICKTPUUICCKUX SIBJICHUL.

...OTUM TyTeM MBI T[OJIY4aeM T'COMETPHUYCCKYIO MOJCb
(u3MUeCKUX CHJI, JArOIIy T[OBCIOAY HANpPABICHUE CHIIBI, HO
HCOOXOAMMO €IIC HAWTU METO/ AJIS1 BBIPAXKCHHUSI HHTCHCHBHOCTH 3THX
CHJI B KaXAOM TOYKE. ITO OyAET AOCTUTHYTO, CCIAM MPEIACTABIISATH
paccMaTpUBacMbIC KPUBBIC HE MPOCTO JIMHHUSIMH, HO TpyOKamu ¢
MEPEMEHHBIM ~ TCUCHHEM, [0 KOTOPBIM TEUET HECKHMacMast
SKUKOCTB.

N nmance:

«CyOcTaHumy, O KOTOpOH 34eCh HAET pedb, HE JOIDKHO
MPUIUCHIBATECI HU OJHOTO CBOMCTBA JEHCTBUTEIBHBIX >KHUAKOCTEM,
KPOME CHOCOOHOCTH K JBIDKCHHIO W COMPOTHBJICHHUIO CXKATHIO.
...YmotpeOneHue TEPMUHA  (GKUAKOCTBY»... O3HAYACT  TOJBKO
BOOOpaKaeMyt0 CyOCTaHITHIO CO CIICAYIOIIMM CBOHCTBOM:

JIrobasg 4acTh >KUAKOCTH, 3aHUMAKOIAA B KaKOH-1MOO0 MOMEHT
BPEMCHHU JAHHBIA 00bEM, B KAXABIH MMOCACIYIOIINUI MOMCHT BPEMCHU
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Oyaer 3aHuUMaTh TakoW k€ O0O0BeM. OTOT 3aKOH BBIPAXKACT
HEC)KUMAEMOCTh JKMIKOCTH U JaeT HaM YIOOHVIO Mepy ee
KOJIMYECTBA, & UMEHHO €€ OOBEM.».

M nmance, OCHOBBIBAsCH HA CBOWMCTBAX OSTOM THIIOTCTHYCCKOM
JKUAKOCTH, MaKCBET HCHONb3yeT HapaOOTKX MHOTHX aBTOPOB,
CO3IaBIOUX B TO BPEMS HECKOTOPHIC OCHOBBI JIBIDKCHHS HICATHHOU
JKUJKOCTH, CPeAd KOTOPBIX (Bcero ux 24) HYXKHO YIOMSHYTh
I'T'enpmromeua [6], pa3paboTaBineli OCHOBBI TEOPHH BHXPEBOI
KUAKOCTH, a Takke BA. Tomcona [7]. tu npeacTaBieHus MO3BOIUIH
MaxkcBenry — paspabotarb CBOH 3HAMCHUTHIC ypaBHEHUS
3JCKTPOIUHAMUKY, KOTOPBIC SIBHJIUCh TCOPECTUYCCKOM Oas3oi A
CO3JaHWS  PACUCTHBIX  MCTOJOB  BCEX  M3BECTHBIX  CCTOTHSA
3JCKTPUUCCKUX U MATHUTHBIX SIBJICHHA.

OaHaKO HEKOTOPBIC ABTOPBI, CIYCTS HECKOJIBKO ACCATKOB JICT,
oOpaTuin BHHUMAaHUC Ha HEMOTHOTY ypaBHeHHd Makcemna. Tak
H.IT.Kactepun B cBoeit pabore «OO0O00IICHIE OCHOBHBIX YpPaBHCHHUI
adPOAMHAMUKH HAICKTpoanHAMUKm» [19] ykaseiBaet, uto «Cucrema
OCHOBHBIX YPaBHCHHUM 3JCKTPOMArHUTHOro monsd Makceemna,
YCTAHOBJICHHAS 75 JIET TOMY Ha3aa, HCCOMHCHHO, HC B COCTOSTHHH
OOHATh BCC SIBIICHUS 3JCKTPOMArHETH3Ma, W3BECTHBIC B HACTOSINCE
Bpemst. C Haied TOYKM 3pCHUS YPABHEHUS 3ICKTPOMATHUTHOTO OIS
MakcBenia TONbKO Hepable NPUOAUNMCEHUsl, U UX HEAOCTATOYHOCTD B
HACTOSIICEC BPEMS MPOUCXOAUT OT TOTO, YTO TOUHOCTh COBPECMCHHBIX
M3MEPEHUH B JNIEKTPOTEXHUKE HEM3MEPHUMO BO3pOCia IO CPABHEHHUIO
¢ Bpemenammu @apanes, Maxceemna, I'epma co BpemMeHH HX
ycTaHoBiEeHHA. To e caMoe CIpaBemIMBO II0 OTHOIIEHHWIO K
YpaBHEHUSAM TUAPOIUHAMUKH, MaHHBIM 180 mer Hazang JitnepoMm u
(dopManbHO PACHPOCTPAHCHHBIM HAa CIy4Yail JBWIKCHHS Ta30B: OHH
SIBHO HEAOCTATOYHBI JJIS MPCIACTABICHHUS TEX OBICTPBIX IBUKCHHIMA
BO31yXa, C KOTOPBIMHU MMPUXOIUTCS UMETh JCI0 B aBUALIMK, OCOOCHHO
JUTS. BUXPEBBIX ABIDKCHUN. Y paBHECHHS JWUIEpa TAKKE MPEACTABIISIOT
C000¥i TOJIBKO HepBble NPUOTUIHCEHUS.

C >TuM YTBEPKICHUEM HYXKHO COTJIACHUTBCS, MMOCKOJIBKY JIFOOBIC
VPaBHCHHUS OTPAXKAIOT SIBJICHUC BCCrJa NPUOMMKCHHO U HE



24 T'nasa 1.

VUUTBIBAIOT TEX CTOPOH SIBJICHUH, KOTOPhIC HE IMOCTABICHBI UCXOJHOMN
LIEIbIO UCCICTOBAHMIL.

Ha Bo3moxHOCTE MOZemupoBaHHs OCCHUPKYISLUOHHBIX U
LHUPKYJSIIAOHHBIX MOTOKOB JKUAKOCTH oOpatui BHUMaHue B 1969 r.
mpodeccop JleHunrpaackoro mHCTUTYTAa BOAHOrO Tpancmoprta [.A.
PssanoB B cBomx (yHmameHTadbHBIX padorax «OmeiT
MOJCTHPOBAHNE MNPH  HM3YUYCHUH  BJICKTPOMATHUTHOTO  ITOJIS»
(M.Hayxka, 1966) u «97eKTpHUIECKOE MOACTUPOBAHUE C MPUMCHCHUCM
BuxpeBbix mojiei» (M.Hayka, 1969). Takum oOpazom, mpaBomep-
HOCTb HCIONB30BAHH AHAIOTHA MEXKAY SJICKTPOMArHETU3MOM U
TUAPOJVHAMUKON MHUPOKO MOATBEPKAECHA MTPAKTUKOM.

OnHako BCe 3TO Kacaloch MPEACTABICHUN 00 SJCKTPHUUCCKOM U
MArHUTHOM MOJSIX Kak 00 WAeaTbHOW JKUAKOCTHU, T.C. KHIKOCTH HE
BA3KOH W HeCKHMacMOW. OPHUPOJVMHAMUKOW IIOKAa3aHO, YTO
CTPOUTENbHBI MaTepuan 3TUX MONeH — 3QUp HA caMmoM Jere
SIBJISICTCSI TAa30M0J00HON CPEI0ii, CITIOCOOHOM CIKUMATHCS M M3MCHSTh
CBOIO IUIOTHOCTh B IOUPOYAMINHX Mpeenax, 3TO OOCTOATEIbCTBO
MPAaKTUICCKH HUKOTJA W HHKEM He Obuto yureHo. Ho mMmeHHO 31O
MO3BONUJIO OOBSICHUTH CYIMHOCTh JICKTPHUCCKOTO 3apsiiad, YTOUHHTH
SHEPTrEeTHYECKOE COACPIKAHUE IIEKTPUIECKOr0 U MArHUTHOTO MOJEH U
HAMCTUTh HYTH A1 TONYYCHHS SHEPTMH W3 OKPYXKAIOIIEro Hac
MPOCTPAHCTBA.

CospemMeHHas (pU3MKa HA3BIBACT a3 «CKUMACMOH SKHIKOCTBION,
YTO NPHHLUUITHATIBHO HEBEPHO, MOTOMY HTO Ta3 o0lIamact psaoM
CBOWCTB, KOTOPBIMH JKHIKOCTH BOBCE HE 00Jamaer, HampuMep,
HATMYHEM  TOTPAHUYHOTO CJIOS B  TPAJHCHTHBIX  TCUCHUIX,
CHOCOOHOCTBIO BUXPEU CAMOMPOU3BOIBHO aKKyMYIUPOBATh SHEPTHUIO
13 OKPY’KAIOIIEro BUXPh MPOCTPAHCTBA M HEKOTOPBIMH IPYTUMH. JTO
00CTOSTENBCTBO MO3BOMSET, C OJHOM CTOPOHBI, BBUSICHUTH CTPOCHHUE
3JIEKTPUYICCKOr0 U MarHUTHOTO MoNei 0ojiee MOTHO, YeM 3TO MOMHO
caenate Ha Oa3e aHAIOTHMHA C JKHOKOCTBIO, C JPYrodl CTOPOHEI
MpeAcKa3aTh U MPOBEPUTh PsI SBICHUH, OO HACTOSINETO BPEMCHHU
M3YYCHHBIX HEAOCTATOYHO, & C TPEThCH — HAWTH HOBBIC HAIMPABIICHUS
HCCIICIOBAHNUN, HEKOTOPBIE W3 KOTOPBIX, HECOMHEHHO, HMEIOT
MEPCICKTUBY, KaK B HAYYHOM, TaK U B MPUKIATHOM ACTICKTAX.
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1.2. dpmpoanHammueckas CywHOCTb
3r1eKTPUUYECKOro 3apsaaa

Jlo HeoaBHEro BPEMECHH B OICKTPOTEXHUKE HCIIOIb30BAIHCH
abcomrotHas 3nmektpuyeckas cucrema exuuul, CI'CO, abcomrorHas
anekrpomarautHas cuctema eamanny CI'CM, a Ttarke abcomrorHas
l'ayccoBa cumcrema eamHHI, B KOTOPBHIX OCHOBHBIMHU CIUHHIIAMU
SBISUTACh CAHTHMETP, IpaMM H cekyHzaa [25], Ho B cucreme CI'CO
aOCOMIOTHAsT ~ OUIJICKTPUYCCKAas  MPOHHLIACMOCTh  CUHTACTCS
0e3pa3sMEepPHOL U PABHOM CIUHHIIC T BAKYYMa!

& =1;

B cucreme CI'CM aOcomtoTHass MarHUTHAS TPOHULIAEMOCTb CUUTACTCS
Oe3pa3MEepPHOL U PABHOM CIUHHIIC T BAKyyMa.

o =1;

a B layccoBoil cucreme eauHMIl aOCOTIOTHAS MUDICKTPUUYCCKAS WU
MAarHUTHasT  MHPOHHUIIACGMOCTH  CUUTAIOTCS  OC3pa3sMEpHBIMH U
MPUHUMAIOTCS OTHOBPCMCHHO PABHBIMH CAVHUIIC IS BAKyyMa:

€= Mo =1
B pesyapTate omHA W Ta JKE SICKTPUUCCKAS I MAarHUTHAS

BEJIMYMHA OKAa3bIBACTCS MMEIOIIEH pasHyro pa3MepHocTs. Hampumep,
KOITMYECTBO 3JCKTPHUECTBA (SICKTPUYUCCKHHA 3apsi) HMEET pas-

meprocts: 8 CTCD u Fayccosoii cucremax ey —cv ~ r '>¢’'; a
B cucreme equann CTCM — e r'"?; MarnuTHEIA TTOTOK B cHCTEME
eauann CI'CD umeer pasmepHOCTD — em?r!, B CICM wu

v 32 172, -1
I'ayccoBoit cucremax eguHHI] — CM ™~ ‘T *C .

Hanmuuame Tpex mNpakTHUCCKH OJHOBPEMCHHO —JACHCTBYOIIUX
CHUCTEM DIIEKTPUUECKUX M MArHUTHBIX E€IWHUI] BCETJA BBI3BIBAIO
0oJpLINE TPYAHOCTH B pacyueTax, HO IJIABHOH TPYJHOCTBHIO SIBIISIIOCH
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OTCYTCTBHE KAaKOro Obl TO HHU OBLIO (DU3MUCCKOTO CMBICIA B ITHX
CAVHMIAX: KAaK [OHUMAaTh, HAMPUMEP, KOPCHb KBAAPATHBIA U3
rpaMma, Wi CAHTUMETP, BO3BEICHHBIN B CTCIICHb 3/2 ?!

MexayHapoaHast cucTeMa 3JICKTPUYSCKUX U MATHUTHBIX CIUHUIL
MKCA, ocHOBaHHAass Ha TEX K¢ MOPCACTABICHHUSIX, YTO M CHCTEMA
MKC, o eaqunuax Macchl — KUJIOrpaMMe, AJTHHBI — METPE U BPEMCHU
— CEeKyHAE, 100aBUIa K HUM HOBYIO OCHOBHYIO eamHuily — Amrmep. B
cucteme CU npuBeaCHHBIC BBILIC BEIUYUHBI UMCIOT LICTOYUCICHHBIC
CTCTIICHM: KOJMYCCTBO JJICKTPpUYECTBA — A°C; MArHUTHBIM MOTOK —
M3‘KF‘A_1‘C_2, TaK >K€ KaK M BCE OCTaJIbHBIE DJJICKTPUUECKUE U
MaruutHele BemuuuHbl. OgHako HemoctatkoMm cucteMel MKCA mo-
MPEKHEMY  SIBISICTCSL  OTCYTCTBUE (PU3UYCCKOr0 COACPIKAHUS B
MOHSITUH «CHJIA TOKa», a, B CBS3U C OTUM, U B €€ CAUHUIIC «AMIIEp», U
JIa7ee BO BCEX DJICKTPUYCCKUX M MATHUTHBIX BETMYUHAX.

Kpome Toro, B cucreme CHU wumeror mecto Oe3pa3MepHbIC
BEJIMYMHBI, HATIPUMED, paiuaH (pax) A IIOCKOTO yria ¥ CTepainaH
(cp) mast oObeMHOro yria. IJTO OCHOBAaHO HA TOM, YTO paauaH
OMPEACICH KaK OTHOIICHUE AJIUHBI IYTH, U3MEPSIEMON B METpax, K
JUTMHE paguyca, Takke H3MepseMoi B MeTpax (puc. 1.1):

LM

Puc. 1.1. K onpenenenmio pasmepHocreii pammaHa (a) n
crepajuana (6)

Ho 6e3pasmepHbie BenuuuHbl (PU3MUCCKOTO CMBICTIA HE UMCIOT, U
OTOT HCAOCTATOK MOKHO HUCIIPABUTH, OIMUPAACH Ha INPCACTABJICHUIL 06
o0umx (GU3NICCKUX WHBAPHAHTAX, a IMPOIIE FOBOPS, BCIIOMHUB, YTO
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MPOCTPAHCTBO TPEXMEPHO W COKPALIATh Pa3MEPHOCTU (PUBUUCCKHUX
BEJIUYMH, JCKAIMUX B MPOCTPAHCTBE MEPIEHAUKYISIPHO APYT APYTY,
Henb3s. Ha camom geme B pammane ayra, MCUMCIsAeMas B MeETpax,
HNEPHEHANKY/ISIPHA PAaJuyCy, TAKKE UCUUCIIEMOMY B METpPax, U, XOTs
o0c STH BETUYMHBI HCYHCISAIOTCS B OJMHAKOBBIX CAMHHULAX
U3MEPEHUs — METpax, COKpalaTh UX HAa 3TOM OCHOBAHUHU HEJb3S,
CJIE0BATEIbHO, PA3MEPHOCTD paguaHa COCTABUT

[paa] = mi/ Mg. (1.9)

To »ke¢ OTHOCHTCS M K CTCpaauaHy, pa3MCpHOCTh KOTOPOTrO Ha
CaMOM JIeIe COCTABUT:

[cp] = MoMp/MR’ (1.10)

31eCh TAK:KE HEIb3sl COKPAIATh METPHI, CTOSIIIUEC B YUCITUTEIE, C
METpaMHu,  CTOSIIMMU B 3HAMCHATENE,  IMOCKOJABKY  OHHU
MEPICHANKY/ISpHBL 1pyr Apyry. Ho Temepp u pamuaH, U crepaguaH
npuoOpenu ueTkui ¢usnueckuit cmpica. [lpaBaa, mas GolaplIMHCTBA
(u3rUecKUX 33434 J0 CHUX ITOP 3TO HE UMEIO0 OONBIIOTO 3HAUCHUS HO
MMEHHO MOTOMY, YTO OBLT yTPa4YeH (U3MUYCCKUIA CMBICT CAMHX JTHX
3a/1ad4.

Henocratok, CBS3aHHBIN C TOSBJICHUCM B CHCTCMC H3MCPCHUH
Amrmiepa, HE BXOJSIIET0O B COCTaB  BCEOOHIMX  (hHU3UICCKUX
WHBPHAHTOB, TAKXKE MOXHO HCIPABUTh, HO 3[SCh OMUPAsCh Ha
3(pupoIMHAMUYCCKUE MPEACTABACHUS O CYIIHOCTH 3JCKTPHUYCCKOrO
3apsma [26].

ComnocTaBisist YACTbHYIO SHEPTHIO 3JICKTPUICCKOrO OIS ITPOTOHA

&E?
Wep = 00, Jbiem> (1.1)
2

C YACTBHOI SHEpPrueii moToka cTpyu sdupa
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P Vi
We = 00, ks>, (1.2)
2

rae & , /M — audIeKTpUYecKas MPOHUIIAEMOCTh Bakyyma, I, B/m —
HATPSIKEHHOCTh 3IEKTPHUCCKOTrO TOTS, [, KI/M’ — IIIOTHOCT CTPYH
3¢upa, IBIKYIIEHCS CO CKOPOCTBIO Vi, M/C (CKOpOCTH 3dupa BOKPYT
MPOTOHA), MOAYYaEM, YTO, MOCKONBKY IMOKA3aTENU CTEHCHEH & U O,
paBHHI 1, TO

g = 8385107 &M ' =p = 88510 kr'm (1.3)

yTto BmomHe coorBercTByeT Barmsgam  O.@penens  (1823)
MPUMCHHUTEITFHO K TCOPUY HETIOABIKHOTO 3(upa.

Puc.1.2. Lunroctpamus k Teopeme Iaycca

N3 teopemsr Iaycca [27] (puc. 1.2) caeayer, 4To 3ACKTPUUCCKOS
cmemnenue D onpeaensercs kak

q
D=gE=0 , (1.4)
S
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rae ( — ODJICKTPUYCCKUN 3apsia, S — IUIOMAdb IOBEPXHOCTH,
OXBaTHIBAIOLIEH 3apsia, OTKyJa

O Kn=DS=¢gES=0VS =0 V,S, krc . (1.5)

3mecs S = 4nR’, R— pagmyc cdepsl, CKBO3b KOTOPYIO IIPOXOIHT
MOTOK 3JICKTPHUYECKOro cMeteHust D; V, — CkopocTs moToka sdupa Ha
paccrosiHuH R OT LeHTpa mpoToHa.

Ha nosepxnoctu nporona R = R,, T.e. paguycy mporoHa, V, =

Vip — CKOPOCTH KOIBIIEBOIO IBIDKCHHS 3(pHupa Ha HMOBEPXHOCTU
IPOTOHA.
Takum  oOpaszoM,  ompezemsercss — (QU3MYECKUH  CMBICT

3MEKTPUUIECKOTO 3apsiaa:
NeKmpudecKuil 3apsao ecmov WUPKYIAUUS NI1OMHOCHU NOMOKA

KOlblYeBoll CKopocmu 3pupa no éceil NOBEPXHOCMU YACMULbL,

PasmepHocTs snekTprycckoro 3apsaa B cucreme MKC cocrasnsier

[q], Kx (Kymon) = krc . (1.6)

Hcxoas m3 n3nokeHHOro, MOXKET OBITh ONPEAETEHA PA3MEPHOCTb
3neKkTpuaeckoro Toka. [Tockompky

i= oglot, (1.7)

TO Pa3MEPHOCTh 3HAYCHUS CAUHULIBI DICKTPUUCCKOro TOka — Ammepa
OTIPCACTUTCS KaK

[A] =krc . (1.8)

JTO JaeT OCHOBAaHME sl TMEPEBOAA BCEX OAICKTPHYCCKUX U
MarHuTHbIX BenmmuuH u3 cucteMsel MKCA (merp, kuiorpamm,
cekyHma, Awmmep) B Mexanmueckyr cucremy MKC  (merp,
KHJIOTPaMM, CEKYHJA), YTO CYLIECTBEHHO OOJICrYacT MPeACTABICHHUS O
(bU3MUCCKON CYIITHOCTH KA IO U3 HUX.
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1.3. EAMHUUBI 3N1eKTPUYECKNX U MAarHUTHbIX

BenuyuH B cucteme MKC

IlepeBon eaunmiy usmueckux BenuuuH u3 cuctemboi MKCA B
cuctemy MKC oCyIIecTBISCTCS MyTEM 3aMEHBI CIUHUIBI CHJIBI TOKA
Awmriep [A] pazmepHOCTBIO [Kr-c -]

B rtabmuue 1.1 mpuBeaeHBI CAMHULIBI M3MEPCHHUIA OCHOBHBIX
3JCKTPUYCCKUX U MAarHUTHBIX BenuuH B cucteme eanaui] MKC.

Tabauya 1.1
Benmrma HasBanme | O6o3Ha- E mria E mrnia
CIVHAIBL | YeHWe HM3MEpPEHNs U3MEpEeHUst
B MKCA* B MKC
Pabora u sHeprus Jlxoynb Jx ME KT e 2 KT M2-c2
MonrHocTb Batr Bt KT T3 K M3
KomuectBo Kynon K Ac k¢!
3IIEKTPUYECTBA
(3J1eKTpIYeCKUt 3apsi)
Cuta Toka Awmriep A A ke 2
Tlorok anekrpuueckoro | Kyimon K A-c k- ¢!
CMelleHUs] (MHIYKIIUH)
) _ _
OJeKTpuYecKoe Kymon Ha | gopu Acm2 K M2 2
CMeII[eHIe KBaJpaT-
(VMHyKIW) HBIII MeTp
Harmpspxenue, pas- Bombr B A L3 | a2t
HOCTb IIOTEHIHAIIOB,
SIIEKTPOIBYDKYIIAS
cuia
4 _ _

OJEKTPOEMKOCTh ®Dapaja 0] Actwr 2 ! | ko2
OJeKTpUYEeCKUi - K M AcMm krwre !
MOMEHT
BexkTrop nonsprsarmu - K v2 A o2 kv 2l
(TOISIPU30BAHHOCTD)

_ 4 - — _
OJeKTpuyecKast ®Dapaja Ot At a3t | kv 3
[IpoHuIaeMocTh Ha MeTp
HarmpsbxeHHOCTD Bombr Byt kA3 et
SIIEKTPUHUECKOT0 IT0IIS Ha MeTp
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DJeKTpuYecKoe OMm OMm kA2 3 | kv
COIIPOTHBIIEHNE
VYyeneHOE BIeKTpUde- - Om'Mm MIKrA2 3| ke vB 2
CKOE COIIPOTHBIICHUE
VY nenvHas - O~ tar! | AZ3 a3t | k!l w32
SIIEKTpUYeCcKast
IIPOBOJMMOCTD
ToBIKHOCTH HOHOB - B | A2 ! -
MarHuTHSI ITOTOK Beoep Bo6 MEr A2 | a2
MarHuTHas UHTYKITS Tecma Tn xr A2 MB'MC_I
MarHuTHBII MOMEHT - A2 A v2 ko M2 c2
BexTop uHTEHCHBHO- - A! AL ke M2
CTU HaMarHUYEHS
(HaMarHMYEHHOCTH )
WHayKTMBHOCTD 1 T'enpu I'm AT 2 | a2
B3aUMHas
YHJTYKTUBHOCTh
MaruurHas Tlenpu Ha | Tyl MErA2 ¢2 | krlomec?
IIPOHMI[AEMOCTh MeTp
HarpsoxeHHocTh Amriep Ha | Al Ar! KoMl 2
MAarHUTHOL'O ITOJIST MeTp
MarnuroaBrxyIas Awmriep AumwmAB | A Krc2
cuia Wi Am-

IIEPBUTOK
MarnurHoe - A-B6! A2-c2 0 2kT KT M2 ¢ 2
COIIPOTHBIIEHUE ——

Ap-BG!

*Tlo mamaeM CrpaBoYHHKA O (DM3HKE A WHKCHEPOB W CTYICHTOB
By30B. M., Hayka, 1971 [40, c. 892-909].

3aech creayeT oOpaTUTh BHUMAHUE HA HECKOJIBKO MOMCHTOB.

B cucreme MKC  wmarHuTHas ~— MHAYKUOUAS —~— OKa3bIBACTCS
Oe3pa3MEpHOl, €CIM HE YYUTHIBATH TOrO, YTO BEKTOP MArHUTHOU
WHIYKIUNA TICPIICHANKYISAPCH CKOPOCTH €€ pacmpocTpaHcHus. Ecmm
J)KC 9TO YYECTh, TO OKAa3bIBACTCA, YTO MATHUTHAS WHIYKIUSI CCTh
CKOpPOCTh JBMXKCHHS 3(Upa BAOJIb BEKTOPA MATHUTHOW MHAYKUuu B,
OTHECCHHAS K CKOPOCTH €€ PaCIPOCTPAHCHUS, PABHON CKOPOCTH CBETA
¢, MepneHauKy/sipHOH Bektopy B. Ho B 0o0enmx sTHX ckopocTsxX
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MIPUCYTCTBYET BpEMS, BBIPAKEHHOW B CEKyHJaxX. B ormamume ot
TPEXMEPHOTO MPOCTPAHCTBA, BPEMSI OMHOMEPHO, IOTOMY €TI0 MOXHO
COKpATHUTB, U U1 MHAYKIINN OCTAETCS Pa3MEPHOCTh

[B] = Mp/Me. (1.11)

B ormuume ot cymectBytommeii cucremet MKCA, B koTopoit
MMOCTPOCHHUE HATISIIHBIX MOJCNCH 3aTpyAHUTEIbHO, B cucreme MKC
UL BCEX OJICKTPUYCCKMX W MArHUTHBIX BCAMYUH MOSBISICTCS
BO3MOXKHOCTh ~ MEXAHHYECKOrO  MOJCIHUPOBAHUS,  JOCTATOYHO
HACJISJHOTO ISl HOHUMAHUS UX (PU3HUIECKOTO CMBICTA.

Buieoowi

1. TIlpeactaBiacHust 00  DNGKTPUYECCTBE U MarHETHU3ME
COMPOBOXKIAIOT BCIO HCTOPUIO CCTCCTBOZHAHMS C JPEBHEHIIHMX
BPEMCH, HO HACTOSsIIEE pPa3BUTHC Hayka OO0 DSJICKTPUYECCTBE H
3JIEKTPOMATHUTHBIX SBJICHUSAX Hauana pa3BHBAThCS TONBKO ¢ 17 Beka
U TONYYHIa TCOPETHYECKOE W HKCHEPHUMEHTAIBHOC OOOCHOBAaHUE
Tompko B 19 crometmm, KOrja K M3YYEHHIO JJIEKTPOMArHHUTHBIX
SIBIICHUN MOJKIFOYUIOCh MHOXKECTBO E€BPOICHCKHX U aMEPUKAHCKUX
uccnenosarencii. OCHOBHEIM TEOPETHUECKHM TPYAOM, IOIBOISIIIAM
UTOrH JocTUrHyToro siBuics «Tpaktar o0 d3mekTpuuecTBe W
MarHetuamey», paspadorannsiii Jlx.K.MakcBenmaoM u wu3gaHHBIA B
1873 r. IlomyueHHbie peE3yabTaThl, OOOOINAIOLINE TPYABI MHOTHUX
HCCIIEIOBATENCH TOrO BPEMCHH, SBUIIMCH TCOPETHUYCCKOH OCHOBOWM
BCEX W3BECTHBIX HA CErOAHS SJICKTPOMATHUTHBIX SIBICHUH U
MOTYYMIN BCECTOPOHHIOK MPOBEPKY MPAKTHUKOM.

2. C cokaneHHeM CIEIYET OTMETHTh, YTO (PU3UUCCKUE OCHOBBI
TCOPETUUCCKONW 3JIEKTPOTEXHHUKH MOcie paboT MakcBelia HUKaKoro
JANBbHEHIIEr0 Pa3BUTHI HE TMONYYWIH, YTO MPHUBENO, BO-TIEPBBHIX, K
MOTHOMY HEMOHMMAaHHIO (U3UUCCKON CYIDHOCTH  (PHU3UUCCKHUX
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SIBIICHUH, & BO-BTOPBIX, K HE HCIIOIb30BAHUIO B MPUKIATHBIX LETIX
MHOTHX PEabHO CYLIECTBYIOIIUX JJICKTPOMATHUTHBIX SIBICHHH.

3. IlpeacrasieHust 0 ra3onogo0HOM 3dupe — QU3HUECKO cpeae,
3aMONMHSIOICH BCE MHPOBOC MPOCTPAHCTBO U SIBISTIOLICHCS
CTPOUTENBHBIM  MATEpUANIOM AT BCEX  0€3  HCKITIOUCHUS
MaTepHaIbHbIX 00pa30BaHMi, BKIIOUAs U BCE BHIBI BELICCTBA U BCE
BHIbl CHJOBBIX TMOJCH, TO3BOMIIM ONPEACIUTh  CYIIHOCTb
SJCKTPUYECKOrO 3apsiia M Ha 93TOH OCHOBE mpeoOpaszoBaTth
3JCKTPOMArHUTHYI0 4acTh cuctembl m3mepenmit CU — MKCA B
cucremy MKC, HOCAIy0 YHCTO MEXaHUYCCKHI Xapaktep. ITO
co3maer BO3MOKHOCTb JUTSL MPEICTABICHUS Tro0oi
SJCKTPOMEXAHWYECCKOH BENMMYMHBI B BUAC TEX WIH HUHBIX (opMm
JBYOKCHHS 3Upa, YTO MO3BOJISIET YACHUTD UX (H3UUCCKHI CMBICI.
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Mnaea 2. 3cdmpoanHammueckas CywHOCTb
3aneKkTpomMarHeTmima

2.1. CTpyKTypa CBOOOOHOrO 3reKTpoHa

Ecnu mpucoe tnHEHHBIH K SAPY TOPONAATILHBIA BUHTOBOW BHXPh —
SJICKTPOHHYIO OOOJOYKY — OTOpBaTh OT sapa, TO OOpa3oBaBIUUICS
CaMOCTOSITCIBHBIA TOpOHJ OYAET CKAT JABICHUCM OKPYIKAIOLIETO
3¢upa u oOpasyercst CBOOOJHBIN 3ICKTPOH.

Ha snemeHT mMOBEepXHOCTH BHOBb 0OPa30BaHHOTO TOPOUAATIBHOTO
BHHTOBOT'O BUXPS — 3JIEKTPOHA — AEHCTBYET Pa3HOCTh CIUII: C BHEITHEH
CTOPOHBI JCHCTBYET AaBicHUE cBOOOTHOro 3¢dupa, ¢ BHYTpCHHEH —
CyMMa CHJI BHYTPEHHETO AABIIEHUS, KOTOPOE CYIIECTBEHHO MEHBINE
BHCINHETO [JABICHUS, IOCKONBKY BPAINCHUEM Tra3 OTOpPOLICH U3
LCHTPAIbHOM 00/1aCTH Ha HEPUGCPUIO BUXPS, U LICHTPOOCIKHOMN CHIIHI.
Takas cumcrema HEyCTOHYMBA M HAYMHACT CaMOIIPOM3BOJIBHO
CKHMAThCS, TIOCKOJIBKY B MEKATOMHOH OOIACTH CKOPOCTH TCUCHUS
3(upa MEHBIIE, YeM B JICKTPOHHBIX 00OJIOYKAX aTOMa, TPaIUCHTHI
CKOpOCTEH MEHBIIE, CIICIOBATEIBHO, AaBlICHUE d(hUpa 34eCh BHILIC.

Hns  cBOOOAHOrO BHUXpPS JODKEH  COXPAHHUTBCS  MOMCHT
KOJIMYECTBA MABIDKEHHS H Y TOPOMJATBHOTO, M V KOJBIIEBOTO
BpaIIEHUs, 4YTO TPH CKATHH TIPUBEAET K CaMONPOH3BOIBHOMY
BO3PACTAHUIO U JIMHCHHOW, W YIJIOBOW CKOPOCTH OOOUX IBHKCHHIMA,
HNpUYeM JIHHEHHONM CKOPOCTH IPONOPLHOHATIBHO IEPBOU CTEIECHU
cxaTtws, a yrioBod — B kBaxgpare. llpomecc camonpon3BoiIbHOTO
CXKAaTHsl Ta30BOTO BHXPS M JDHEPTETHUECKHE COOTHOIIEHHS 3TOTO
MpoLecca OB PACCMOTPCHBI BHIIIIC.

Cxatne BHXpS M BO3pacTaHWE CKOPOCTH BpamieHus OyayT
MPOAOJDKATECSA A0 TEX IOpP, MOKA IUIOTHOCTh BUXPS HE BO3PACTET IO
HEKOTOPOI KPUTHYECKON BETUYUHBI, OPEAIONIOKUTEIBHO TON XK€, UTO
U y OpOTOHA, T.€. OO BEIMYMHBI MOpPsIKa 10"-10" kr/m’. B
pe3ynbTaTe MOTYYUBLICECS BUXPEBOC BHHTOBOE KONBLIO IMPUOOpETET
pasMepsl, CYIIECTBCHHO MEHBIIHE, Y€M OBITH Y HCXOZHOTO BHXSL.
10 1 OyAeT CBOOOAHBIH 3JICKTPOH.



D(dpupoaHmHAMIYECKAA CYITHOCTH 3JICKTPOMATHETU3MA 35

Takum o00Opa3oM, CBOOOAHBIN 3JCKTPOH MPEACTABISCT COOOI
BHHTOBOC BUXPEBOC KOJBIO CxkaToro s¢upa (puc. 2.1), B KoTOpoM
3HaK BUHTOBOI'O ABMXKCHUA, T.C. OPUCHTALUA KOJBLICBOIO ABUKCHUSA
OTHOCHTCIBHO TOPOMAATBHOTO, MPOTHBOIOIOCH 3HAKY BHHTOBOTO
JOBIKCHUS d(hHUpa B TCIC MPOTOHA, HO  KOJMYCCTBO KOIBICBOTO
JIBIDKCHUSE TO sk¢ camoe. CrieaoBaTeibHO, OH HECET B ceOe 3apsia Toi
JKC BC/IMYUHBI, YTO U IPOTOH, HO 3HaK 3apdaa HC HOHO)KHTGHLHLIﬁ,
KaK y MMPOTOHA, a OTPULIATEIbHBIN.

a) 6)

Puc. 2.1. CTpykTypa CBOGOJAHOrO JJIeKTPOHA: a — B MeTale; 6 — B
CBOGOIHOM IIPOCTPAHCTBE

Hammune KOJIBIICBOTO ABMKCHUSA Yy JJICKTPOHA MOATBCPIKAACTCH
TEM, YTO Yy OBJCKTpOHa OOHAPY)KEH CIHH — MOMCHT KOJHMYECTBA
BpAIATEIBHOTO ABMKCHUSI, PABHBIN Y2 B ¢auHunax /. I 1aBHOH OChrO
3NEKTPOHA SIBJISCTCS OCh KOJBLIEBOI'O BPALICHUSI.

Ecnu y anexktpona B cBoOOIHOM 3dHpe Ta JKe MIOTHOCTD, YTO H Y
MPOTOHA, TO PAAMYCHI 3JCKTPOHA M MPOTOHA OTHOCSATCS APYT JPYTY,
KaK KOpeHb KYOW4eCKUH U3 OTHOLICHUS UX Macc, T.C.

r/rp=(Mm/my)"” = (9.1.107"/1,67.10~)'"* = 0,082 (2.1)
", CJICAOBATC/IBHO, paanyC CBO6OL[HOFO OJICKTPOHA COCTAaBUT:
re=0,082r,=0,082.1,12.10° =9.107" m. (2.2)

ITmomane MOBEPXHOCTH JACKTPOHA COCTABUT
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Sno. =4nr =41 (9.1077) 2 =1,1.107" v, (2.3)
a BCIIM4YrHa KOJ‘ILLIGBOﬁ CKOPOCTH OIIPCACINUTCS U3 BCINYUHDBI 3apsia

e=pvS=1,6.10" Kn (2.4)
OTKyJa

Ve =€epS =1,6.1079/8,85.107. 1,1.107" =1,64.10* m.c™".(2.5)
3HaueHue OUPKYJISIANA KOJIBLICBOI CKOPOCTH OIIPCACIUTCS KakK

(circ). = 27 rVi= 2m.9.107"7.1,64.10* = 9, 27.10° m*.c”"'
(2.6)

HJ‘IOH.IaL[L KC MOMICPCUYHOT0 CCUCHUS 3JICKTPOHA COCTABUT
Scer. =7l =1 (9.1077) > =2,75.107m 2 (2.7)

IIpencraBieHne 00 DSICKTPOHE Kak O BUXPEBOM KOJIBIE C
MEPEMEHHBIM ~ paguycoM Obio BBeAcHO B.d.Mutkesuuem [36, 37].
OCHOBHBIM  BO3PKCHHEM MNPOTHB Moaenn MurkeBndya  OBIIO
VIBEP)KIACHUE, YTO 3aps] M MArHUTHBIA MOMCHT 3JICKTPOHA
chepuueckn cummetpuunbl. OmHako mocneayiomupe paborel By u
HEKOTOPBIX JPYTUX (U3HKOB IMOKA3alld, YTO BIEKTPOH BeXeT ceOs
MOJOOHO BpALIAOIEMYCS BHXPEBOMY KOIBLY, CIUH KOTOPOrO
HAMpAaBJICH BAOIb OCH €ro IBIKCHUS. DTOT (PaKT CHUMACT YKa3aHHBIC
BO3PAXKCHUSI.

Kak wu3BecTHO, 37CKTPOH 00magacT COOCTBEHHON JHEPrucH,
paBHOM

E=hv=mc, (2.8)

" CIIMHOM — MCXaHUYICCKUM MOMCHTOM BpaliCHUA
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s=%h=mry =’ =% (2.9)

Crun OTpa>kaCT TOJIBKO MCXAHHYCCKUM MOMCHT BpalCHUuA
KOJBIICBOI'O0 ABMIXKCHUA, B TO BPCMA KaK JSHCPIrusad — TMOJHYIO
BHYTPCHHIOIO JHCPIUIO 3JICKTPOHA, YUUTBIBAIOIIYIO KaK KOJIbLCBOC,
TaK U TOPONAAJIBbHOC ABUXKCHUC. I[J'IH KOJBLCBOT O ABMOKCHUA

E. = Jw./2. (2.10)

Eciu B cooTBeTCTBHU C MNPUHITUIIOM Makcseiia OHCpruu 110
CTCIICHSIM CBO6OI[LI pacopcacisaroTCa paBHOMCPHO, TO

E =E; 2.1
U, MO KpalHEW Mepe, Il MEPBOro Ciaydas — CYyILIECTBOBAHUSA
SJEKTPOHa B CBOOOZHOM 53¢Upe — MOXKHO MpeArnoiaraTb, YTO

JVHEIHBIC CKOPOCTU KOMBLIEBOTO M TOPOHIATBHOTO ABIKCHUH 3(dupa
Ha TOBCPXHOCTH 3JCKTPOHA pPAaBHBI M, CJICAOBATCIBHO, YACTHIIBI
3(upa B TN ACKTPOHA ABMKYTCS MO BUHTOBOH JIMHUU ¢ HAKJIOHOM
BHHTA OKOJO 45°.

Ecnu snextpoH momajgaer B 007acTh, IAE CYLICCTBYIOT KaKHe-
b0 TmoTokM 3dupa, TO, TOCKONBKY TPaiUCHT CKOPOCTEH
VBEIMYIHMBACTCS, AABJICHHEC HAa MOBCPXHOCTH JJICKTPOHA MAJacT, W
BUXPEBOE KOJIBLO YBEIMYMBACTCS B pa3Mepax.

Hy)KHO OTMCTUTD, YTO BHYTPHU MCTAJIJIOB 3JICKTPOHBI HC HAXOASATCA
B artMmocepe cBobomHoro sdupa. Tam CymEcTBYIOT W JApyrue
OPUCOCANHCHHBIC BUXpPU, KOTOPBIC MOKHO YCJIOBHO Ha3BaTh
obonoukamu  BaHn-mep-Baameca um koToprle  oOecmedHMBarOT
MEKATOMHBIC CBSI3M HE XUMUYECCKOW (HE JJICKTPOHHOH) MPHUPOJIBL.
JIEKTPOH, HAXOMSIIUNCSI BHYTPH TAKUX BUXPEH, OyICT HCIBITHIBATH
JaBJICHHE MEHBIICE, 4YeM B cBOOOTHOM 3(dupe u ero pa3mepsl OyayT
CYILECTBEHHO Oonpiunmu. Majo Toro, mepeMemasch B MPOCTPAHCTBE
MEXIY aTOMaMH METaJIa, JICKTPOH BCE BPEMs MEPEXOAUT M3 OXHOMN
0071acTH BaH-ACP-BaaIbCOBOI 0OOTOUKH B APYTYIO, CKOPOCTH ITOTOKOB
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3(pupa U TpaauCHTHI CKOPOCTEH B HHUX Pa3NUYHBI, CICJOBATCIBHO, W
JABJICHUSI B HUX PAa3IM4YHBI, IO3TOMY 3JIEKTPOH HE MOXKET COXPAHSATh
CBOM pa3Mepbl HEU3MEHHBIMHU, OHU BCE BPEMS MEHSIOTCS, PagUycC
KOJbLIA DJIEKTPOHA HE SBJSIETCA IIOCTOSHHBIM M MCEHSETCI B
3aBHCHUMOCTH OT BHEIIHUX (PaKkTOPOB.

2.2. dusnyeckas CywHOCTb 3SIEKTPUYECKOro nons

Kak ObLTO MOKa3aHO BHINIC, MPU COSAUHCHUU IOTOKOB 3(upa,
COCTABISIIOLIMX BJICKTPOHHBIC OOOIOYKH aTOMOB METalia, B OOLIVIO
CTPYKTYPY 4YacThb 3aBHHTOBAaHHOTO W VIUIOTHEHHOro 3dupa B
CTPYKTYPE 3TUX 00070UEK OKA3BIBACTCS IUIIHEH 1 BHIOPACEIBACTCS BO
BHEINHEE MPOCTPaHCcTBO. BUHTOBAs CTpyiika HE MOXKET COXPAHSTHCS B
TAKOM BHUJAC, HOO OAMH KOHEL, OBIDKYLIHICS BIEpPEl, MPEICTABISCT
co00%i MCTOK ra3a, a MPOTHUBOIIOIOKHBIA €€ KOHEIL[ — CTOK. [lepenuuii
KOHEL CTPYHKHU 00s13aTENbHO JODKEH 3aMKHYTBCS Ha 3aJHUI KOHELI, B
pesyapTaTe uero oOpa3yercs HOBBI BHUHTOBOH Topoug sdupa
HEOONBIIION MacChl — CBOOOAHBIN 3ACKTPOH. B mpuHmumne, wucio
TAaKUX 3JCKTPOHOB B METAIUIC JOJDKHO OBITh MOYTH PABHO YHCIY
aToMmoB, T.¢. mopsiaka 10”M ) mockomeKy mpu 06pazoBaHMH JOMCHOB
— XHMHUYCCKH COCAWHEHHBIX TPYII aTOMOB KXKABIA  aToM
BBIOPACHIBACT NPU COCAMHCHHUM B OOLIYIO CTPYKTYPY CTPYHKY 3¢wupa,
00pa3yroLyr0 CBOOOAHBIH IJICKTPOH.

OmnwucanHbiil MexaHn3M (QOPMHUPOBAHUSI CBOOOIHBIX 3JICKTPOHOB B
KPUCTAJIC METajyla BBI3BAH MCPECTPOMKON BHEIIHEH 00O0I0YKH
aTOMOB METAJIJIOB B CBSI3U C 00pa30BaHUEM OOIICH KPUCTATNYICCKOM
pemerkn. OObeAMHEHHE BHEITHUX MPUCOCAMHCHHBIX BUXPEH aTOMOB
B CAMHYIO CTPYKTYPY JODKHO TWPHUBOIUTh K BBICBOOOXKIACHHUIO
CBOOOJHBIX BUXPEH - BJICKTPOHOB, KOTOPHIC HAYUHAIOT OITYKIATh IO
KPHUCTATY B BHJEC TaK HA3bIBAEMOTO <AIEKTPOHHOro rasza». Heuro
aHAIOTHYHOE 00HapyKEeHO aBTOPOM u MOATBEPKICHO
SKCIEPHUMEHTAIBHO B KOBAJICHTHBIX PCAKLUSAX, MPH KOTOPBIX KaXaast
mapa  B3aWMOJCHCTBYIOIIMX  MOJICKYJ — BBICBOOOXKIACT  4YaCTh
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3aBHHTOBAHHOTO YIUIOTHCHHOTO 3(upa, KOTOPBIH TyT ke oOpasyer
TOPOUIATbHBIN BUXPH 3dupa.

Ilo ompexcncHUIO HAMPSKCHHOCTH JJICKTPUUICCKOTO MO CCTh
culia, JEMCTBYIOIIAS HA EAMHUYHBIN 3JIEKTPUUCCKUM 3apsil, TaK 4TO

F
E= 0O0O. (2.12)

OnHako Besikast CHIa MOXKET BO3HHMKATh B PE3YJIbTATE MOSBICHUS
rpaiucHTa AABICHUS, KOTOPOE, B CBOI OYEpPEAb, MOXKET BO3HUKAThH
KaKk pe3yibTaT TIpagueHTa CKOPOCTEH MOTOKOB 3dupa B
3JIEKTPUYECKOM IOJIE U HA TIOBEPXHOCTU B3aUMOJCHCTBYIOMIEH ¢ HUM
YacTULBl. YYHUTHIBAas TONCPCYHBIA XapakTep PacHpOCTPaHCHUS
BEKTOPA 3JCKTPUYCCKON HAMPSDKEHHOCTH, CICAYET IMONAarath, YTO BO
B3aMMOJCUCTBHH SICKTPUIECCKOrO MO M YACTHULBI YYACTBYET MOTOK
5¢upa, HampaBICHHBII HE B HANpPaBICHHM 4YacTULB, a B
MEPIICHAUKYISPHOM HAIMpaBICHUU. B 3TOM ciay4yae HOpOUCXOTUT
B3aMMOJCHCTBHCE 3a CUCT TPaJHCHTOB CKOPOCTCH, BEKTOpP KOTOPOroO
HATPAaBJICH B CTOPOHY YaCTHLBL. Takoe B3aUMOACHCTBHE BO3ZMOXKHO B
TOM CIy4ae, €CIH B CAMOH CTPYKTYpE OIJICKTPUUYECCKOTO OIS
CYLIECTBYET HE TOJBKO MPOXOIBHOE, HO M TMOMEPECYHOE TCUCHHUE
3¢upa.

[Ipy mosBNEHMM Ha MOBEPXHOCTH BJICKTPOAA SIICKTPUUCCKOTO
3apsga, T.6. NPU BBIXOJE HA €ro IMOBEPXHOCTh JJICKTPOHOB B
OKPECTHOCTSIX 3JIEKTPOJA YCTAHABIMBACTCS IICKTPHUCCKOE TOJNE.

U3 puc. 2.2 BHAHO, 9YTO IPHU BBIXOJE HA IOBEPXHOCTH JJIEKTPOIA
BHHTOBBIX BHXPCBBIX TOPOUAOB — JICKTPOHOB WM MPOTOHOB OHHU
CO3JAIOT B MPOCTPAHCTBE BHE DJICKTPOJOB BHHTOBBIC BUXPEBBIC
TpyOKHu ABmkyierocs 3¢upa. B Buxpesoii TpyOke, 0Opa3oBaHHOI B
CpeAe BUHTOBBIM TOPOUJAIBHBIM KOIBLIOM, MOTOKU 3(Hpa JBHKYTCS
HE TOJBKO MO KOJBLY B IIOCKOCTH, MEPIICHOUKYISIPHONU OCH TPyOKH,
HO W mapamneiabHo 3Tod ocu. Ilpm sToM B IeHTpanbHOH wacTu
BHUXPEBOH TpyOKkH 3(up IOBIDKETCS OT BHHTOBOTO TOPOHIA, a IO
nepudepur - K BUHTOBOMY TOPOHIY, TaK YTO OOLIEEC KOJTHYECTBO
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MOCTYNATEIBHOrO OBYOKEHHS 3(Upa BAONP TPYOKH B CPeOHEM PAaBHO
Hymo. Takoe IOCTYNaTeNbHOE ABIKEHUE HMEET OONBIIOE 3HAUCHHE,
MOCKOITBKY, OYIy4H pa3HbIM MO BEIUYHMHE M HANPABJICHUIO HA PA3HBIX
PaccTOSHUAX OT OCH TPYOKH, 3TO ABIDKCHHE CO3MACT Pa3IUYHBIC
3HAYCHUS BHUHTOBOrO (hakropa, MPUHYEM IO OCH TPYOKH BHHTOBOE
JBWDKCHHE UMCEET OJUH 3HAK, a MO NepU(EepHH — IPOTHBOMONIOKHBIN
(puc. 2.2).

Puc. 2.2.BuxpeBoe moJie, co31aBaeMoe BHHTOBbIMI BUXPEBBHIMI TOPOIIAMH
(as1eKTpIYecKoe MoJIe)

Kax nokazano B paborax [40, 41], cyMMHpOBaThCs MOTYT JIMIIb
BHHTOBBIC TIOTOKH, Y KOTOPBIX BHHTOBOU (DaKTOp MOCTOSHEH U
OJMHAKOB IO BCEU JUIMHE BUXPs. Takoe BUHTOBOE IBIKECHUC JOIKHO
VIOBICTBOPSTH YPABHCHUIO

rot V=21V, (2.13)
w Wy y w; A
v_ B Vi B v, B v, B r_ ’
MIPH 3TOM

vgrad A/ r = const. (2.14)
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Huvero monoGHOro Amsi BHXPEBBIX TPYOOK 3ICKTPUUCCKOU
WHAYKIWH HET, CJICOOBATEIbHO, CYMMHPOBATBCS HOTOKH OTHX
BHUXPEBBIX TPYOOK HE MOTLYT, a MOTYT JHIIb pPa3BUBaThCS B
MPOXOTBPHOM HANPaBICHHH, CKOIB3sl MO MOBEPXHOCTH APYT APYra, u
CMELIAThCSl B IMONCPEYHOM HAIPABICHUHU MO AABICHHEM COCEIHHX
BHUXPEBBIX TPYOOK.

Takum o00pa3oM, CHJIOBBIC IHUHHHM SJICKTPUYECKOrO OIS —
3JEKTpUICeCKass MHAYKIUS — CYIIECTBYIOT KaK OTHCIbHBIC BHXPCBBIC
TpyOku («tpyOkm Papanes»), OZHAKO BIECKTPUUCCKOH WHIYKLMH
COOTBETCTBYET HE BCE 3TO MABIIKCHHE, a TOIBKO C€rO KOJbLICBAS
COCTaBJISIIOLIAS.

dnekmpuueckoe noie — MO  COBOKYRHOCMb  GUHMIOBHIX
suxpesvlx mpyook rpupa («mpyoox @apades») ¢ nepemeHHbIM O
ceyeHu0 GUHMOBHIM (PAKMOPOM.

VHTCHCHUBHOCTD  SJCKTPUYECKOTO TMOMS  ONPEICIseTCS  €ro
HANPSDKEHHOCTBIO, T.€. YHCIOM TPYOOK, MPUXOISAIIUXCS HA CAUHULY
IUIOIAAN TIOTIEPEYHOrO0 CEUYCHUSI MPOBOJHHMKA, M COOTBETCTBCHHO
CCUCHHMEM  KXKIAOH TpyOKu: YeM  BBIIIC  HANPSDKCHHOCTD
3JEKTPUICCKOrO MO, TEM OONbIIee YUCIO TPYOOK MPUXOJUTCS HA
CAVHULY IIIOMATH W TEM MEHbIIE OyAET ceueHUE KaKIOH TpyOKw,
YTO HAXOAUTCS B MOTHOM COOTBETCTBHHM C TCOPHEH ra30BBIX BUXPEH.
J7st ra30BOro BUXpS MPH MOCTOSHCTBE LUPKY/SILMH ra3a BAOTIb BUXPS
HANPSDKCHHOCTh M JIMHCIHHAST CKOPOCTh BPAIUCHHS TEM OONbLIe, YeM
MEHBIIIE E€r0 CCUCHHCE.

Jnst oIMHOYHOTO 3apsaa MOMHBII YToll, 3aHUMACMBIA KOJBIICBBHIM
JBWDKCHHEM, COCTaBISICT 47, CIEIOBATEIbHO, Xt N TPYOOK yrou,
3aHUMACMBIN KKION M3 HUX, COCTABIISCT

0 =4mn, (2.15)

MpH 3TOM AN KaXIoW TPYOKH B COOTBETCTBHH C TEOpPEMaMH
I'erpmrompiia Ha BCEM €€ NPOTSDKEHWH COXPAHSIOTCS IS KaKIOH
3JIEMEHTAPHOU  CTPYMKHU LUPKYJISALUS U MOMEHT KONIH4YECTBA
JBIDKCHHSL:



42 T'i1aBa 2.

I'=2narv; L=mvr=const. (2.16)

Kak Obit0 mOKa3aHO BHINIC, BEAMYMHA OJMHOYHOTO 3apsia
OTIPEICIIACTCS KaK

e=pVe S

ITockompky TOpPOMAANBHOE JBIDKEHHE PA3MBIBAET KOJIBIIEBOE
JBIDKGHHE 1O Bcel cdepe mMpocTpaHCTBA, MAcCOBBIA  MOTOK
KOITBLICBOTO IBIIKCHUS uepe3 cepy OnpeaeIuTces: U3 BEIPAKCHUS

{ psVi dS = nav. S, (2.17)
niin
| DdS=q, (2.18)

rae g — Bech 3apsii, Haxomsmuiics BHYTpH cdepsl; D = p,V, — motok
KOJBLICBOM CKOPOCTH IUIOTHOCTH d¢upa, WIA, HWHAYE, MOTOK
3nekTpudeckoil MHAyKIWU. IloxydeHHOE BBIpa’k€HHE COOTBETCTBYET
teopeme ["aycca.

HpOLICCC BO3HUKHOBCHUS J3JICKTPUYUCCKOIO IOJIA IMPU MOABJIICHUN
Ha MOBCPXHOCTU JJICKTPOAA YIIOPAAOUYCHHBIX 3apsA0B 3aKIHOYaACTCA B
TOM, 9YTO BHUXPEBOC [JBIDKCHHC KAKIAOH TPYOKHM HAYHUHACT
pacnpoctpaHsTbes BIoab ocu TpyOku. Ilpu stom Ha Topue TpyOku
JBIDKCHHE B(Hpa JIEKAT B IUIOCKOCTH, TNEPICHAUKYISPHOU OCH
TPYOKH, M IO3TOMY CKOPOCTb PACIPOCTPAHEHUS JJICKTPHIECKOrO
MO B BAKYYME paBHA CKOPOCTH BTOPOTO 3BYKa B 3(HPE — CKOPOCTH
pacmpoCTpaHCHUSI  IMOMEPEYHOrO0  JBIDKCHMsS,  OOCCIICUHBACMO
BA3KOCTBIO 3¢dupa, 3T0 U ecTth ckopocTh cBera. (CKOpocTh
pacIpoCTpaHEHHsT 3IEKTPUYECKOrO IMOII B KAaKOM-THOO MaTepHaie
Menb1ne B K, pas,
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Ky = Vpulps, 2.19)
rae  py — IUIOTHOCTE 3(dupa, BOBJICKAEMOTO B  JBIDKCHHUC
ANIEKTPUYECKOrO MO B Marepuane; p, — IUIOTHOCTh 3dupa B
CBOOOIHOM MPOCTPAHCTBE.

B ontudeckux cpemax K, = N, T.e. paBHO MOKa3aTEIIO

mpeaomiacHus. OQOBIYHO TMOKA3aTEIb MPEIOMIICHUS HAXOAWTCS B
mpeaenax 1,4-1,6, mostomy IUIOTHOCTE 3(upa, BOBJICKACMOro B
JBIDKCHHUC B DJICKTPHUYCCKOM MOJjI€, OOJIbINE IIOTHOCTH CBOOOIHOTO
s¢upa Beero B 2-2,5 pasa, T. €. COCTAaBIsIeT BenuunHy okoxo 2:107"
KM

ComocraBiiss €€ ¢ MacCOBOM TIUIOTHOCTHIO TEX HKE ONTHUCCKUX
CTEKON, COCTABIAIOMCH BenmuuHy mopsaka (2,65-3)10° krm™ |
BUAUM, UYTO B ABMXKCHHUC B JJICKTPUYICCKOM IT0JIC BOBJICKACTCS BEChbMa
neGonmpmas gacte >¢upa, mopsaka 107 or Beeir maccsr s¢wupa,
oOpasyrouieit marepuan. B meramnax, BO3MOXKHO, 3Ta A0 OOIbIIIE.

2.3. dusnyeckKas CywHOCTb 3r1IeKTPUUYECKOro Toka B
MeTanne

IMpu OTCYTCTBHMM 3JCKTPHUUCCKOrO MOJNSI 3JICKTPOHBI B METAILIC
COBEPINAIOT XAOTHYECKOEC TEIUIOBOC JABIJKCHHE M HUMCIOT B
MPOCTPAHCTBE XAOTHYCCKYIO, T. €. PABHOMEPHO pACIPEIACICHHYIO
OPHCHTALHIO.

HOI[ ﬂCﬁCTBHGM QJICKTPUYICCKOr'0o oA XaOTHYCCKOC ABMMKCHUC
SNICKTPOHOB B MPOBOAHUKE HECKOIBKO YIOPSJOYMBACTCSI. ITO
YHOOPAAOUYCHUC TMPOABIIAACTCSA OABOSAKO: BO-TICPBBIX, JJICKTPOHBI BO
BpeMsi CBOOOJHOro mpoOera HAaYMHAKT OPUCHTHUPOBATHCS O OO, T.
€. HAIMPABIICHUE UX OCCH MproOpeTacT OOIIYI0 COCTABIISIONLYEO BIOIb
HarpaBJICHUA SJICKTPUICCKOTO T10JIA, BO-BTOPBIX, SJICKTPOHBI
MPUOOPETAIOT HEKOTOPOE YCKOPCHHUE B OOIIEM HANpaBACHUU BIOJb
nojd, yBCIUYHUBAsA CKOPOCTh WU TCM CaMbIM CBOKO KHHCTHUYCCKYIO
sHepruro. [loaToMy, HECMOTPSI HA TO YTO COYAAPCHHS JICKTPOHOB C
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OJICKTPOHHBIMHM ~ 00OJIOYKAMM  aTOMOB MPOBOJHWKA WX BHOBb
JC30PHUCHTHPYET, B LIETOM 00pa3yeTcst MOTOK 3JICKTPOHOB, HMMECIOIINX
y)KE  HEKOTOPYIO  OOLIYIO  OPHUCHTALMIO 10  HAIMPaBJICHUIO
3JCKTPUIECKOro mojst (puc. 2.3).

OTa OpHEHTALMSA DJICKTPOHAMH TEPSIETCS IMOCIE  Ka)XIO0ro
COYAapCHUsI C TIOBEPXHOCTIMH MOJICKYJI METaJIa, HO 3aTEM YaCTHIHO
BOCCTAHABIIMBACTCS 3a BpeMs mpoOera MeXIy coygapeHusMa. B
pe3yabTaTe B CPEAHEM BCS COBOKYITHOCTH JJICKTPOHOB B METAILIC
CMEINACTCSl BAONb OCH TMPOBOAHUKA M, KPOME TOrO, OKAa3bIBACTCS
Pa3BEPHYTOM MOA HEKOTOPBIM OOIIUM  yIJIOM  OTHOCHTEIBHO
IJTOCKOCTH, TEPIICHOUKYISIPHON OCHM MPOBOAHMKA. Benmmdannaa 3TOTO
yIriia MOKET OBITh OMPEACTICHA MUCXOAS U3 OCOOCHHOCTEH CTPYKTYPBI
MAarHmuTHOI' O T10J141, BO3HUKAKOLICTO BOKpPYT OpoOBOAHUKA IIPU
MTPOXOKICHUY TI0 HEMY DJICKTPUUYCCKOrO TOKA.

Puc. 2.3. OpunentnpoBanme CHIHOB  JJEKTPOHOB  BJI0JIb
JIEKTPHIECKOTO TOJISI.

Benauunna TOKa, MPOTCKAIOIICTO 1O MPOBOAHUKY, COCTABUT

| =eNSy, = edn/dt = dqg/dt, (2.20)
rac e — 3apsd DJEKTPOHA, PaBHBIN 1,6:107" Kx; N — umcmo
SJCKTPOHOB B CIAWHHLE OObEMa MPOBOIHUKA; S — CCUCHHUC

IPOBOAHUKA; Vg — CKOPOCTh CMEINEHMS 3JIEKTPOHOB BJIOIb OCH
MMPOBOJHUKA; N —YHCIIO IEKTPOHOB B 3apsiae (], MPOTEKAOLINX Yepe3
CCUCHHC MPOBOJHUKA.
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CkopocTh MEPEMEMEHUS 3IEKTPOHOB Vn, BIOIb IIPOBOJA
CEUECHUEM S, OIIPEAEITUTCS BEIPAKCHUEM

I
Vip = 2.21)

eN§g,

Ecnmu monarate, 4to uncno 371ekTpoHOB N B MPOBOAHHMKE PaBHO
YHCTY aTOMOB METaxja, TO TOrAa B €IUHHLE OOBbEMa COACPIKUTCS
TopsIKa 10°° w3 3JICKTPOHOB, CICIOBATCIBFHO, CPCIHEE PACCTOSIHIC
MOKIY JJCKTpoHamMu coctaBisier d = 107" M n MpU CEUYECHUU
npoBOAHUKA B Sjp =1 MM2 MMOJIy4uM, 4UTO B €ro NOICPCUYHOM CCUCHUU

comepsxutcst Ny = 10'*  371eKTPOHOB, UTO COOTBETCTBYET 3apsmy
O =nce=10"1,6-10"" =1,6:10" Kx. (2.22)

IIpu Toxke 1A depe3 momepeyHOE ceuCHHE NPOBOAHHMKA B 1c
JommkeH mpoittm 3apsx B 1 Kn, ciaemoBaTenbHO, MOMKHO MPOUTH
6,25'104 3apsamoB (;. YUHTHIBAs, YTO CPEIHEC PACCTOSHHUC MCKIY
smekTposamu  cocrasmser 1070 M, mOTydaeM CpEIHIOIO CKOPOCTH
MEPEMELICHUS 3IIEKTPOHOB BIONb MPOBOAHUKA

Ve, =d 0, = 107'%6,25-10* = 6,25:10° m/c = 6,25 mxm/c. (2.23)

HanpsokeHHOCTE  3ACKTpHUeckoro mnoiast FE ectb  cuia,
JEHCTBYIOIAsT HA CAMHWYHBIA djckrpuucckuii  3apsa.  Cuna,
JCHCTBYIOINAS HA 3JICKTPOH, OMPEACIUTCSA Kak mpomsseacuue Fe, rae
e — zapsax onektpoHa. Ilox meficTBMEM 3TOH CHUTBI 3JIEKTPOH,
MMEIOIIUN MACCy M, IPHOOPETET YCKOPEHHUE, PAaBHOS

a=FEe/m (2.24)

u 32 BpeMsi Al MexXAy COYAApPECHUSMH C TMOBEPXHOCTSIMU AaTOMOB
IpUOOPETET AOMOTHUTENBHYO cKopocTh AV. Ecin A ecTs paccrosHue,
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IpOOEraeMoe IEKTPOHOM MEXKAY ABYMS CTOJIKHOBEHUSMH H Vi
€CTh CKOPOCTh DJICKTPOHA, TO BEJIMYMHA 3TOTO MPOMEKYTKA BPEMCHH
Oyaer paBHa

A=/ Vi, (2.25)

IIpoBoAMMOCTP TMPOBOAHUKA G TEM OOIBIIE, YeM BBIIIC
KOHLICHTpaLWsl 3apsiioB B c¢OMHHMLE oObeMa MeTaia, 4eM Oojblie
BCIMYMHA 3apsgaa W 4YCM BBIIIC IOABMIXKHOCTH 3apsaa M, T. €.
MPUpPALIEHNUE CKOPOCTH, OTHECEHHOE K CUJIE, AEHUCTBYIOLIEH Ha 3apsn,
T. €.

Ee A
o=Newm; m=AV/E; Avy=aAt=—, (2.26)
mu
U, CJIEA0BATEIBHO,
Née 2
c=—-: 2.27)
mu

IMpusencuuas dopmyna ams pacdera MPOBOIAUMOCTH METAILIOB
Brepebie Obiia BeieeaeHa pyae B 1900 r. ([JI .1 [16]). Oxnako
CIACAYET 3aMETHTh, YTO CaMa IOJBIKHOCTH 3JCKTPOHOB 3aBHCHUT OT
IJIOTHOCTH U BsizkocTu 3¢upa B Ban-nep-BaanascoBeix obomoukax, B
MPEICIaX KOTOPBIX U MEPEMEIIACTCs CBOOOIHBIN 3JICKTPOH.

Pacuer mauHBl CBOOOAHOrO mpoOera 3JIEKTPOHA B PATUUHBIX
METalIax HAa OCHOBE CHOPABOYHBIX JAaHHBIX JaCT XOPOIICS
COBMAJCHUC B MOPSAKAX BEIUYMH C OXXHUAACMBIMU IO TCOPUU: HPHU
TeMIepaType Homb rpaxycos mo Llenscuro xms mean A = 2,65:107"° u;
JUISL QITFOMHUHMS 1,64'10_10 M,; s Boiab(dpama 0,84.10_10 M; A
BUCMYTa 3,7'10‘13 M. TlocnenHee 0OCTOATEIBCTBO FOBOPUT O BEChMa
HEOONBIION BEIMYUHE MEKATOMHOIO MPOCTPAHCTBA B BUCMYTE, B
KOTOPOM MOTYT MICPEMEINATHCS CBOOOIHBIC DJICKTPOHBI.
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IIpuobperss  AOMOMHUTCABHYK)  KHHETHYCCKYIO  JHEPTHUIO,
3JICKTPOHBI ¢ OONBIICH CUITOH YAAPSIFOTCS 00 3JIEKTPOHHYIO 000TIOUKY
ATOMOB TPOBOJHHUKA, YEM M OOBACHICTCS TOBBIIICHAC TCMITCPATYPHI
MMPOBOJHUKA TPHU MPOXOKICHHH [0 HEMY JJICKTPHYCCKOro TOKa. A
MOCKONIBKY ~ aMIUIUTyJa KOJCOaHWA TMOBEPXHOCTH SICKTPOHHO
000/I0YKM aTOMOB  BO3PaCTacrT, TO ¥ YHCIO CTOJKHOBCHHIA
3JICKTPOHOB C arOMaMH BO3PacTacT, YTO W SBISACTCS  MPUYUHON
VBCITUUCHHUS  DIICKTPHUUCCKOTO COMPOTHBIICHUS TIPOBOJHUKA MPH
Harpese.

IIpu pasorpeBe MpPOBOJHUKA €rO COMPOTHUBJICHUE BO3PacTacT 3a
CUCT BO3pPACTAHUS AMIUTUTYIbl KOJCOAHMM 3ICKTPOHHBIX O00OIOYCK
aTOMOB M COKpAIICHHUS B CBSI3U C 3TUM JJIHHBI CBOOOJHOrO mpobera
3JCKTPOHOB. J[Is1 MEIU OTHOCHUTEIILHOE COKPAILICHUE JIMHBI mpoOera
COCTaBJIACT 4,33'10‘3 K™, anis amoomunms — 4,6'10‘3 K' . u pu
M3MeHEeHHU Temrieparypsl Ha 10 rpan. miuHBI CBOOOJHOrO mpodera
3JICKTPOHOB COCTaBIT 2,54 107 mu 1,56 107'° M cooTBeTCTBEHHO.

ILnoTHOCTH TOKA, MPOTEKAIOIICTO MO MPOBOAHUKY, OMPEACITUTCS
U3 BBIPOKCHUS

j = NeAy, (2.28)

MOCKOITbKY OHA MPONOPLUOHATBHA 0OBEMHOM IIOTHOCTH 3JIEKTPOHOB
B METaJ/lIe, BEIUYHMHE JJICMEHTAPHOTO 3apsiia U CpeOHEH CKOpOCTH
3JICKTPOHOB BIOIb OcH mMpoBogHHKA. [loacTaBsis cooTBeTCTBYIOIINE
3HAYCHUS BCITUYHH, TOTYIHM:

Ne /.
j=— E=oF, (2.29)
mu

4TO U BhipakaeT 3akoH Oma B quddeperumansHoit Gopme.

VMHOXKAs JICBYIO W TNPaBYIO 4YacTU BBIPAXKCHHUS HA O00bEM
mposoxuuka V= SL rae S —mioma s ceucHus IpOBOAHUKA, a L — ero
JUTHHA, TIOJy9IaeM
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jSL=oESL. (2.30)
HOCKOJ'ILKy 3HAYCHUC TOKA B HpOBOI[HI/IKC paBHO
1=jS, 2.31)

a NaaACHUC HAIIPAXKCHUSA Ha IMPOBOAHUKE PaABHO

U=EL (2.32)
TTOYYIUM
us U
l=6 ——=——, (2.33)
L R
rae
1L pL
R=——=— (2.34)
c S S

€CTh AKTHBHOC COMPOTUBIICHUE BCErO MPOBOJHHKA, a p = 1/o — ero
VACITBHOC COMPOTHUBJICHHUC.

MomHoCTb, 3aTpaumBacMas Ha CO3TAHHC TOKA B IPOBOJHHUKC,
COCTaBUT:

P=FAvy, (2.35)

rie  F = EeN — cuna, Bo3aciicTByromass Ha JJICKTPOHBI, AV —
MPHUPALICHAE CKOPOCTH 31eKTpoHOB; V = SL — 00beM MPOBOAHUKA.
[Noacrasiisist COOTBETCTBYIOIINE 3HAUCHMS, [TOTyYaCM
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Ee |
P=EeN——SL=E*%SL=ELEsS=Ul=1’R=U% R (2.36)
mu

rae U — maaeHue HanpspKEHHS HA MPOBOJHUKE, | — TOK B MPOBOJHHKE.

BeipaskeHne oTpaskaeT 3HaUCHHUE aKTUBHOW MOILIHOCTH, KOTOPYIO
HEOOXOJMMO 3aTPaTUTh B MPOBOAHHKE, NMEIOLIETO CONMPOTHBICHHE R
JUTSL TIPOMYCKAHUSL B HEM TOKa |. Dta MOUIHOCTh 3aTpaduBacTCs Ha
pasorpes NpOBOIHUKA M HE BO3BPALIACTCS 0OPATHO B IICHb.

C HU3NOXKEHHBIX MO3WLUH MOXET OBITh PACCMOTPEH U MEXaHU3M
CBEPXIPOBOIUMOCTH.

[Ipy mnOHMWKEHHMH TEMIEpaTypel YMCHBIIACTCS HE TOJBKO
TEMIOBass CKOPOCTh CAMHX BJICKTPOHOB, HO M aMILTUTYJA BOIH Ha
MOBEPXHOCTAX 3ICKTPOHHBIX oObOomouek Momekyd. Hauunas c
HEKOTOPOTrO 3HAUCHHS BJICKTPOHBI METaJIa, IONABIIME B TPYOKH
SJCKTPUYCCKOH  HANMPSHKCHHOCTH,  HE  MOLYT  IPEOAONETh
VACPKUBAIOIIYIO CHITY TPATUCHTHBIX TCUCHUI TPYOOK U TMEPECcTaroT
B3aMMOJCHCTBOBATE C  DICKTPOHHBIMH  ODONOYKAMU  ATOMOB.
ComnpoTHBICHHE UCYE3ACT.

Bce BbIen3nokeHHOE MOKA HUKAK HE OOBSICHSCT, MOYEMY IpU
JBYOKCHHH 3JICKTPOHOB BJIOJb MPOBOJHUKA BOKPYT HETO MOSBISIETCS
MarauTHoe mone. Ho 1ms 3TOro Hy)KHO CHavanma HpeICTaBHTh
CYLIHOCTh CAMOT0 MAarHUTHOTO TOJISL.

2.4. dusnyeckasi CywHOCTb MarHUTHOrO Nons

YI[CJ'ILHaSI OHCPIrus MarHuUTHOTO ITIOJISI paBHA

uwH? B? &CcB?  p»3(Bo?’

W:

kv, (2.37)
2 2u 2 2

I H{o — MATHUTHAS MPOHULIAEMOCTb BakyyMa; H — HampssKeHHOCTb
MarHUTHOTO Mo, B — MarHuTHas HHAYKLYS, €, — AUDICKTPUICCKAs
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MPOHHULAEMOCTh BaKyyMma, 05 - IUIOTHOCTh 3(Hpa B Bakyyme, C —
ckopocth cBeta. OTcroma cpa3dy BHAHO, YTO MAarHUTHAS MHAYKUUSA B
no/kHa opmanbHO ObITh Oe3pasmepHoit. Ha camom aene MarHuTHas
HWHAYKIWS BOBCE HE Oe3pa3sMepHa, a SBIACTCS OTHOIICHUEM CKOPOCTH
motoka 3¢upa Vy, B CTPYKTYPE MArHUTHOTO [IOJIS, JICHKAIICTO B
IUTOCKOCTH XV, K CKOPOCTH CBETA T.€. K CKOPOCTH BTOPOTO 3BYKa B
3¢upe B HANPABJICHUH Z JTH ABE CKOPOCTHU MEPICHAMNKYISIPHBI JPYT
JIPYTY, ¥ UX COKPAINATh B PA3MEPHOCTH HENb3L:

v
B=00, my/m;. (2.38)
C

Takum obpazom, usuueckas cyuwHocms MazHUmMHON UHOYKUUU
— 9MO CKOpOCMb NOMOKA Ipupa 6 CMpyKmype MAzHUmMOZ0 RO,
GHIPANCEHHASA 6 00X CKOPOCMU c8emd.

ITockonmpky HaMpsHKEHHOCTh MATHUTHOTO ITOJIS

H = Blu,, (2.39)
TO
H=v/u.c =puC. (2.40)

Otcroga BHOHO, YTO pu3uuecKas CyuwjHOCHMb HANPSHCEHHOCHU
MAZHUMHO020 ROASL — IMO ROCMYNAMEIbHASL CKOPOCMb NJIOMHOCMU
upa 6 cmpykmype MazHUMHO20 ROJA, M.e. yOelbHOoe KONUUeCHEO
osuscenus upa.

N3 momy4eHHOro BBIPaKEHUSI HEMOCPEACTBCHHO MOXKET OBITh
OIIPEENIeHa CKOPOCTh MOTOKA 3(upa B CTPYKTYpe MarHUTHOTO IO,
COOTBETCTBYIOIIASL 3HAYCHUIO HANPSDKCHHOCTH MArHUTHOTO NONS B 1

A/m:

Vy=H /p,c=1/8,85107310° = 376,65 m.c™". (2.41)
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3HAUCHUI0 MarHUTHOM wHAykumu BenuumHoii B 1 Tecna
COOTBETCTBYET OTHOIICHHUE CKOPOCTH 3(PUPHOrO MOTOKA K CKOPOCTH
CBETa B

B=u H=4110"=125610"" my/™m, (2.42)

2

IIpoBognuk cedenueM B 1 MM~ HMeeT paguyc B Iy, = 0,564 mm,
IUIOIIAAb €ro MOBEPXHOCTH COCTaBJISET 3,54'10 v’ Ha oxun
3JEKTPOH TMPOBOAHMKA TPUXOAWTCSA IUIOMAAb IIOBEPXHOCTH B

27 2
3,54-10™" M", 4TO TIPEBHIIIACT IUIOIIAAb MPOBOJHUKA B

3,54-107%

—1
+

4-10° pas.
2,75-107%

Ecrmu Ob1 3mekTpoH ObLN OBl OPHEHTHPOBAH CBOCH ITOCKOCTBIO
[apajaienpHO IUIOCKOCTH OZHOMY U3 Y4YacTKOB MOBEPXHOCTH
MPOBOAHHKA, TO 3TO COOTBETCTBOBAJIO ObI CKOPOCTH B

Vs = Vo/1,4 -10°=1,64-10"/1,4-10°=1,17-10" m.c™".

Ecnu no mpoBoxHuky TeueT TOK B 1 A, TO Ha €ro MOBEPXHOCTH
MIOSIBUTCSI MATHUTHOC TTOJIC, HAMTPSHKCHHOCTh KOTOPOTO COCTABHUT

i 10°
H= = 282 A/m, (2.43)
27l 21 0,564

5
YTO COOTBETCTBYET ckopocTu B 1,06215-10° m/c.
WU 3710 3HAuMT, UTO 3IEKTPOHBI OBEPHYTHI BCETO JHUIIb HA YIONT B

2:1,06215°10°
o = =810 pan.
1,17-10"
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Kax mokazano B mpexmpigymem mnaparpade, MOA BO3ICHCTBHEM
3JEKTPUYIECCKOrO MOJSI BCE ANEKTPOHBI, B KAKOM OBl TOIOKCHHH OHH
HI HAXOJW/INCh, Pa3BOPAuMBAIOT CBOM OCH TaK, 4TO 0OOpa3yercs
HEKOTOpasi O0Ias COCTABILIOIIAS MPOCKIMA HMX CIMHOB HAa OCh
mpoBogHuka. [lo OTHOmEHHIO K NHOOOMY YYacTKy HOBEPXHOCTH
MPOBOAHUKA TONOBHHA 3JICKTPOHOB OKA3bIBACTCS MOBEPHYTOM K 3TOH
MOBEPXHOCTH, MOJOBHUHA K MPOTHBOMOIOKHOM, TaK YTO LUPKYIISLIUSL
OT KKIOH Mapbl 3NEKTPOHOB JACT CYMMApHYIO LUPKYISLHIO, OCh
KOTOpO# OYAET OpUEHTHPOBAHA BIOJIb MPOBOAHMKA (puc. 2.4).

X

QR

@
\

7,
a 6)

Puc. 2.4. O0pa3oBanne MArHITHOTO TI0JIsI BOKPYT MPOBOXHIKA. d —
OPHCHTAUA BCKTOPA CIMHA 3JICKTPOHA MAPALICIBHO OCH HPOBOTHUKA; 6 —
CYMMHPOBAHHE BHHTOBBIX MMOTOKOB BHE ITPOBOIHUKA.

Ucxons n3 toro daxra, 4TO NMpu NEPEMEIICHHH B MPOCTPAHCTBE
HE OOHApY)KMBACTCS HUKAKUX JOMNOTHUTEIBHBIX MATHHUTHBIX MOJCH,
YTO MOATBEPKICHO CIIENAIBHO ITOCTABICHHBIMHU SKCIIEPUMEHTAMH, a
TAKXKEC VYUTBIBAS OIBIT JPCTEAad, IOKA3aBLIETO, YTO MArHUTHAS
CTpeJKa YCTaHABIMBAETCS NEPHEHANKYISIPHO NPOBOTHHUKY C TOKOM,
BBIPHCOBBIBAETCSI MPAKTUYIECKA €AMHCTBEHHO BO3MOXKHAS CTPYKTypa
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MAarHUTHOM CHJIOBOH JIMHUU KaK HEKOTOPOW TPYOKH, B KOTOPOWH IO
MOBEPXHOCTH TeYeT 3(QUp B OZHOM HAINPABICHUHU, & BHYTPH TPYOKH
BO3BpALIACTCS B MPOTHBOMONOKHOM, a caMa ke TpyOka Bparaercs,
TaK 4TO MO €€ MOBEPXHOCTU 3(PHUP TCUET MO BUHTOBOHM JIMHUU C YIIIOM
B 45° k ocu TpyOku. [Ipu 5TOM MOCKONIBKY (hOPMHUPOBAHUE MATHUTHOM
CUJIOBOM JIMHUM MPOU3BOAUTCS 3JIEKTPOHAMH, KOTOpBIE CaMH
MPEACTABISIOT COOOW BHHTOBBIE TOPOHABI HauOoJee BEPOSTHOMN
CTPYKTYPOU MAarHWTHOW CHJIOBOU JIMHUU SIBJSICTCS. HA0OOP BHUHTOBBIX
TOpOUAOB. BzanmoaelcTBHE BUHTOBBIX MOTOKOB 3(Hpa MOKa3aHO Ha

Puc. 2.5.CTpyKTypa MATHHTHBIX CIUIOBBIX JIMHHIT

Takum 0O6pa3zoM, CTPYKTYPHI CUIOBBIX JIMHHA MAarHUTHOTO THONS U
SJICKTPUICCKOIO IMOJIsI BO MHOI'OM UACHTUYHBI, HO UMCIOT U pa3JIn4vus.
3HCKTpI/IqCCKOC mOJIC UMCECT UCTOYHUK BUHTOBOT'O ABHKCHUS B TOPLIC,
a MarHWTHOE TOJE C IMOBEPXHOCTU BCel TPYOKH, MO3TOMY MAarHUTHAS
TpyOKa MOXKET CTPYKTYPHPOBATHCS B HAOOpP BHHTOBBIX TOPOHIOB, a
JJcKTpuueckas TpyOka HEe wMoxker. OmHako Bce 310 Tpedyer
YTOUYHCHMUA.

W3 BeIpakeHms

H=Vy/uc (2.44)

M 3aKOHAa IIOJIHOTO TOKa
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i =] Hdl; H=i/2aR (2.45)
BBITCKACT
Lo
Vy=——, (2.46)
2nR

Vo= ——, (2.47)

rOC 4 — OTHOCHTEIBHAs CKOPOCTh MOTOKA 3(upa B Marepuane Mo
CPaBHEHHIO C IJIOTHOCTBIO 3TOTO JKE MOTOKA B BAKYYME.

WNsmenenne  ckopoctd  3(GHUPHOrO MOTOKA B MaTepuase
obecnieynBacTCsi HM3MCHCHHEM OpPHCHTALIMM  JOMCHOB, KOTOPBIC
MOTOKaMH, PACIIONOKCHHBIMH Ha HX Mepudepuu, b0 YBEIUIUBAIOT
O0IIYI0 CKOPOCTh MOTOKA (MapaMarHeTHKH U (PeppOMarHEeTHKH ), THOO
YMCHBIIAIOT (TUAMATHCTHKH).

ComocTtaBuM ¢ TMOMYYCHHOW 3aBUCHMOCTBIO 3aKOH Amrmepa Ajist
CHJIOBOTO B3aMMOJACHCTBUSI TPOBOIHIKOB!

Hott 11l
dF=— i (2.48)
2nR

U TPEACTABUM €ro B (hopme
dF o

— (2.49)
di, 2R
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OTKyJa BHJHA ITOMHAS HWACHTUYHOCTD BBIPAXKCHHH JJIsI CKOPOCTH
BHHTOBOIO TMOTOKa »¢upa H 3akoHA Awmmepa IO CHUJIOBOMY
B3aMMOJEHUCTBHIO ITPOBOJIHUKOB.

Kak cregyer w3 3akoHa IIOTHOTO TOKA, YMCHBIICHHE
HaIPsDKEHHOCTH ~ MAarHUTHOTO IIONS  BOKPYT  NPSMOJHMHEHHOTO
MPOBOAHUKA C TOKOM JOJDKHO MPOHMCXOAMTH IO THIICPOONHICCKOM
3aBHCHMOCTH W, CJIEJOBaTeNbHO, OTHOIICHHE HAINpPSHKEHHOCTEH
JIOJDKHO COOTBETCTBOBATH BBIPAYKEHHIO

H/H, = R/R, (2.50)

rae R u R — COOTBETCTBEHHO PACCTOSHUE OT LICHTPA HPOBOAHUKA 10
TOYEK U3MCPCHUS HANPSLKCHHOCTEH MarautHOro nomst. OgHako 3¢up
CKHMMACM, CJICIOBATCIBHO, /I MATHUTHOTO IIOJISI 3TO 00CTOATEIBCTBO
JO/DKHO — CKa3bIBaThCS  CYIIECTBCHHBIM  oOpaszom. [IpuBeneHHOe
COOTHOIICHHUE COPABEIIMBO  TOJABKO JUIss  MaJbIX  3HAYCHHMA
HAMPSDKEHHOCTSH MArHUTHOTO TOJIS, I KOTOPBIX €ro CxKaTheM
MOKHO TpeHeOpeysb. C yBETUYCHHEM 3KC HAMPSIKCHHOCTH OJIKHBI
HAOIIOAThCA OTKJIOHCHHS OT DTOr0 3aKOHA. JTO OOCTOATEIBCTBO
MOCAYKUJIO  OPCAMETOM  OKCICPUMCHTAIBHBIX  HMCCICIOBAHUM,
KOTOPBIC TOATBEP JUIIU 3TO MPESATIONOKCHIUE.

Ecau marautHOE mmoiie 00MamacT CBOMCTBOM CXKMMACMOCTH, TO
MPUBCACHHAS 3aBUCHMOCTh JO/DKHA HAPYIIATHCS, MPUYEM TEM
Oospie, WeM OOJBIIC HAMPSDKEHHOCTh WM TOK, MPOTCKAIOIIMIA B
npoBoxHuke. 1lo aHagOrMu CO CXKUMACMOH KUIKOCTHEO 3TO MOXKHO
MOSICHUTD CJICIYIOLIUM 00pa30M: BBIXOASINAS U3 BEPTYIIKU KUAKOCTb
(puc. 2.6 B BepXHEil YacTH) HAXOAWUTCS MO OONBIINM HANPSDKCHUEM,
YeM KHAKOCTb, HAXOAALIASCS HA HEKOTOPOM PAaCCTOSSHUHM OT
BEPTYIIKH. JTO 3HAYUT, YTO C YAAJICHUEM OT BCPTYLIKU KUAKOCTb
OVICT pacUIUPSATHECS U A00ABIIATH CBOIO DHCPrUI0 B IBIDKCHHE, T. €.
CKOPOCTh CXKHMACMOH >KMIKOCTH BIanu OT LEHTpa Oyaer Oosblie
CKOPOCTH HEC)KUMAEMOM KUJKOCTH.

Ha puc. 2.6 mnpuBeacHBI SKCICPUMCHTAIBHBIC 3aBHUCHMOCTHU
otHowicHud H/HO OT OTHOCHTEIBHOIO PACCTOSHHUS A0 LEHTPA
IMPOBOIHHUKA [TPU PA3HBIX 3HAUYCHHUSIX TOKA.
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Kax BHAHO W3 pe3ynpTaToB M3MEPCHHM, C YBETHYCHHEM TOKA B
MCPBUYHOM IIPOBOJHHUKE OTKIOHCHHE HAMPSHKCHHOCTH MArHUTHOTO
MOMsl OT BEIUYMHBEL, ONPEACICHHOW 3aKOHOM IIONHOTO TOKa,
cranoButcs Oonpime. C yBETHUCHHEM PACCTOSHHS OT MPOBOJHUKA,
T. € C YMCHBIICHHEM a0COMIOTHOH BETHYHHBI HANPSHKEHHOCTU
MAarHUTHOTO  TMOJs,  3aBHCHMOCTb  YOBIBAaHMSI ~ MAarHUTHOU
HAMNPSDKCHHOCTH HPUOIIKACTCS K TUNEpOOTHIECKON, ONPEaeICHHOMI
3aKOHOM TMOJHOTO TOKAa, M TEM B OONBIICH CTENCHU, YEM MCHBIIE 3Ta
HarnpspkeHHOCTh. [Ipu 3TOM, Ka3ajaock Obl, poib Kpacebix 3((exTos
JODKHA Oblna OBl BO3pacTaTth, OJHAKO HAa JEJ€ OKAa3aloch, YTO
KpaceBbic 3 (EKThl HUBEIUPYIOTCS.

<

H/H,

0,5

0 2 4 6 8 wr,

Puc. 2.6. IJxcnepnMeHTAIBHBIC NCCJICAOBAHUSI 3aKOHA IIOJTHOIO
TOKA: a — MEXAaHUYECKasd AaHAJOTHA — M3MEHEHUE CKOPOCTH IIOTOKA
CKMMAEMOH JKUIKOCTH, MPHUBOAMMOIL B IBIDKCHUE BEPTYIIKOHM C JOMACTAMU;
6 —HM3MCHCHUC HANPSHKCHHOCTH MATHUTHOTO TOJNA B 3aBUCHMOCTH OT
paccTosTHHA OT OCH NMPOBOAHUKA; 1 — TeopeTHdeckas KpUBasi, BBIYHCICHHASN
W3 YCIOBHSA TIOCTOSHCTBA LHPKY/IIMM MATHHTHOTO TONL, 2 —
SKCTIIEPHMCEHTANBHBIE pe3yiabTaTl TpH TOoke | = 1 A; 3 -
SKCHCPUMCHTANBHEIC pe3yabTatel mpu Toke I = 10 A. UW3mepenmsa
npoBoaIUCh pH vacrorax 50, 400 u 1000 I'n
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HHTepnperanus HaNpspDKEHHOCTH MAarHUTHOTO MO KaK CKOPOCTH
JAMHUHAPHOTO TIOTOKAa 3(Qupa MOXKET BBI3BATh ONPEICICHHBIC
BO3PaKCHUSI.

Bo-niepBrIX, kKak wu3BECTHO, MakcCBEmT OTHAT MPCAMTOYTCHUC
TPAKTOBAHUIO MArHUTHOTO MONS HE KaK IOCTYHNATEIbHOrO, a Kak
BpaINaTEIbHOTO ABIJKCHHS B CBsI3U C OOHapyxeHHbM Dapazeem
CBOWICTBOM MArHUTHOTO IOJISl HOBOPAUUBATh IMIIOCKOCTh MOJISIPU3ALIIH
CBETa B HEKOTOpHIX Kpuctamiax. OmHako MakcBema He yd4eld, 4To
IPaAMEHT MOCTYMATEIBHON CKOpPOCTH 3(upa MOXKEeT 0071amaTh TaAKHM
JKe ICHCTBUCM.

Bo-BTOpBIX, MarHUTHOE MONE HE OOS3ATEIBHO SIBISETCS HHCTO
MOCTYTATEIbHBIM JBIDKCHHEM d(dupa. B HEM MOXKET MPHCYTCTBOBATH
COCTABIISIFOLIAS BPALICHUS, IPUYCM B Pa3HBIX (DH3HUCCKHUX SIBICHHIX
COOTHOLICHUE MEKAY CKPOCTSIMH MOCTYNATEIFHOIO M BPaIATEIbHOTO
JBYDKCHHI MOXKET OBITh Pa3mu4HbIM. Takas BO3MOXKHOCTB TpeOyeT
OTACTIBHOTO PacCMOTPEHHs, HO OTOT BapuaHT HE OyxeT
MPOTHBOPEUUTh HH W3JIOKCHHBIM BBIIIC MPEACTABICHUSAM 00
3JIEKTPUYIECOM TTOJI€ KaK O Ha0Ope BUHTOBBIX TPYOOK C MEPEMEHHBIM
MO CEYCHHIO BUHTOBBIM (DaKTOPOM, HH U3TI0’KEHHBIM MPEICTABICHUSM
0 HampsDKCHHOCTH  MAarHUTHOrO HOMI Kak O  CKOPOCTH
MOCTynaTenbHOro ABokeHHMs d>¢upa. Tem He MeHee, Takoe
MOJCTHPOBAHNE TO3BOIUT YTOYHUTH MPEACTABICHUS O (PHU3MUCCKOI
CYLIHOCTH MAarHUTHOTO TOJISL ¥ €T MPOSIBJICHUAX B PA3HBIX SIBICHHSX.

Buieoowi

1. JnekTpuueckoe TONE, CO3JABAEMOE  SJICKTPHUUCCKHMU
3apsgamMy, MPEACTaBIsIET coOoi  Habop SQUPHBIX  JTHHEHHBIX
BHUXPEBBIX TPYOOK IMEPEMEHHOTO MO ITyOMHE BUHTOBOTO (hakTopa, YTo
MPEISTCTBYET HX CIUSHHIO B OOIIYIO BUHTOBYIO TPYOKY.

2. DJCKTPUYCCKUN TOK MPEACTABIICT COOOM [aBa SIBJCHUS —
MEPEMELICHUE BCEX COACPIKAIIMXCS B METAIE 3JICKTPOHOB,
OXBAUCHHBIX XAOTUYCCKUM TEILUIOBBIM JBMIKCHHEM CO CKOPOCTSIMH,
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COCTaBIIAIOIIMMA EAUHULIBI MUKPOMETPOB B CEKYHIY, U IIOBOPOT
CITMHOB BCCX 3J'I€KTpOHOB B O6H.[€M HaHpaBJ’IeHI/II/I BIOOJIb HpOBOI[HI/IKa.

IepBoe siBaCHIE OOYCITOBIMBACT YBEIUUICHUE TCILIOBOM CKOPOCTH
3JICKTPOHOB M HAKOIUICHHE 3apsJ0B HAa KOHIIC MPOBOJHUKA, BTOPOC
O6CCHC"II/IBa€T ITOSABJICHUC MATHUTHOI'O ITOJIA BOprr HpOBOI[HI/IKa.

3. MarautHOC TONE, CO3AABACMOC TOBOPOTOM  CITHHOB
3JICKTPOHOB B HAMPABJICHUU OCH IMPOBOJHHUKA, MPEACTABISICT COOOM
HaOOp BUHTOBBIX BUXPEBBIX TPYOOK, OKPYIKAFOLINX MPOBOIHUK.
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MnaBa 3. [iBUXKeHne 3aneKTpu4yeckmnx
3apsaoB

3.1. KoHpeHcaTop (3reKTpoeMKOCTb)

Co3xgaHrie B MPOBOJAHUKE 3JICKTPUUSCKOrO MO 3aCTaB/SCT BCHO
MacCy 3JCKTPOHOB, HAXOMSINUXCS B MPOBOJHUKE, CMEINATHCS B OJHY
CTOPOHY, HAKAILTUBASACh HA OJHOM KOHIIC W TOKUAAS APYrOd KOHCI.
Ecnu Ha 00oux KOHIIAX PACIIOIOKEHBI METAIIIMYSCKUE TUTACTUHBI, T.C.
CO3JaH KOHJEHCATOpP, TO HOPU OZHOM U TOM XKE 3JIEKTPUUECKOM
HalMpsDKCHAM B LCMHA  KOIWYCCTBO  DJICKTPUUCCKUX  3apsaoB,
HAKOJICHHBIX HAa OJHOU M3 IJIACTHH, OyACT TeM OOombIie, YeM OOobIie
€C IUIOIAAh W TCM MCHBINE, YEM OOJBINC PACCTOSHUEC MEKAY
TJTACTUHAMH.

PaccmoTpuM  3apspKEHHBIM KOHICHCATOP, HA ONHOM W3 TUIACTHH
KOTOpPOro MOMCIICH 3apsaa (, a Ha apyroil —(. Hammuwme paBHBIX u
MPOTHUBOIIOJIOKHBIX TTO 3HAKY 3apsI0B O3HAYACT, YTO HA BHYTPCHHCH
MOBEPXHOCTH OAHOW M3 IUIACTHUH COCPEAOTOUEHO DJIEMEHTAPHBIX
3apsa0B

n=gke, 3.D

CO3JABIINX MOJIC M3 N BUXPEBBIX TPYOOK, KOHLIBI KOTOPBIX BCE BXOMST
BO BTOPYIO IINIACTUHY, T.C. YUCJIO BBIIICAIINUX W3 OI[HOﬁ TIJIACTHUHBI
TPpYOOK PaBHO HYHCAY BOWICAIINX BO BTOPYIO IUTACTHHY J3THX K
TpyOok. Ha BTOpO# M1acTHHE MMEETCsI HEAOCTATOK 3apsiIOB B TOM JKE
komuuectse. Ecru Obl 3apsiapl He OBLTH PABHBI W HIMEIH OAWH U TOT
K€ 3HAK, TAKOTO PABCHCTBA HE OBLIO OBI.

[Tnomanp momepevyHoOro ceueHss OXHOW TPYOKH cOCTaBUT (B
CpEIHEM)

S =s/n (3.2)
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rae S — mIomans IIACTHHBI KOHASHCATOPa, & CKOPOCTh KOIBLIEBOTO
JBYDKCHHSI TTO Tiepudeprn TpyOKH paBHA

v, =1/27r,, (3.3)

rae ' — MHTCHCUBHOCTh LIMPKYISIIUH 3(dupa B TpyOKe.

[Tpu n3meHeHnN muomaay TpyOKU 3a CYET YBEIMYCHUS YKCNA 3TUX
TpyOOK — yBETHYEHHMs 3apsja Ha IUIACTHHAX — IUIOTHOCTH d¢dupa B
TpyOKax p OYAET U3MEHATHCS MO CPABHEHHIO C IUIOTHOCTHIO 3¢dupa B
CBOOOIHOM cpeae p,:

plp,=S/S =t (3.4)

Kax mokazano B [42-44], ypaBHCHHC bepHymmm mpuMeHHMO K
BHHTOBOMY TIOTOKY B IIEIOM. Pa3HOCTh MaBIeHMI B 3IEMEHTApHON
cTpylike Ha nepu)epuu BUXPS U B CBOOOTHOM 3(HPE COCTABISICT

AP =pv %2, (3.5)

a JUis BUXPEBOH TPYOKH KPYrOBOTO CCUCHHUS B CPCAHCM IMAJCHUC
JABJICHUS BIOJIb TPYOKHU cocrassier [16, ¢. 115]

AP =p.v?/4, (3.6)
JUTst TPYOOK HEKPYTOBOTO CCUCHUS

ko,
AP=kpN = 3.7
4m’r?
3mece K — xoahuIpieHT  TPOMOPIIMOHAIBHOCTH, YUHUTHIBAOIIHM
¢dopmy ceueHus TpyOKH.

[Tockonbky pacxof rasza B Kaxa0il TpyOke

V0o = Vp = const, (3.8)



JBIZKEHIE JICKTPHYCCKUX 3aPSA/I0B 61

nojy4acM
2 2 2
0%00 F ,00
AP =kpv =k =k , (3.9)
P 4’ r'e
II€ & — OTHOCHUTENbHAs IUIOTHOCTh 3(Hpa B BUXPEBOH TPyOKe B
JUSJICKTPHUKE.

OOmas cuna, JEWCTBYIOINAS HA IJIACTHHY KOHACHCATOPA, PaBHA

szOZS szOZS szonz qz
F = APS =k =k =k = . (3.10)
47 r* & 4S¢’ 4eS 26,6S

Takum  oOpazom,  (QHU3MYCCKHIA  CMBICT  OTHOCHUTEIBHOH
JMJICKTPHYCCKON MPOHULACMOCTH € — OTHOIICHUE TUIOTHOCTH ddupa
B BUXPEBBIX TPYOKax B AMAJICKTPHUKE K IUIOTHOCTH 3(upa B BUXPEBOI
TpyOKe B BaKyyMe, T. €. B CBOOOZHOM OT BEIIECTBA dHpeE.

Caeayer OTMETUTBH CIEAYIOIIECE CYLHICCTBEHHOE OOCTOSTEIbCTBO
JUTSL TIPOXOJKACHHST BUXPEBBIX TPYOOK JICKTPHYCCKOrO IONST CKBO3b
mmenektpuk.  I[lorokm »¢upa B 3TUX  BHXPEBHIX  TpyOKax
MPEACTABNISAIOT COOOH CTalMOHAPHOE MABIDKCHHE 3¢upa, KOTOpOS
MO’KET MTPUBECTH JIHILIb K TOCTOSIHHOMY CMEIICHUIO 3(QUPHBIX BUXPEH,
U3 KOTOPBIX COCTOHMT CaMO BEIIECTBO JHMIJICKTPHKA, HA HEKOTOPYIO
BCITUYUHY, HPH OTOM Ha TMEPEXOAHBIA MPOLECC, T.. HAa YIOPYyroe
CMELICHUE MOJCKyd, OyaeT 3aTpadeHa HEKoTopas 3Heprus. B
OCTaJIbHOM K€ HATMYUE CTALMOHAPHOTO BHUXPEBOrO MOTOKA 3dupa B
JMJICKTPUKE HU K KAKUM KOTCOAHHSIM YaCTHUI] BEIIECTBA MPUBECTH HE
MOKET. ITO O3HAYACT, YTO SHECPTHUsI BUXPS HE PACXOAYETCS M MMEET
PCAKTHBHBIA XapakTep (PHEPrus HE MEPEXOAUT B TEIUIO — JHEPTHIO
KoneOaHui aTOMOB).
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3.2. CBOGOAOHLIN 3NEKTPOH B 3NIEKTPUUYECKOM norsie

PaccmoTpuM  IBMKEHHE OSIEKTPOHA — BHHTOBOTO BHXPEBOTO
KOIbL]a YIUIOTHEHHOro 5¢upa B BHHTOBOM Tnode »ddupa -
saekTprdeckoM moje. Ilonas B BUXpeBOE Mone, 3IEKTPOH BBIHYKIACH
pa3BepHYThCS TaK, YTOOBI IJIOCKOCTh €r0 KOJBLEBOIO ABHIKCHUS
COBIANa C IUTOCKOCTBIO KOJBLICBOIO ABIDKCHHS 3(Hpa B TpyOKax.
ITockonbky B BakyyMe HHKAKOTO COYAAPEHHUS C MOJCKYJIaMH
BCILIECTBA HET, TO OPUCHTALMS PA3BEPHYBIIEIOCS M0 MO0 SJICKTPOHA
OyZeT coxpaHATbCs HeompeaeneHHo gonro. llociae sToro mox
JEUCTBUEM PA3HOCTH JAABJCHUI, JACUCTBYIOLUIMX HAa 3JIEKTPOH,
MOCNEAHNN JOIDKEH Ha4yaTh CBOC ABIDKCHUE BIOIb OCH BHXPEBOI
TPYOKH.

[Ipu coBnameHuy HapaBICHUH KOIBLEBOTO ABMIKCHHS BHXPEBOTO
OIS V;; ¥ BJIGKTPOHA V; HA TOM CTOPOHE YacTULBI, KOTOpas oOparieHa
K [O0ICOOpasyIUM BHUXPSIM, TIPAAUCHT CKOPOCTH KOIBLEBOTO
JOBYDKCHHSI OyIET MCHBIIE, YeM C MPOTHBOIMOJOKHOH CTOPOHBI, H
MOSTOMY JaBJCHUE 3>(upa Ha CTOPOHE, OOPAINECHHON K HMCTOYHHKY
mosist, OymaeT OOoJIbIIe, YeM ¢ IPOTUBOMOI0XKHOM (puc. 3.1).

Puc. 3.1. Di1eKTpoH B TPyOKe 3/IeKTPUIECKOTO TOJISI.

B coorBerctBUM ¢ YpaBHCHUCM BepHynnH OTH JOABJICHUS
OIpeACIATCA BBIPAXKCHUAMU
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B 00J1acTH a:
Pa = Po - Pa(Ve - VH) 2/2, (31)

B obmactu b:

Pb = Po —Ps (Ve + VH) 2/2, (3 12)
B 00J1acTH C:
Pe=Py— ps[Ve — (Va — bow/or )]1%/2; (3.13)

B obmactu d:
Py=P,— ps[Ve + (Vi — bow/or )]%2. (3.14)

3meck b — TommuHa Tema smeKTpOHA; Ve — CKOPOCTH KONBIIEBOTO
JBIDKCHHS TEda JJICKTPOHA; V; - CKOPOCTh KOJBILICBOTO JABHIKCHUS
3JCKTPUICCKOrO MOJIsT; OV,/OF — TPAAUCHT KOJIBIICBOM CKOPOCTH MOJISL.

IIpousBenss COOTBETCTBYIOIIME BBIUKCACHUS ©  mpeHeOperas
MaJjbIMHA YjIeHAMU, MOy IUM 3HAYECHUA pasHocTu
JTABJICHUIA,CO3MAIOMINX TOBOPOTHBI MOMCHT JJICKTPOHY, MPHYEM
BCErJa B CTOPOHY COBMCIICHHMS OCH IMPOBOJAHHMKA U BEKTOpa
TOPOUIATBHOTO IBIKCHHS JICKTPOHA:

AP = Vep,b OV,/0r = Ve, E. (3.15)

rae £ = b ov,/or
Cuta, neiicTBYOIIAS HA DJICMCHT TUIOMIAN 3JICKTPOHA, COCTABUT

dF = APEsina = p,VeVy, sinadS, (3.16)
rae S, — mIomaak KOMBICBOrO CCUCHUS DICKTPOHA, O — YTOA MEXIY

TTIABHOH OCBIO JICKTPOHA M OCBIO TPYOKH 3MEKTPHUYCCKOro moms; £ —
3JIEKTPUUECKAs HANIPSDKEHHOCTD.
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Ha Bceit mmomaam 3ICKTPOHA TIOCTOSHHAS —COCTABIISFOIIAS
KOJBIICBOM CKOPOCTH MO HE CO3JACT HUKAKOW CHIIBI, TTOCKOJIBKY
YBCIAMUCHUC OABJCHUS HA TEX y4YACTKaX, TAC HAMPABICHUS IMOTOKOB

KOJBLCBBIX CKOpOCTeﬁ OJICKTPOHa n I0JIA COBIIAAAXOT,
YpaBHOBCIINUBAKOTCA YMCHBIICHUCM MOAaBJICHUSA Ha TCX ydaCTKaxX, rac
OHH HUMCIOT MPOTUBOIIOJIO>KHOC HarpaBJICHUC. HO3TOMy

JOTIOHUTEIPHOE JABJICHUE HA JIEKTPOH CO3JAETCS HE COOCTBEHHO
CKOpPOCThIO MOTOKa 3¢upa Vy, a LUPKYISIUCH CKOPOCTH BOKPYT
KOHTYpa H, CIEJOBaTEIbHO, CHJIA, BO3AEUCTBYIOMIA HA 3JIEKTPOH CO
CTOPOHBI 3JIEKTPHUECKOTO OIS, OIPEASIUTCS KaKk

F= p.Ve [J(0vy/0r) sinadrdS = gEsina, (3.17)

rac
b
E = [(ov/or)dr. (3.18)
0

Takum 06pazom, HAPSDKCHHOCTh 3IEKTPUIECKOTO MO, T.€. CHIA,
BO3JCHCTBYIOIAS CO CTOPOHBI JIEKTPHUECKOTO MO HA €AMHWIHBINA
3apsg

E =F/q, (3.19)

MMEET CBOMM IPOUCXOXKACHHEM TIPAJUCHT KOIBLEBOH CKOPOCTH
3(upa, yMHOKEHHBINH Ha pa3mep djekrpona. Otcroga MOXKET OBITh
ompenencH U (PU3UUCCKUI CMBICHT 3JIEKTPUYECKOr mHAYKIMH D kak
KOITMYECTBO KOMBIIEBOrO ABIDKCHHS 3(Upa B CAMHULEC 00beMa:

b
D= &, = p.J(ov /or)dr. (3.20)

0
Hns 3mekTpoHa, ABHIKYIIErocs B CBOOOJZHOM MPOCTPAHCTBE B
HarpasIeHUH cuiibl F, sina = 1 (rjaBHAs OCh 3JICKTPOHA COBIAAACT IO
HATPABICHUIO C HAIMPABICHUEM OCH TPYOKH JJICKTPUYECKOrO TOJS).
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IMockonpky JIaBIICHUE ecThb HOTCHLUAIbHAS SHEprus,
HPONOPIIMOHATbHAS KBAApaTy CKOPOCTH MOJEKYT, TO M CHIA,
ACHCTBYIOINAss ~ HA JJIEMEHT ODIICKTPOHA, OyIET YMEHBIIATBCS Ha
BEJIMYMHY, MPONOPLHUOHAIBHYIO KBaApaTy OTHOCUTEIBHON CKOPOCTH
JBIDKCHUS SICKTPOHA Vg K CKOPOCTH PACHPOCTPAHCHHS KOINBLIEBOTO
JBIKCHUSI B CBOOOJHOM Cpee — CKOPOCTH CBETA C, T.C. HA BETUYUHY
(Vg/c)?, cenoBaTenbHo,

E=E,[1-(v/c)*] (3.21)

U TPU CKOPOCTH ABYDKCHHS YACTHIBI, PABHOH CKOPOCTH CBETA, T.C.
npu Vg = ¢, E =0, xak Ol HI MeHsIaCh BenuunHa F,.

[Tocnennee o3navaet, 4YTO ¢ MPUOIMIKEHUEM CKOPOCTH YACTHLBI K
CKOpPOCTH CBETa CHJA, JCHCTBYIOIIAS HA YACTHLY, YMCHBIIACTCS.
AHAIOTHYHO  TOMY, Kak TMPH  YMCHBUICHUU  CKOJBKCHUS
BpAINAIOIIETOCS ~MArHUTHOIO TONS  OTHOCHTEIBHO pOTOpa B
ACHHXPOHHOW MAaIMHE YMCHBIIACTCS MOMEHT, Pa3BHBACMBbIi
poTOpoM. OTHM ACHUHXPOHHBIM 3((EKTOM NPUHLMITHAIEHO MOXKET
ObITh OOBSICHCH (PAKT HEBO3MOXKHOCTU PA3roHa 3apsKCHHON YaCTHUIIBI
3JCKTPUUCCKUM TOjIeM JIF000#, caMOi OOJBIION HAMPSLKEHHOCTH 0
CKOPOCTH CBETA, & BOBCE HE TEM, YTO CKOPOCTh CBETA MPUHLIMITUAIBEHO
HE MPEOJOTNMA.

Takum o00pa3oM, TOJIYYEHO BBIPAXKCHUE s HANPSDKCHHOCTH
3JEKTPUYECKOrO MOl KaK CUJIbI, BO3ACHCTBYIOIIEU HAa €IUHHYHBIN
3apsa. [lonmaras, 4To CKOPOCTh BpAlNCHUs BHXPEBBIX TOPOUAATBHBIX
KOJICL] — 3JICKTPOHOB — MOCTOSHHA, TMONYy4YacM, YTO HAIMPSKCHHOCTb
3JEKTPUYICCKOrO OIS MPONOPLHOHATEHA HANPSDKCHHOCTH BUXPEBOTO
MOJsI, KOTOpasi MPOMOPLHOHAIBHA YHCIY TPYOOK BHUXPEBOrO IO,
MPUXOAALINXCS HA CAVMHULYY TUTOLIATHN OIS

Ecmun B cBOOOZHOM NPOCTPAHCTBE 3IEKTPOH MPEIOCTABICH caM
cebe, TO SJCKTPOH, KaK U BCSAKHUIA ra30BBI TOPOUAAIBHBIA BHUXPb,
HAYHET Pa3rOHATHCS B HANPABICHUHM IOTOKA, HMCXOMIIETO U3 €ro
LEHTPATbHOro oTBepcTHst. OOHAKO B OTIHYHE OT OOBIYHBIX Ta30BbIX
BUXpEH B cHiay 0co0OH pa3pekeHHOCTH dGupa H  Maloro
ko3 uLmeHTa ero BS3KOCTH, a TaKXKe B CHJIYy TOro, YTO B Tele
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SJCKTPOHA IUIOTHOCTh 3(QUpa HAa AECATKH MOPSOKOB IPEBBILIACT
IJIOTHOCTH 3(upa B CBOOOTHOM MPOCTPAHCTBE, MOCTOSIHHAS BPEMCHHU
pasroHa SJCKTPOHA OKAa3bIBACTCS BEChbMa OOJBLIOW U COCTABISET
JECATKA M COTHH JIET. ITO OOBSICHSACT MPUPOAY KOCMHUCCKHX ITyUCH,
HO B YCIOBHUSX OOBIYHOI'O JKCICPUMEHTA BJICKTPOH MNPAKTUYCCKU
0CTAaeTCsl HEMOABIDKHBIM, TaK KaK IJIOAAb MOBEPXHOCTH €ro Mana,
TAKKE Mana W BI3KOCTh 3(Upa, MO3TOMY M CHJIA OTTATKUBAHHS
3JEKTPOHA OT OKPY)KAIOINEH €ro Cpexsl Maia, W BpPeMs pas3roHa
COOTBETCTBEHHO BEIIHKO.

3.3. CBOGOAHbLIN 3MEKTPOH B MarHUTHOM nore

PaccmMorpuMm  moBeneHHE 3MEKTPOHA B MArHUTHOM  MIOJIC.
MarautHOoe TOJE caMO MO ce0C HHMKAK HE MOXKCT MOBJIMITh HA
OPHUCHTALIUIO 3JICKTPOHA BCJCACTBHEC B3AMMHOIO YPABHOBCIIMBAHUS
BCEX CHJI, BO3JCHCTBYIOIIMX HA 3JICKTPOH CO CTOPOHBI IOJIS, MPUYICM
HE3aBHUCUMO OT CTPYKTYPbl CaMOro MAarHUTHOrO MO U
npeobaaanust B HEM KOJIBLICBOU R854 MOCTYHaTENbHON
COCTaBJISIOLICH ABIKCHUS d(upa.

B camom gene (puc. 3.2), B obnmactu 1 uMeer MECTO HPUTSIKCHUC
BUXpEH 3a CYeT NOTOKOB d(¢upa B IUIOCKOCTH PHUCYHKA, HO
OTTAJKWUBAHUS 3a CUCT BpAIICHUS rasa, TaK KaKk HampaBJICHUC
COMpSIracMBIX  MOTOKOB  Tra3a  OAWHAKOBO — B  CTPOHY,
MEPIICHOUKYISIPHYIO IUIOCKOCTH pUCYHKa. B oOmactm 2 — Bce
HAo0OpPOT — OTTAIKUBAHHUC BHUXPEH MPOUCXOAUT 34 CUCT BPAIUCHUS
MOTOKOB 3(upa B ILIOCKOCTH PHUCYHKA, & MPUTSDKCHHUE — 34 CHUCT
MMPOTHUBOIOIO’KHOTO HAMPABICHUS JABIDKCHHUI Tra3a B IIJIOCKOCTH,
MEPIICHANKY/ISPHON MIOCKOCTH pucyHka. [Ipu 3TOM cocrasistromme
cu, BBI3BAHHBIX  MOCTYNATCIBHBIM  JIBIDKCHHEM  3¢wupa,
VPaBHOBEIICHBI MEKIY COOOH, Tak K€ KaK M COCTABIISIOLINC CHII,
BBI3BAHHBIC BPAINATC/IbHBIM BHKCHUEM d(PHpa TAKKE YPABHOBCIICHBI
MEKIY COOOI.
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Puc. 3.2. YpaBHoBemmBaHWe [aBJIeHHil, IeliCTBYIONINX Ha 3J1eKTPOH B
MATHUTHOM I10JIe

IlonoxxeHrE CYIIECTBCHHO MCHSCTCS, CCNM BHCITHCH CHJIOW,
HaanMep, 3J'ICKTpI/I‘lCCKI/IM I1I0JIEM, 3J'ICKTpOHy npnz[aHo
MOCTYIATCAPHOC ABIDKCHHE CO CKOpPOCThIO V. B 3tOoM cmyuae k
CKOPOCTH IOTOKA 3(Hpa B 3JCKTPUUCCKOM ITOJIE VIT O MOBEPXHOCTH
KOJNbLa  M00AaBISCTCS  CKOPOCTh  MOCTYMATCIBHOIO  JABHIKCHUS
3MEKTpOHA. Pa3HOCTh CKOPOCTEH, ICKAMUX B IUIOCKOCTH UCPTCKA B
obmactu 1 coctaBut

AV =V, +V, +V, (3.22)
a B 00y1acTU 2 COOTBETCTBEHHO
AV, =V, — V; + V. (3.23)

KBaI[paTLI HUX COOTBCTCTBCHHO PAaBHBI

(AV) 2=V + V2 + V + 2V,V + 2V,V; (3.24)
(AV2) 2 = V. + Vi = 2V,V + V4 2V,V - 2V, V. (3.25)
PasHOCT ~ KBQAPaToB  CKOPOCTE B HANpPaBJICHHU,

MIEPIIEHANKYIIIPHOM INIOCKOCTH PHUCYHKA, COOTBETCTBEHHO paBHA:
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AV =V, =V AV, =V, + V. (3.26)

31ech KBaapaThl PA3HOCTEH CKOPOCTEH COCTABSIT

(AV'1) % = V2= 2V + Vs (3.27)

(AV'2)? =V + 2V, + Vs (3.28)

CymMma KBaJpaToB CKOPOCTEH B KaxKA0H oOmactu OyaeT paBHa

(AV) 2+ (AV' )2 =2V, + 2V,7 + V' + 2V + 2V,v; (3.29)

(Av) %+ (AV'2) 2 =2V, 2 + 2v,7 + V +2V,V - 2V, (3.30)
a UX Pa3HOCTb COCTABUT

[(AV)* + (AV'1)*] = [(Av) * + (AV'1)*] = 4 V. (3.31)

B coorserctBum ¢ ypaBHenueM bepaymmn nmeem

P=p.C —pv?/2 (3.32)
H, CJICAOBATEIBHO,

AP = 2p,V,V. (3.33)

Cura, meiicTByrOIAs Ha SKBUBAICHTHYIO MOBEPXHOCTh JCKTPOHA
S.xe, OMPECICTUTCS KAK

F=APS = 2p S, \yw=[BV], (3.34)

YTO W COOTBETCTBYET 3akoHy JlopeHma ams JgBWKymerocs B
MarHuTHOM moje diekTpoHa. IIpm sToMm, kak BmaHo u3 puc. 3.3,
HATpaBICHUE CHJIbl TMCPHCHANKYISIPHO HANPABICHUIO JBIIKCHUS
JNIEKTPOHA.
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Puc. 3.3. IlosiBi1eHne OTK.]'IOHSIIOIJ_Ief/I CIJIbI IIpN JIBIM/KEHNU JJICKTpPOHA B
MAarduTHOM I10J1€

3.4. UupykTnBHOCTL. MexaHn3m aABneHus
CaMOMHAYKUUN

[IpucoeanHeHHbIe 3(QUPHBIE TOTOKK YIOXOONSIOTCS — CKATOU
NpPY>KUHE, 3araclieii MNOTEHIHAIbHYIO DHEPTUI0 U CTPEMSILEUCS
OTOABHHYTH J3JIEKTPOHBI Apyr OT apyra. llpm sToM mpuparieHne
JaBleHHsI OyJeT MPONOPLUOHATPHO BETHYHHE TOKA, MPOXOISIIETO IO
MIPOBOJHUKY.

s coneHonaa Takoe JaBieHUE OYACT NPOMOPLHOHATBHBIM YHCTY
AMIICPBUTKOB IW, TPUXOASIINXCS HA CAMHULLY €ro AIHHBI |:

p=—. (3.35)
|

B cucreme MKC emunmua toka [i] — kr¢”, mmuner [|]- M,
CIICAOBATCbHO, CAVMHUIA W3MCPCHUSA JABICHUS TPUCOCAUHCHHBIX
crpyit cocraut kr'm ~ ¢ umn H (Hel0TOH), T. €. Ty e, UTO U st

OOBIYHOIO JABJICHHUSL.
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PaGora, coBepmacmas mpu CKaTHH NPHUCOCIMHCHHBIX IOTOKOB
s¢upa, ompememseTcs Tak K€, Kak W paborta, coBepluacMas Opu
CKaTUM OOBIMHOW mpyxuHbl. Ecnmu nms OOBIMHOH TPY>KWUHBI CHNA
CKaTusl IPOIOPLMOHAIbHA Acdopmaruy, T. €.

F = kx, (3.36)

rie K — xoad¢umment ympyroctu, a COBEpIICHHAs paborta
OMpeACIUTCSA BBIPAXKCHUCM

X, kx,) F.’
W= JFdx=——=—— (3.37)
0 2 2k

rae F, - cuna cxatus OpyKUHBL, TO IS CKATHIX 3(UPHBIX TOTOKOB
OyzaeM UMETh Ha €IUHHLY JUIUHBI COJICHONIA

Pk W)’

2k 2 12

w= (3.38)

Comocrassst MOJTYYCHHOC BBIPAKCHUC C U3BCCTHBIM BBIPAXKCHUCM
AJI SHCPTUU COJICHOU A

p (iw)?
we——. (3.39)

oOHapyXHuBaeM, 4T0 (HU3UUCCKHIA CMBICT MATHUTHON NPOHULIAEMOCTH
BaKyyMa COOTBETCTBYET KO3 PHUUHEHTY yIpyroctu 3¢upa.

Ilpn mamuuuu xene3a B CEPACTHHUKE APOCCETS MATHUTHOE IIONE,
CO31aBaeMOE OOMOTKAaMHU COJECHOMAA, — VIOPSJOYEHHBIE IMOTOKU
a¢upa — TPATUT CBOK DSHEPTUI0 HA Pa3BOPOT JOMEHOB —
KOHTJIOMEPATOB MOJIEKYII kene3a. Takue KOHrIoMepaTsl HaXOAITCS B
CCPACYHHMKE B HE YIOPSIIOYCHHOM IOJIOXKCHUHU, OPHUCHTHUPOBAHBI B
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OpoOCTPaHCTBC BO BCCX BO3MOXKHBIX HAIPABJICHUAX OTHOCHUTCIIBHO
paBHomMcpHO. Ho mox Bo3melicTBHEM  MAarHUTHOTO — TOMST  —
YHOOPAAOUYCHHBIX KOJIBLICBBIX IIOTOKOB 3(1)I/Ipa, SIBJITFOIITUX CSI
pPE3YIBTATOM  YIIOPSMOYCHHOW  OPHUCHTAIIMM  DJICKTPOHOB B
TOKOHCCYINEM TIPOBOAC, — JOMCHBI TaKXKe pPa3BOPAYMBAIOTCS W
00pa3yoT MarHUTHOE MOJE CEPACYHMKA. 3ACCh VK€ MArHUTHOE MOJIe
npeacTaBisieT coboii HabOp BUHTOBBIX BHXPEBBIX TPYOOK, W €ro
CTPYKTypa, TakuM O00pa3oM, OTJIMYACTCI OT MAarHHTHOTO TIOJH,
CO31aBAEMOT'O TOKOM.

Taxkum 00pa3oM, UMEET MECTO MOCICAOBATE/IbHAS LICITb COOBITHI:
3JEKTPUIECKOE MOIIE B MPOBOJHUKE OOMOTKU COJICHOMJAA 3aCTaBIISCT
OJICKTPOHBI TPOBOAHHKA pPa3sBOpavYuBATLBCA TIJIaBHBIMHU OCIMHU B
HampasJICHUMU OCHU IIPOBOAHUWKA, 3TUM CaMbIM CO3JAKOTCS IIOTOKH
KOITBLICBOTO JABIDKCHHS 3¢upa Bokpyr mpoBoxHuka. IloToxu sdupa
OPOHUKAKOT B JKCTIC3HBIN CCPACYHUK U BBIHY>XKAAKOT JOMCHBI
PasBEpHYTHCS COOTBETCTBCHHO B OOINEM HATIPABJICHWM TaK, YTO OCH
BHHTOBBIX TI)Y6OK MAargmuTHOTO II0JIsI, CO3JdaBacMbIC JOMCHaMMH,
OPHUCHTHUPYIOTCA YaCTUIHO B O6H.IGM HarpapJICHUU, ICPIICHAUKYIAPHO
HarpaBJICHUIO BOSﬂeﬁCTByIOH[CFO Ha HUX BHCIHTHET O ITIOTOKA.

IMockompky Kaskgast Takas BHHTOBas TpyOka cCBsi3aHa C
COOTBCTCTBYHOIIUM JOMCHOM, HaXOAAIMUMCS B CBA3HM C OCTAJIbHBIM
MarcpuajioM CCpACYHUKA, TO OTHU CBA3U HANPIATAOTCI HOI[O6HO
NPY>KUHEC, U CCIIA BHCITHUM ITOTOK HUCYC3HCT, TO OHU BCPHYT AOMCH B
HCXOOHOE TOJOKEeHUEe. MarHuTHoe mole, CO3JaHHOE CEPACYHHKOM,
ncuesHer. Tak O6CTOI/IT ACTI0 C MArHUTOMSATKUM MaTCprUaIOM.

Hns MarHATOTBEpAOro Matepuana neiao obcrout wHave. Ecnum
COTNPOTHBIICHHC CBSI3¢H JOMCHOB B MaTepHalc yIAacTCs MPEOAONCTh
BHCITHUM IIOTOKOM, TO OHH MOI'YT W HC BO3BpaTUTh JOMCH B
HCXOOHOE COCTOSIHHME. Toraa MarHMTHOE IMOJE COXPAHUTCS U TOCIE
OTKJIFOUCHHSI TOKA U3 OOMOTKH COJICHOHIA.

Ho naubonee mpocteiM crtocoOoM ocaabaeHUs CBSI3CH TOMECHOB C
MarcpuaioM SABJIACTCA, KaK HM3BCCTHO, HarpcB MAarHUuTOTBCPAOIrO
MaTepuala BIUIOTh 0 €ro pacriiaBjicHus. Toraa BHEITHEE MArHUTHOS
mOoJIC JICTKO OPUCHTHUPYCT AOMCHBI B HY>KHOM HaIIpaBJICHUHU, a 3aTCM,
MOCJIC OCTHIBAHUS MATEPUAJA, MEKMOJICKYIIAPHBIC CBI3U 3aKPCIUISIOT
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JOMEH B O3TOM MOJOKCHUU. Marepuan CTaHOBUTCS ITOCTOSIHHBIM
MarHUTOM.

[Ipn Hammuvu xene3a B Apoccene oO0Inas 3amaceHHas SHEPrus
MarHUTHOTO MO OyAET NpONopLHOHAIEHA 00BEMY XKeTe3a:

# o (iw)?
W=V, (3.40)

IMockonbky 06BeM skemesa apoccens coctaBimsaer V, = Sl , rae
Sk — CCUCHHUE CEPIACUHUKA, a |, — ATMHA MarHUTHOW CHIOBOU JIMHUU B
CepﬂeqHI/IKe, TO HOHy‘II/IM

# o (W) 2
W= S|, (3.41)

2 1,72

r€ 4 — OTHOCHUTENbHAS MarHUTHAas MpOHHMLAeMOcTh Jkene3a. [locre
COKpaIlCHHI OyIeM UMETh:

ppe (W)’ Sw i i?
W= — S = U U =L , (3.42)
2 Ik 2 2
rac
Sw w |
L=uu = ; Ri=——. (3.43)
| R o Sk

3aece R, - MarHUTHOE COMPOTHUBJICHUE CCPACUHUKA.

Takum  obOpa3zom, momyueHa  oObiuHas  ¢opMmyna s
UHAYKTUBHOCTU KaTYIOKU C JKCJIC3HBIM CCPACUYHUKOM.

N3 M310KEHHOTO BWAHO, YTO PONb KEIC3HOTO CCPACUHHUKA B
UHAYKTUBHOCTU CBOAUTCA K TOMY, YTO B HCM 3aIiacacTCsa pCaKTUBHAIL



JBIZKEHIE JICKTPHYCCKUX 3aPSA/I0B 73

SHEPrust MArHUTHOTO 1oJst. Ho uist TOro 9To0Obl 3Ty HEPTUIO B HEM
co31aTh, HEOOXOAMMO COBEPIIUTH PAOOTY, T. €. MPOU3BECTH HOBOPOT
JOMCHOB JKEJIE3HOT'0 CEPACYHHMKA W IS 3TOTO MPEOAONETh YIPYroe
CONPOTHBIICHUE WX CBs3¢i. 3JTa paboTa NPOU3ZBOIUTCS MyTEM
MOBBILICHUST JABJICHUS B MPOCTPAHCTBE MEKAY IPOBOAHHKOM U
s)kenezoM. Camo 3TO JaBICHUE CO3JACTCS JJIECKTPUUCCKUM TOKOM,
TEKYIMM IO TpoBoAHHMKY. [losTomy oOmas 3amaceHHass SHEpPrus
MPONOPLUUOHANBHA KBAAPATY BEIUIHHBI TOKA.

JHeprus MocTynaTeabHOH CKOPOCTH 3(upa B BUXPEBBIX TPYOKax
BOKPYT NMPOBOJHHKA, HE UMEIOLIETO JKEIE3HOI0 CEPACYHUKA, H CCTh
SHEeprus MarHuTHoro noms. Ecnu ects xxene3Hslil cepiedHuK, TO Croaa
J00aBIIsIeTCsl IOTCHLUANBHAS SHEPTUS YOPYToro MmoBOpPOTa JOMEHOB
cepacuHuka. Bces 3Ta cHcTeMa HampsDKEHA M YOCPKUBACTCS B
HAINpPSDKCHHOM COCTOSIHUM TOBCPHYTBIMH B OOLIEM HAMPABICHUH —
BIONb OCH HPOBOJHHKA — dnckTpoHamu. CaMu K€ 3IEKTPOHBI
VICPKUBAIOTCS B 3TOM COCTOSHHH HAIPSHKEHHOCTBEO 3IIEKTPHYECKOTO
OTISL.

Ecmu snektpoiBmkymas cuia B HPOBOIHUKE MCYE3AET, TO
WCUE3aeT W TNPHUYMHA, YIACPKUBAKOMAS OJICKTPOHBI B  00LIEM
OPHMEHTHUPOBAHHOM HATPaBJICHUH, HCUEC3aeT H  [JAaBICHHE,
VICpKHUBAIOLICE MOTOKH B HANPsDKEHHOM COCTOSHUH. PaBHOBecue
HapyIICHO, W BECh MpoIecc obopauymBacTCss B  OOpaTHOM
HanpasieHuH. Terneps BHEIIHUE TOTOKHU d(Upa JaBsIT HA BHYTPCHHHE,
U THHUU KPYTOBOro TOKa 3(upa, COKpamasch, BXOIIT B MPOBOJHHUK.
Nx oHeprus TpaTtuTcs HAa YBEIMYEHHE TEIIOBOH CKOPOCTH
SJEKTPOHOB TMPOBOJHHMKA. B 3TOM H 3akmrodaeTcss MEXaHH3M
CaMOMHIYKLIUH.

OOpatHelii xox mpouecca mpuBoauT k Tomy, uto IC Ha
MPOBOAHUKE, CO3JaBacMas MEPEMCINAIOIINMUCS BHYTPb MPOBOIHUKA
MOTOKaMHU 3(¢upa, NprodpeTacT MPOTHBOMONOKHBIN 3Hak, 31a IC
OyZeT MpONOPLMOHATbHAS 3aMaCCHHOW SHEPTHMH HHAYKTHBHOCTEHIO,
T.€. BENMMYMHE UHIYKTUBHOCTH, CCITH K€ TOK OOPBIBACTCS HE CPa3ly, TO
SJICKTPOHBI CIIEC COXPAHSIOIErOCs TOKA MPOAOIDKACT — VICPKHBATDH
4yacTh JaBicHUs. Takum oOpa3oM, Ha KaYeCTBEHHOM YPOBHE MOMET
ObITH 000CHOBaHA u3BecTHAs hopmyiaa IJC caMOMHIyKIHH:
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e =— L di/dt. (3.44)
Buieoowt
1. CyIHOCTE  DJIEKTPUYSCKOrO  3apsga  KOHACHCATOpa

3aKITIOYAETCS B HAKOIUICHHH 3JIEKTPOHOB HAa OJHOM M3 €ro IUTacTHH
MPH OTTOKE TAKOTO K€ KOJIHYECTBA 3apsI0B C APYrod IUIACTHHBL
Haxortenne 3apsaoB co3gaeT MEXIY IUTACTHHAMH SIIEKTPHUIECKOE
T10JI€, TIPOTHUBOCICTBYIOMIEE TTOIIO, 3ACTABUBIIETO 3JIEKTPOHB BOUTH
B IUTACTHHBI, ¥ IPUTOK 3JICKTPOHOB MPEKPAILACTCS.

2. OtHOcHUTENBHAS AWSJICKTPHYECCKAs MPOHUIAEMOCTh BELIECTBA
€CTh OTHOLICHUE IUIOTHOCTU CBOOOAHOrO 3(upa B IUIICKTPHKE K
IIOTHOCTH 3¢upa B BakyyMe. B pesyaprare HampsyKCHHOCTb
3JIEKTPUIECKOTO IO YMEHBIIAETCS U PAaBHOBECHE YCTAHABIMBAECTCS
MPUTOKOM JOTOTHHUTEIBHBIX 3ICKTPOHOB.

3. TloToku >¢upa B BHHTOBBIX TPYOKAaX 3JICKTPHYECKOTO IO
HOCSIT CTAllMOHAPHBII XapaKTep M B AMAJICKTPUKAX MPHUBOASAT TONBKO
K CMCIICHUIO — JIMHCHHOMY HIIM VIJIOBOMY MOJEKYI BELIECTBA, NPU
STOM SHEPrus MOJsl 3aTPavrBacTCs TOJIBKO HA MEPEXOMHBIN Mmpolecc,
KOTOPBIH caM Mo ceOC HOCUT PEaKTHBHBIA XapaKTep.

4. Cuna, IEHCTBYIOLIAs CO CTOPOHBI 3JCKTPUYCCKOrO IONS Ha
CBOOOAHBIN 3ICKTPOH, YMEHBINACTCS MO MEPE €ro pasroHa, u Mpu
JOCTIDKEHHH 3JIEKTPOHOM CKOPOCTH, PAaBHOH CKOPOCTH CBETa
CTaHOBHTCS PaBHOU Hym0. IMEHHO 3TUM 0OBSCHSETCS TOT PAKT, YTO
SJCKTPUYCCKH 3apSDKCHHBIC YACTULBI SJICKTPHYCCKHUM TIOJEM HE
MOT'YT OBITh Pa30THAHbI JO CBEPXCBETOBBIX CKOPOCTEH.

5. Jasmenue d3¢upa Ha CBOOOAHBIA W HEIOABIDKHBIA B
MIPOCTPAHCTBE JJIEKTPOH YPaBHOBEWIEHO, HO €CIM  JJIEKTPOH
MEPEMEIIACTCS OTHOCHTENBHO MAarHUTHOTO TMOJS, TO PaBHOBECHC
JABICHUH Ha PA3HBIX YYACTKaX JJIEKTPOHA HAPYIIAETCS, U SJIEKTPOH
HAYMHACT CMCIIATHCS B CTOPOHY OT MPSIMOTHHEHHOTO HApPaBJICHHS.
6.  OU3WYCCKMIA CMBICI MATHHUTHOW HPOHHUIIAEMOCTH BaKyyMma
COOTBETCTBYET K03 puuumeHTy ynpyroctu 3dupa.
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JdupoanHamMIueckOe NABICHUE CO CTOPOHBI BHXPEBBIX TPYOOK
MarHUTHOTO TOJISl HA 3JCKTPOHBI, CO3JABIINE 3TO MArHHUTHOE MOIC,
HUMEET TY KE Pa3MEPHOCTb, YTO M y OOBIYHOTO Ta30BOTO JABJICHHS,
9TO M €CTh IMOTCHUHWAIbHAS JHCPTUS MArHUTHOTO MOJSI, KOTOpas
CO34acT 3.A.C. CAMOMHAYKLUH IPU HCYC3HOBCHUH 3.1.C. MCTOYHUKA
TOKA.
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naBa 4. AnekTpoMarHUTHbIE
B3aumoaencTBus

4.1. CunoBoe B3aumoaencTeue NpoBOOHUKOB C
TOKOM.

Kakx w3BecTHO, TIpW MPOTEKaHWM 10 JBYM TNAPaAIICIbHBIM
NpPOBOAHUKAM  TOKOB  HNPOBOJHUKH  HCHBITBIBAIOT ~ B3AaUMHOE
HNPUTSDKEHUE, €CIIH TOKU TEKYT B OJHOM U TOM K€ HAIIPaBJICHUU, WU
OTTAJIKUBAHUE, €CIM HAIPABICHUS TOKOB IIPOTHBOIIOIOXKHEL. B
COOTBETCTBMHM C 3aKOHOM Awmmepa cuia  B3aUMOXCHCTBUS
NapajuleIbHBIX IPOBOJAHHUKOB C TOKOM B BaKyyMe OINpPEAEIseTCs
BBIPAXKCHUEM

1l
F= —pto— (4.1)
4md

rac u, = 4m 107" Tu'm™' — MarauTHAS MPOHULIACMOCTh Bakyyma; | u |,
— BCNWYMHBI TOKOB B TECPBOM W BTOPOM MPOBOTHHKAX; | — amuHa
MPOBOAHUKOB; d — PACCTOSIHUE MEXKTY UX OCSIMHU.

IlpuBeacHHOEC W3BECTHOC BBIPAXKCHHUC COOTBETCTBYCT OITBITHBIM
JAHHBIM,  OJHAKO, HC  BhIpaXkaeT  (PUIMUYCCKOW  CYLIHOCTH
B3aUMO/ICHCTBUSL MPOBOAOB ¢ TOKOM. Jljisi moHUMaHMs (HU3MUCCKON
CYIIHOCTH PACCMOTPUM B3aMMOACHCTBHC JABYX DSICKTPOHOB —
VIUIOTHCHHBIX TOPOUAATBHBIX BUXPCBBIX BHHTOBBIX KOJICI] IIAPOBOM
(opMBI, PACIOIOKCHHBIX KAXIbI B OXHOM U3 JABYX IIPOBOJIOB,
PaCIIOIO’KCHHBIX MAPATIIICTEHO OTHOCUTCIBHO APYT APYTA.

DNICKTPOH, HAXOMALIUICS B MECPBOM MPOBOAC MO BO3ACHCTBUEM
TOPOMIATHHOW COCTABIIAIOIICH JABIOKCHHS SJICKTPHUUCCKOTO  ITOJIS
pa3BOpavYMBACTCS TaK, UTO TJIABHAS OCh JICKTPOHA OKA3BIBACTCS ITOX
VIJIOM K TPOAOJBHONH OCH mpoBOAa MeHbInuM, udeM /2. s
MPOCTOTHl BBIBOJA TOJOXKHAM, YTO TJIABHBIC OCH 3JICKTPOHOB U OCH
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MPOBOAOB COBMAJAIOT IO HAMPABJICHHIO, PEANbHBIA yroi MOBOPOTA
OyJeT yUTCH B JATbHCHIIICM.

B coorBerctBum ¢ 3akoHoM buo-CaBapa TopomzaibHas
COCTaBISIIOIIAS BUHTOBOM CKOPOCTH 3(HPHOrO IOTOKA YOBIBACT
MPONOPLHOHANBEHO KyOy PacCTOSHHS, a KONbLIECBAasl B COOTBETCTBUH C
Teopemoid ['aycca — TIpOMOPLMOHANBHO KBAaAPaTy PACCTOSHHSL
[TosToMy B AanmpHEHIIEM TOPOHIANBHAS COCTABISIOLIAS CKOPOCTH HE
VUUTBIBACTCS, 1 MOXKHO CHHTATh, YTO B3aHUMOJCHCTBHE 3JICKTPOHOB
OCYILIECTBISICTCS. TOJBKO IMOJ BIFSIHHMEM KOJBLICBOM COCTABIISIOLICH
[MOTOKOB 3(hUpa BOKPYT ICKTPOHOB.

CkopocTh TEpEeMELICHUSI JJICKTPOHOB BIONb MNPOBOJA IpHU
MOCTOSSHHOM TOKe BeamdamHOW |, A, cedeHmHm mpoBoga Sy,
COICPIKAHME CBOOOMHBIX SICKTPOHOB B Metamre N, M™, sapsue
OJHOTO 3JICKTPOHA € COCTABIISET:

Verp = ——— 4.2)
eN§g,

duznuecku B3aMMO/ICHCTBIC MEKTY MPOBOJHUKAMU
OCYIICCTBISICTCS 32 CUCT TOTO, UYTO COPHUCHTUPOBAHHBIC B
MPOCTPAHCTBE DJICKTPOHBI CO3Ja0T BOKPYT TMPOBOAHUKOB BUHTOBBIC
moToKM 3(upa, KOTOPHIE BOCIPUHUMAKOTCS KAK MArHUTHOC ITOJIC
TOKOB (puc. 4.1).

a) 6)

Puc. 4.1.B3auMo/elicTBUe 3JIeKTPOHOB B Mapa/lIeJIbHBIX IIPOBOJIHIKAX: d —
MpY TIPOTEKaHWM TOKOB B OJHOM HAaIlpaBICHWH; O IIpU TPOTEKaHNH TOKOB B
TIPOTUBOTIOTIOKHBIX HAITPABIICHUSIX

77
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Ipn nmapannenbHOM OPHEHTALUH 3IEKTPOHOB B O0OHX IPOBOJAX
HaITPABICHUS KOJIBIIEBOI'0 ABYDKEHHS BUXPEBOTO MO Vi M JIEKTPOHA
Vi Ha TOH CTOPOHE YACTHLEI, KOTOpas oOpamieHa K Imoaeo0pasyomum
BUXPSIM, TPOTHBONOJOXXHBI, TPAJUEHT CKOPOCTH  KOJBIIEBOTO
JOBWDKCHHSI OynmeT Oonblue, YeM ¢ MPOTHBOMONOKHOH CTOPOHBI, H
MO3TOMY JABJICHHUE d(Hpa HA CTOPOHAX MPOBOAOB, OOPAIIEHHBIX IPYT
K Apyry, OyJET MCHBIIE, YeM C MPOTHUBOIOIOMKHBIX.

B cooreerctBum ¢ ypaBHeHmeM bepHymam 3TH  gaBieHHs
OIIPEAETATCS BHIPAKEHUAMHU!

B obnactu a:
P=P,—py(Ve —Vi)/2; (4.3)
B obmacru b:
P=P,—p.[Ve —(Va — bow/or)I*/2; (4.4)

IIpeneOperas MampiM{ YICHAMH, HONYYHM PA3HOCTh AABICHUM,
JEHUCTBYIOLIUX HA 3JIEKTPOH:

AP =2p.VeVy, (4.5)

II€ Ve — CKOPOCTBh IIOTOKA 3(hUpa Ha MOBEPXHOCTH SNEKTPOHA; V; —
CKOPOCTb ITOTOKA 3(hHpa, CO3AAHHOrO IEKTPOHOM, HAXOAAIIHUMCS B
MEPBOM MPOBOAE, HA MOBCPXHOCTU SJCKTPOHA, HAXOJSIIETOCS BO
BTOPOM IIPOBOJE.

Ecmu Obl 37eKkTpoH BO BTOPOM HPOBOAE OBLI MOBEPHYT TaK, YTOOBI
HANpaBJICHHE €r0 TJABHOH OCH COBIAJATIO0 C HAMPABICHHEM OCH
MPOBOAHUKA, TO CHJA, ACHCTBYIOINAS HA OXUH 3JCKTPOH BO BTOPOM
IPOBOJE, COCTABUIIA OBl BEMUYNHY, PABHYIO:

F= 2p.VeVuSs.cou. =2p.VeVy Tl & (4.6)
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Ilpu yuere peaapbHOrO yria o, TMOBOPOTA 3JICKTPOHOB,
HaXO/SIIUXCS BO BTOPOM IMIPOBOJC, CHJIA BO3ACHCTBUSA Ha BCE
3JICKTPOHBI BTOPOrO MPOBO/IA COCTABUT:

Fa = poVe 4mre Vaia/2 = €NpVuaa/2, 4.7)

rJe € — 3aps ANIEKTPOHA; I, — KOIUYECTBO 3IEKTPOHOB BO BTOPOM
HPOBOJE.
IIpeobpaszyem BeipaxkeHUE A 3aKoHA AMIiepa

F 11,
— = (438)
| 4md

st Toka CrpaBeATMBO COOTHOMICHUC
I = VnpeSIpAcewNa (49)
II€ Vgp — CKOPOCTD IIEPEMEIIEHNUS 3JIEKTPOHOB BIOJIb IIPOBOJHUKA; € —

3apsad ONEKTPOHA; Sypeer — IUIOMAAb CEUEHHS HpoBogHHMKA; N —
KOJIMYECTBO JICKTPOHOB B CIUHUIIC 00bEMa METaLIA, TPHYEM

e = p.VeSe = 4T Viele (4.10)

30€Ch P, — IUIOTHOCTh 3(HUpa; Ve — CKOPOCTh KOJBLEBOTO IOTOKA
5(pupa Ha MOBEPXHOCTH 3JCKTPOHA, & — IUIOMIAJh IMOBEPXHOCTU
3JIEKTPOHA; 'e — PAAUYC DICKTPOHA.

IMoxcrasmsist BeIpaskeHUE IJIsI TOKA B 3aKOH AMIiepa ¥ y4uUTHIBas,
9TO

1o=11p,C, (4.11)

MOITy4aeM
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F V{pl eSmINl VHpZ eSmZNZ o eSmINl o eSmZNZ

| 4mp,c’d 4mp,d

2 2
OC14TC pavere S‘Ipl Nl OC24TC pavere SipZNZ

4mp.d

VerezNz (451
= 4np3verezs1p2N2a2 = p.Vy (cire). (4.12)
d

3mech V; — CKOPOCTh IMOTOKOB 3(Hpa, BBI3BAHHBIX MOBOPOTOM
3JIEKTPOHOB B IEPBOM NMPOBOTHHKE; (Circ) — cyMMapHas LUPKYISLIHS
3IEKTPOHOB BO BTOPOM ITPOBOJHUKE:

\4re2N2 (03]
Vy=— (4.13)
d
(circ) = 4nvere SipaNao; (4.14)
€ — 3apaa JJCKTPOHA; Vg MU Vg — CKOPOCTH  MCPECMCIICHUS

3MEKTPOHOB BAOIb IEPBOTO M BTOPOTO MPOBOTHHUKOB;, Spi U Sy —
IO CEUCHHUsT MEPBOro u BTOporo mpoBoAHukoB, N; u N, —
KOJIMYECTBO JJCKTPOHOB B CAMHUIC 00bEMA MPOBOJHUKOB; O] U 0 —
YTOJT MOBOPOTA MOTOKOB 3(hHpa B MPOBOJHUKAX, TAK YTO

01 = Vpi/C;  0n = Vig/c. (4.15)

Temepp Ta ke ¢opmyna 3akoHa Awmmepa mpuoOpena dYeTKHN
(pU3MUCCKUIT  CMBICT B3aMMOJACHUCTBHUS OJCKTPOHOB B IPOBOJAAX:
IPaAMEHTHl CKOPOCTEH MOTOKOB 3(Mpa HAa MOBEPXHOCTH BJICKTPOHOB
CO3JAfOT  JOMOJHUTETBHYIO  Pa3HOCTh  JABICHHWH,  3IEKTPOHBI
MPHOOPETAIOT JOMOIHUTEIBHYIO CKOPOCTh B HAIPABICHHH BTOPOTO
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MPOBOJAHMKA W OTHAIOT TMOMYYCHHOC TMPHUPAIICHUC HMITYJIbCa
MOJICKYJIaM CBOETO MPOBOJHHUKA. ITO W TMPUBOIUT K TIOABJICHUIO CHII
B3aUMO/ICHCTBUSL TPOBOJHUKOB. 34CCh HECOOXOAMMO OTMETHTh, UTO
MOTYUCHHBIC BRIPAKCHHS IS YIJIOB MOBOPOTA MOTOKOB 3dupa o H
0p HE €CTb YIJIbI TIOBOPOTA JJICKTPOHOB, KOTOPHIC CYIICCTBCHHO
6ompmie.  CpegHume  yrasl  moBOpOTa  Ocell  anmekTpoHa B
MPEANONOKHUTEIBHO MOXKHO OIMPEACIUTD Y€PEe3 OTHOLICHUE CKOPOCTH
JIBIOKEHUS JJIEKTPOHA BJONb MPOBOJAHUKA VIIP K CPEAHEN CKOPOCTU
TCIIJIOBOIO ABUXKCHUSA VT

B = tg B = Vig/Wi (4.16)

IlpencraBnser mHTEpeC OaTh HYHMCICHHYIO OLIEHKY HEKOTOPBIM
mapaMeTpaM, Yy4acTBYKOIIMM B CHJIOBOM  B3aUMOJCHCTBUHU
HNPOBOJHUKOB.

Ecim B 1ABYX mHpoBOAHMKAX TEYET B OJHOM HAIPaBJICHUH
MOCTOSIHHBIA TOK cuiaod lA, TO cuina OPUTSDKEHHs APYT K JOPYTY
MMPOBOJHUKOB, UMEIOIMUX UIMHY | M M PacHOJIOXKEHHBIX B OCIX Ha
paccrostHuM 1 cM JpyT OT Apyra, COCTaBUT

F=4m10" /4x-1072 =107 H.

B 5TOM ciyuae Kasplit mpoBoxHEK coxepxkut 10%  s1exTpoHos,
PACTIONOKEHHBIX APYT OTHOCHTENBHO Apyra Ha pacctosmum 1070 M,
T. €. KaKIBIA 3JICKTPOH HAXOAMTCS B MpeAciax OJHOH MOICKYIIbI
METajIa, CKOPOCTh MEPEMELICHUS SIEKTPOHOB BAOTb OCH COCTABIISICT
6,25-10° wm/c, a yrael MOBOPOTAa MOTOKOB 3(HpPa, BHI3BAHHBIC
TIOBOPOTOM 3JIEKTPOHOB, COCTABISIOT BCero mmmb 6,25-107%/ 3.10° =
2,08:10™"* pax. Takoif mamelif yronm MOBOPOTAa MOTOKOB 3dupa He
03HAYacT TAKOro JKC 3HAYCHHS yria MOBOPOTA CAMHUX 3JCKTPOHOB,
KOTOpBIT CYLICCTBEHHO OoONblle ¥ B JAHHOM CIy4ac s
temnepatypst +20° C cocrasiser

p= 62510"°/1,1510° =4-10™"" pan.
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Takum oOpazoMm, CHIIOBOC B3aMMOJCHCTBHE IPOBOJHUKOB
OCYHLIECTBJISIETCS HE 32 CUET MEPEMEILICHUS 3JIEKTPOHOB OTHOCUTENBHO
MPOBOAHMKA, a 3@ CYET COBMECTHOM OpHUEHTALMM UX CIIMHOB
OTHOCUTEIBHO OCH MPOBOJAHUKA, YTO IPUBOAUT K YIOPSIOUECHUIO
3(UPHBIX MMOTOKOB BHE IMPOBOJHUKA, KOTOPHIC U BOCIPHUHUMAIOTCS
KaKk o00pa3oBaHHOE TOKOM MATHUTHOC II0jC. JTH  I[MOTOKHU
BO3ACUCTBYIOT Ha JJIEKTPOHBI, MpUJaBass WM JONOJHUTEIbHBIN
HUMITYJIbC B TONEPEYHOM HAIPABJICHUH, YTO U MPUBOAUT K CHIOBOMY
B3aUMOJEHCTBHUIO IPOBOJHUKOB.

4.2. B3auMOMHAYKUUA NPOBOAHMUKOB

KaK HU3BCCTHO, B SJICKTPOTCXHUKC OTCYTCTBYCT IIOHATUC
«B3aUMOUHAYKIUA MIPOBOAHUKOB), XOTs HNMECCTCA IIOHATUC
«B3aUMOUNHAYKIUA KOHTYPOBY. I/I3 npcaACTaBJICHUA (6]
B3aMMOUHAYKIIUU KOHTYPOB HCJIb3d BbIBCCTU B3aMMOUHIAYKIIUIO
OTACIBbHBIX IMPOBOAHUKOB, ITOCKOJIBKY B (bOpMyJ'II:HLIX BBIPAXKCHUAX
B3aMMOMHAYKIIUU KOHTYPOB TIPUCYTCTBYCT ILJIOMAAb KOHTYpA.
HaoGopor, u3 mpeacTaBiCHUNI O B3AUMOMHIAYKIHMH OTACIbHBIX
MIPOBOAHHUKOB MOJIHO 6]:1.]'[0 6]:1 BBIBCCTU 3aKOHBI B3aWMMOUWHIAYKLUU
KOHTYpoB 000 dopmer. ITloatomy uenecoobpasno  HaiTh
3aKOHOMCPHOCTHU B3aUMOWHIAYKIUU ITPOBOAHUKOB.

B COOTBCTCTBUH C OOBIYHBIMU npeaACTaBIICHUAMUA
QJICKTPOAWHAMUKN IIPU HU3MCHCHHUU TOKa B IICPBOM KOHTYPC BO
BTOPOM KOHTYPC HABOAUTCA 3JICKTPOABIDKYIAA CUJIa

€y — — M21 dll/dt, (417)

rae M>, — k03pPHUIIUCHT B3aMMOUHIYKI[HH KOHTYPOB.

Ionstne B3aMMOWHAYKIIUU KOHTYPOB MOXKCT 6I:ITI: BBIBCICHO HA
ocHOoBaHUM 3akoHa Papaznes



JJIEKTPOMATHUTHBIE B3AMOIEHCTBIIS
S dB
ey =———, (4.18)
2w dt

rae S— miomaab KOHTypa; B — MarHUTHAS! MH YKLV,

Hecmotpss Ha TO uro cam 3akoH ®Dapazes W ypaBHCHUS
MaxkcBenna, TPUBOMAIMMEC K TOMY JKC 3aKOHY, BBIBCACHBI Ha
OCHOBAHUHU KOHIEHIMH 3(Hpa, MPEAIOIATAOMEM HEIOCPEICTBEHHOS
B3aUMOJACHCTBHUC 3JICKTPOMA-THUTHOTO TIONSI ¥ TPOBOAHUKOB, HAa
caMOM JCNIC 3ACCh SIBHO BBIPAKCHA KOHLICIINSA NATbHOICHCTBUSI,
MOCKOJIBKY TIPOLICCC W3MCHEHUS MArHHUTHOTO ITOJI MPOUCXOIUT B
OIHOM MeCTe (BHYTPH KOHTYpPA), SJACKTPOABIKYIIAS CUJIA TTOSBIISICTCS
B APYrOM MECTC — Ha ero nepudepun, a MexaHu3mMa B3aUMOACHCTBUS
TIOJISL C IPOBOJHUKOM HE OPEIyCMOTPCHO.

OxHako B APYroM 3aKOHE — 3aKOHE 3JICKTPOMArHUTHON WHAYKIIUN

= — Blv, (4.19)

rne B — wMarHuTHas wWHAyKOUS, | — JgiMHA  TIPOBOAHUKA,
MEPECEKAIOLIECr0 Moe; V — CKOPOCTh IICPEMCLICHHs IPOBOIHUKA
OTHOCHUTCIBHO MArHUTHBIX JuHUH (puc. 4.2), OTPa)KCH 3aKOH
OMM3KOACHCTBUS, MOCKONBKY 37€Ch MMEETCS MpsMasi CBSI3b MCEKAY
MAarHuTHbIM TIIOJICM U TPOBOAHUKOM — CKOPOCTH IICPCCCUCHUMA
OPOBOAHUKOM MArHuTHOI'O IO, XOTd MCXaHHU3M BO3HUKHOBCHUSA
IJC 31ech TOKE HE PACKDBIT.

Puc. 4.2. HaBenenne 3/IC nipu mepecedeHNN MPOBOTHIKOM IOCTOSTHHOTO
MATHHTHOT'O IIOJISI — 3JIEKTPOMArHUTHAST UH/TyKIIST
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Hns onpeaencuus IC B3aUMOMHIYKUMN ABYX MPSIMOYTOIBHBIX
KOHTYPOB HEOOXOAMMO MPUBICYCHUE 3aKOHA MOTHOTO TOKA

i =[Hdl, (4.20)
OTKyJa
H=i/27R 4.21)

rae R — paccrosiHue oT TOKOHECYIIEro mpoBOJAa A0 TOUYKH H3MEPEHUS
MarHUTHOM HAIPsDKEHHOCTH H.

! 1

N
~ \
A /‘ ~ o \}'}24
h/ ) \\\
2 2!
a) 6)

Puc. 4.3.K BbiBoay K03 unenTa B3anMOMHIYKIIHH KOHTYPOB

B coorBerctBun ¢ 3akonom @apanes kodpuUUMEHT B3aUMHOM
WHAVKIMA MEXKAY JOBYMS NPOBOIHBIMH IJTMHHSIMHU OMNPEACISCTCS
BEIpakeHHEM [45, c. 406]:

ot | o My
M, = In . (4.22)
2n 2 Iy 2
3mech 1y, I, M2, 7y — PACCTOSIHUS MEXKIY MPOBOJHHUKAMU
(puc. 4.3, a).

Ecau xoHTYpBI HAXOAATCS B OAHOH IIJIOCKOCTH, TO
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rm=d;ry =d+hl;r,=d+h2;r;»=d+hl +h2. (4.23)

3aece d — paccrosHHE MEXIY OMM3ICKALIMMHU MPOBOJHUKAMU
JIBYX KOHTYpOB; Ny m h, — paccrosHus MeXIy MPOBOAHUKAMHU B
KaKJOM KOHTYE.

BzaumubIM BnsiHEEM GOKOBBIX MPOBOAHUKOB B KOHTYPAX MOYKHO
mpeHeOpeub (MMPOBEPEHO SKCIEPUMCEHTANbHO). B asTOM ciywae
MarHUTHOE TIOJIC, BBIXOASALICEC M3 MPOBOJOB IMEPBOrO KOHTYPA,
3aXOAUT B ILIOLIAb BTOPOrO KOHTYPA, OCNA0ISIsCh 10 MEPE yAAICHHS
OT TOKOHECYIIMX MPOBOJOB IEPBOrO KOHTYpPa MO 3aKOHY MOJHOTO
ToKa (puc. 4.3, 0).

B coorBercTBun ¢ 3akonom dapanest 3MCKTPOABIKYIIAS CHIA BO
BTOpOM KOHTYpe mpu hy = h, = h Oy et onpeaensTsest BeIpakeHHEM

toul dip d+h dR  d+2h dR
e2m = — [] -] —=
2ndt  d R d+h R

o) diy (1+hd)®> 1di
= - In - M., (4.24)
ondt  1+2hd  dt

rac
Holt (1+hid)*  pou
M1 = In = f], (425)
2n 1+2hd 271
rac
(1 + h/d)?
fi=In—— (4.26)

1+2h/d'
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Kak BHAHO W3 TMOIYYCHHOrO BBIPAKCHHUS, C YBEIUYCHHEM
miommau koutypa IJIC Bo BTOpoM KOHTYpE HapacTacT OECpeaeibHO
o orapudmiraeckomy 3akony. [Ipu h >>d nmeem:

Mol h
M = —In—, (4.27)
21 2d

U TpU yCTpeMyIeHHH BenmduHbl N K OeckoHeYHOCTH KO3 (HUIEHT
B3aUMOHMHIYKIMY, MPUXOMIIMIACS HA CAWHUIYY [IHHBI KOHTYPA,
TaKKe  ycTpemusiercss K =~ OCCKOHEYHOCTH, XOTS © IO
Jorapu(pMHUICCKOMY 3aKOHY.

IMoaxox « oTOW K€ 3agadye HA OCHOBE  KOHLICIILIHH
OMM3KOACHCTBUS ~ MPUHLMIMATGHO  MCHSIET €€  IOCTAHOBKY.
MarauTtHOE MOJ€, BBIXOISLICE W3 MPOBOJHHUKOB IEPBOrO KOHTYPA,
MepeceKacT CHava a OMIKHUN MPOBOAHUK BTOPOrO KOHTYPA, a 3aTeM,
ocnabisisich MO Mepe YOAICHHS OT HWCTOYHHWKA, €ro JalbHHN
npoBogHuk. [lpu sTomM B mampHeM mpoBoxHuke HaBoautcs JJIC
MPOTHBOIOIOKHOTO 3HAKA [0 CPABHCHHUIO C OJMKHUM MPOBOIHUKOM,
M 3Ta 5C YMCHBIIACTCS B COOTBETCTBUH C 3aKOHOM ITOJTHOTO TOKA IO
MEpe yIOAlCHMsI AajJbHEr0 MPOBOJHHMKA OT MEPBOro koHtypa. Ecmm,
HarpuMmep, OIIDKHUN MPOBOAHUK HAXOJUTCS HA PACCTOSIHUHU B OCSX OT
OMIDKAMIIEro K HEMy MPOBOJHHKA IEPBOr0 KOHTYPA HA PACCTOSIHUH 3
MM, a [JaibHUH NPOBOAHMK — Ha paccrosauu 3 oM, T0 IC,
BO3HHKAOIIAS HA JaJbHEM MPOoBOgHMKE cocTaBuT Beero 10% ot I/C,
BO3HHUKAIOIICH HA ero OJIMKHEM MPOBOAHUKE, & €CITH HA PACCTOSHUU B
30 cM, 1o Becero 1%. Takum o00pazoMm, 34eCh HMEET MECTO
HAChIL[AEMasl 3aBUCUMOCTb, ¥ HHUKAKOTO OCCKOHCYHOIO YBEIMYCHUS
9/IC Ha BTOPOM KOHTYPE OBITh HE MOJKET.

OOmast 2MEKTPOABMKYINAS CHJIA, BO3HHMKAIOIIAS BO BTOPOM
KOHTYPE MPH TEX K€ YCAOBHSX M C YYETOM 3aKOHA IOJHOTO TOKa,
OIPEACITUTCS BHIPAKCHHEM



3ﬂeKTp0MaFHIITHLIe B3aIIMOHeﬁCTBIIﬂ
Uott IR, diy 2 1 | di;
Cy = — ( 1- + ) = M, (428)
2nd dt 1+ h/d 1+2hd dt
rae ko3 durpent B3anmonHaykuu M, paBeH
HottRap 2 1 pouRip
M, = ( 1- + )= fz, (429)
2nd 1+ h/d 1+2Hhd 2nd
rae
2 1
fb=1- + (4.30)

I+hd 1+2hd

3mech TPU  YCTPEMIJICHWH BenmuuMHbBI N K GECKOHEYHOCTH
KO3 GHUILIHUCHT B3aMMOMHIYKIIUH CTPEMUTCS K TIOCTOSIHHOM BETHYMHE

HokRap
My=—. (4.31)

2nd

Mexnay BeipakeHUsMH i M u M, uMeeTcs CYIIECTBEHHOC
pasmuume: ecnu ¢ yBenuueHueM ortHoiueHus h/d mepsast (yHKiws
CTpeMHTCSI K OECKOHEYHOCTH, TO BTopas (yHKIUsS orpanudeHa. [lpu
yIANCHUH OOpaTHBIX MNPOBOJHHKOB KOHTYPOB B OCCKOHEUHOCTH B
BBIDOKCHHHM  OCTACTCS  JHIIb  KOA(PPHUUUCHT  B3aUMOHHIYKLIMU
OMu3neKAMMX MPOBOAHUKOB. it MPakTHKH 3TO HMEET 0coboe
3HAYCHUE, MOCKOIBKY YacTO PACIONOKEHHE OOPATHBIX MPOBOIHUKOB
BOOOIIC HEH3BCCTHO (HAMpHUMEP, NPU 3a3€MJICHHU HMCTOYHHKA U
MPUEMHHKA CHUTHAJIOB).

B Ttex cayuasx, xorga h <<d, umeem
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Lo Idi h Lo I di
ey;=——— In(1+ —)= ———; (4.32)
2m dt d 2n d dt
ot IR, di
en=———" "7 (4.33)
2n d3dt

rae d — paccTostHEE MEKIY OCAMH OIMKAKNINETO KO BTOPOMY KOHTYPY
MPOBOJAHMKA TMEPBOTO  KOHTYpa; N —  paccrosHHE  MEXIy
MPOBOJAHUKAMH BTOPOTO KOHTYpa; | — myinHa KOHTYPOB.

3mech yKe MOSBISIETCS BO3MOXKHOCTh OINPEIETUTh KO3 (UIIMECHT
B3aUMOUHIYKIIUU OTPE3KOB MPOBOAHHUKOB,

Taxkum oOpasoM, kKO3(G(GUIMCHT B3aUMOUHIYKLUUU MPOBOIHUKOB
3aBHCHUT OT TOTO, KaKOW MPOBOJHUK SIBJSICTCS MEPBUYHBIM, a KAKOU
BTOPUYHBIM, U KO3((DHUIUCHTH B3aMMOHHIYKIMI IICPBOTrO MPOBOJA
CO BTOPHIM U BTOPOrO MPOBOAA C MECPBBIM Pa3IHYHBI, 3aBHUCSAT OT
PaanyCoOB MTPOBOIHUKOB U HAXOISITCS B COOTHOLICHUH

— = : (4.34)

4TO aHAJIornyHO Koddduumenty Tpanchopmaruu B Tpancopmarope.

Taxkum oOpasom, JJIC, HaBOgMMasT BO BTOPOM MPOBOAC CO
CTOPOHBI TEPBOTO MPOBO/A, COCTABUT BETUUNHY

bi Lot Rloi
e =— M, == 5 (435)
ot 2 d dt

OTKyAda HaBCACHHA HAITPAXKCHHOCTD



DJIEKTPOMATHITHLIE B3aNMOIEIHCTBIA
e o1 Uopt R0
Ez = — == Mz = - ) (436)
| ot 2n d dt
i
) o1 ot RO1
B My~ : (437)
[ ot 2w d dt

U A1 CHHYCOMAAJIBHOrO IepeMeHHOro Toka HaeeaeHHas JJC Oyxer
paBHa

Uopt Rl 1wl
6 =———. (4.38)
2n d
JKCIEPUMEHTAITBHBIC HCCIICAOBAHMUS B3aUMOWHIYKLIUU

MMPOBOJHUKOB MPOBOJUIOCH C TMOMOIIBIO JABYX OJHOMPOBOJHBIX
MPSIMOYTOJIBHBIX KOHTYPOB, ¥ KOTOPBIX [JIMHA MPUJICTA0IUX CTOPOH
cocrasisana 1 M. Ucnons3osancs nmposoyg tuma BIIBJI-0,35, BHemHMIT
JAAMCETP M3OJIMUU KOTOporo cocrasisut 1,5 mM. B mepBeIif mpoBox
MPOMYCKAJICS TMEPEMECHHBIN TOK PA3IHYHBIX YaCTOT, BO BTOPOM
m3Mepsinace HaBeacHHas JJC. V3aMeHsIMCh OAMHAKOBO PACCTOSHUS
h, u h, Mmexxay mpoBomHHKamMu KOHTYPOB. M3MepeHust POBOAMIHCH
MpPH 3HAYCHUHU TOKA B MCPBOM KOHTYpE, paBHOM | A, B auama3oHe
gactoT ot 50 I'tt 7o 10 kIt

OGe 3aBUCHMOCTH B OTHOCHUTENBHOU (hOPME OTPa’KCHBI Ha PHLC.
4.4, Tam >xe mpuseaennl 3aBucumoctu f; m f),  paccumranHbe
COOTBETCTBCHHO HAa OCHOBE MAaKCBC/TOBCKUX U 3(HUPOAMHAMUICCKAX
MPEACTABJIICHUA O MCXaHU3ME HABCACHHUS O3IC B  KOHTypax.
Kpectukamu 0003HAUCHBI 3HAYCHMSI, MOAYYCHHBIC B PE3YJIbTATE
MNPOBEACHHBIX U3MEPEHUM.
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Kak BuaHO u3 rpaduKoB, MOIYYCHHBIC PE3YIbTAThl MMOTHOCTHIO
yaoBiaeTBopsitor  ¢yHkupm  f,,  moayueHHOW — Ha  OCHOBE
supoguHamuueckux mpeAactaBneHuii o HaseacHuum JJC B
MPOBOJHHUKAX, W OTJIMYAIOTCS OT MAKCBE/UTOBCKOW 3aBUCHMOCTH T
yxke mpu 3HadeHusx h/d = 10 Gomee wem B 4 pasa B MEHBLIYIO
cropony. OT 3HAa4YCHUIl YACTOTHI W BEAMYHHBI TOKA B ICPBUYHOM
KOHTYpE PE3yAbTaTHI, MPEICTABICHHbIC OTHOCHTEIBHBIMU
3HAUCHMSIMH HE 3aBHCAT. TakuM 00pasoMm, MPOBCICHHBIC
HCCIICAOBAHMS 3aBHCUMOCTCH HABEACHHS 3AC B OOJBLUIMX KOHTYpax
(mmomazero Gomee 1 M°) MOKA3ATM HX CYMIECTBCHHO JTYHIIEE
COBIAJCHHUEC C  MPHUBCACHHBIMH  BBIPAKCHUSAMH, HOKCIH  C
MAaKCBEJTOBCKHMH.

[MonyuenHsle  pe3yabTaThl  MOATBEPAMIN  HE3aBUCUMOCTB
HAaBOOUMOM 31C OT IUIOIIAAW KOHTYpa MPH JOCTATOYHO OOIBIIOM
yIAneHUuH oOpaTHBIX MpoBOAHKUKOB. ClieqoBaTebHO, B JalbHEHIIEM
LENecoOOpa3Ho HCHONb30BaTh MPEICTABICHUE O B3aUMOWHIYKLHN
MPOBOJHHKOB.

A
ok 7
4 F
3 -
2 =
A
] 2
0 2 4 6 s 10 hid

Puc. 4.4. Pe3yabTaThl N3MepeHHs] HaBeJIECHHOIl 3/IC B INIOCKOM KOHTYpe:
sapucuMocTh f; (h/d) ~ M, u 3aBucumocts f, (hVd) ~ M.,.

Ioxaxxem CBsI3b MCXKOY 3aBUCHUMOCTSIMHAN CHJIOBOro
B3aUMOJEHUCTBUS MPOBOAHUKOB M B3aUMOWHAYKLHEN ITPOBOIHUKOB.
IIpeobpasyem BeipaskeHUE 3aKOHA AMIiepa



3ﬂeKTp0MaFHIITHLIe B3aIIMOHeﬁCTBIIﬂ
il
F=—tto— (4.39)
4nd
B HECKOITbKO UHYIO (hopMYy:
F 1
K(F)=——=—po — (4.40)
|2| 47'Cd

IMpul,=1Aud=1m k(F)=10"7 HMmA =10 (6Ge3pazm.).
BI:IHI/IH.IGM BI:Ipa)KeHI/Ie JJIA HaBeL[eHHOfI HaHpH>KCHHOCTI/I IS
NEPEMCHHOI0O CMHYCONAAaJIbHOI'O TOKA

%) o1 Mot R‘Ipllw
E, =— =— My =_ =k (F) 2R,w; (4.41)
| ot 2n d

31ech Ry, — paanyc TOKOHECYHIEro MPOBOAA; (@ — KPYropas 4acToTa
TOKa, Tekymiero B Hem. OTCroga cpa3y BHIHA CBSI3b MEKIY 3aKOHOM
Awmriepa i CHJIOBOrO B3aUMOJACHCTBHUS ABYX MPOBOJOB C TOKOM U
B3aUMOUHAYKIUENH MEXKIY HUMH.

Hecmotpst Ha TO, YTO mOMy4YeHHBIC 3aBUCHMMOCTU KO3 (duineHTa
B3aUMOUHAYKIMHA TPOBOJHUKOB JIYYIIE OTPAXarOT peEabHbIE
COOTHOIICHUS, (U3HNYCCKAs CYIIHOCTh MPOLECCa B HUX TAKKE HE
OTpakeHa.

M3 BelpakeHHS IS 3JICKTPUUCCKON HAMPSDKCHHOCTH IS
MEPEMEHHOT0 TOKA CIEAYET, UTO

e o1 topt ROl topt Rplod VO 0 Ry,
E,=—=-M, =_ = _ = =
| ot 2nd dt 2nd 2mp.cd
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2
PAVRVA Gl o 01 = B8 o Ry
= =20,V .2 Ny —
c ¢ d

(4.42)

ComnoctaBuM MOMYYCHHOE BBIPKEHHE C BBIPAKCHUEM TSI BOITHBI,
PacHpOCTPaHSOWEHCS BOKPYT MPOBOAHHMKA, B KOTOPOM TEYET
MNEPEMEHHBIN TOK:

OV,
E, =—2r.. (4.43)
or

31ech OV, /Or — TPAANEHT CKOPOCTHU KOJIBLICBBIX MMOTOKOB 3(hupa BO
BTOPUYHOM MPOBOJHUKE, BBI3BAHHBIX IMOBOPOTOM 3JCKTPOHOB B
MEPBUYHOM MPOBOAHMKE; [, — PaAUyC 3JICKTPOHOB BO BTOPUYHOM
IMPOBOIHUKE.

MarnutHoe 1071€, BO30YKICHHOE B OKPY’KAIOIIEM TOKOHECY LM
MMPOBOIHUK IMPOCTPAHCTBE, PACHPOCTPAHSICTCS KAK BOJIHA:

H = H(r)sinw(t — r/c), (4.44)

U, CIICIOBATCIbHO, KOJBICBAs CKOPOCTh MOTOKOB 3dupa Oyaer
PacIpOCTPAHATBCS TAK JKeE:

Vo = Vo (M)sino(t — r/c), (4.45)
OTKYyJa
OV, V(N
E,=——2r,=—72r.. (4.46)
or c

ComocraBnsss JaHHOE BBIPAKECHHE C BRIpakeHHUEM (4.42), MoxkeM
BHJCTh, YTO



:‘)J’lﬂKTpOMaFHIITHLIe B3aIMO/IeiiCcTBIIsI

HR
Vn(r) = Vere n2a1~ 5 (447)
d

u, TakuMm obpaszom, mnporecc HaeeacHus OJIC BO BTOPUUHOM
MNPOBOAHHUKE ICPBUYHBIM TOKOHCCYIUM IPOBOAHUKOM an06peTaeT
MPOCTOH (PU3MUECCKUN CMBICIT: SMCKTPOIBIDKYLIAS CHIA BO BTOPUIHOM
MPOBOJHUKE CO3JACTCs B PE3YIIbTATE MPOXOXKICHUS TPAIUCHTA BOITHBI
MOMIEPEYHON cKOpocTH 3¢upa, BO30OY)KIAEMOH B MPOCTPAHCTBE
QJICKTPOHaAMU TMCPBUYHOIO0 MPOBOAHUKA, TJaBHBIC OCH KOTOPBIX
YaCTHYHO COPUCHTUPOBAHBI BIOJb €rO OCH.

OnpeaeauM MOPSIOK BEIMYUH 3JICKTPOMATHUTHONH HABOJIKU B
kaberre mpu CIeAYIOIUX MapaMeTpax:

ceuenue mposoga 0,35 mm” (Ry, = 0,334 MM), TOK B TOKOHECYIIEM
mposoze | = 1 A; nmuna nposoxos | = 1 Mm;

paccTosHHE B OCIX MEXAYy npoBomamMu R = 2 mM; uactoTa
nepemennoro Toka f = 10 k.. 3JIC B oOpaTHOM MPOBOAEC MOXHO
npeHedpedb B CHIy €ro yIAJICHHOCTH. B 3ToM ciaydae HaBexcHHAs
IJ1C BO BTOPOM MPOBO/IC COCTABHUT:

i NoR 4107 -1-1-2m:10* 0,334
e =— =_ =2,1 MB. (4.48)
2nd 212

Takum o0Opa3oM, 3aBHCHMOCTb, MOJYYCHHAs Ha OCHOBAHUH
KOHLICITIMK ONU3KOACHCTBHUS, HE TONBKO ITYYIIE OTPAXKACT CYIIHOCTb
SIBIICHUSI, HO U JACT CYLICCTBEHHO OOJIEE TOUHBIA PE3YIbTAT.

K m3noxxeHHOMY cneayer 700aBUTh HEKOTOPBIE COOOPAKCHHUSL.

B paGore [46, c. 166] Obutd U3MEPCHBI HABOAKH Ha
napaenbHbIX nmposoxax tuma BIIBJI mpu MexxoceBBIX pacCTOSHHUAX
nopsiaka 2 mMm. bpuia momyueHa nuHeHHas 3aBHCHMOCTD OT YacTOTHI,
MPHYEM IPU TOKE B TOKOHecyieM mposozae 1A mpu gactore 10 k'
ObLITO MOMy4YeHO Ha BTopoM mposoje 20 MB/M. OxHako 3xech ciaenyer
V4eCTh, YTO  CYLIECTBCHHYKD  pPOIb  THPH  5TOM  HMEET
SJICKTPOANHAMMYECKAS COCTABILIOIAS, NPEBBHIIAIONIAS 3HAYCHHE
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3JEKTPOMATrHUTHOH COCTAaBJSIOUICH. JTO CBSI3aHO C TEM, UTO MEKAY
MPOBOAAMH CYIIECCTBYCT €MKOCTHASI CBSI3b, 4 CAMHU MPOBOJA 00IaAal0T
WHIYKTUBHOCTRIO mopsaka 1,6 — 2 wmkxl'a/m. M3baButscs oOT
SJCKTPOANHAMIYECKON COCTABISIOMICH MOXKHO JHIOb YACTHYHO
MyTEM SKPAHHPOBAHMSI TPOBOAOB, MIOCKONBKY 3KPaHBI TOKE 00IaAaI0T
pacnpeeIeHHBIM HHAYKTHBHBIM COMPOTHUBICHHEM.

@daktr 3aBHCHMOCTH  KO3(QQUIMEHTA B3AaUMOHHIYKLIUH  OT
COOTHOLICHUSI JUAMETPOB NPOBOXOB OBIT  TakkKe MPOBEPCH
skcnepuMmeHTanpHo. Kak  Obiio mokazaHo Bwime, koddguuueHT
B3aMMOHMHIYKIMH MPOBOIHUKOB 3aBHUCHT OT COOTHOLICHHS UX
JUAMETPOB. JJC, HaBOOMMAs BO BTOPOM IPOBOAE CO CTOPOHBI
MEPBOrO MPOBOAA, COCTABHUT BEIHMYUHY

bi o Riloi
€ = — Mz =- 5 (449)
ot 2n d dt

Js mepeMeHHOTo ToKa Yactoroi f ata BeamunHa cocTaBuT

Hopt Rl f 1
e =——, (4.50)
d

n cCiu BTOpI/I‘{HHﬁ nopoBOA JICXKUT HCIOCPCACTBCHHO Ha
MOBCPXHOCTU TICPBUYHOIO MPOBOJAHUKA, TaAK YTO PACCTOSIHUC MCKAY
OCsIMU  TIPOBOAHUKOB HCCYIICCTBCHHO OTIMYACTCA OT paauyca
TOKOHCCYHICTO MMpoBOAA, TO

er =pop | 1. 4.51)

Hns toka 1 A u gacrorel | ' npu anuHe mpoBomuuka 1 M
Beanuuna JJIC cocraBut

e, =4 10”7 B=1,25uxB.
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Kakx mnokazano  Beime, ko3(QUUUMCHT  B3aUMOUHAYKIUU
MMPOBOJHUKOB 3aBUCUT OT TOr0, KAKOH MPOBOAHHUK SIBJISICTCS
[ICPBUYHBIM, a  KakodM  BTOPUYHBIM, u K03 PUIHUCHTHI
B3aUMOMHIYKLUI IEPBOr0 MPOBOAA CO BTOPBIM U BTOPOTO MPOBOJA C
[IEPBBIM PA3TUYHBI, 3aBUCAT OT PaJUYCOB MPOBOAHUKOB U HAXOMSITCS
B COOTHOLIEHUH

MIZ R1p1
MZI Rnpz

)- (4.52)

Hamepenne naBoaumoit marHuTHbeiM monem JJIC  3aTpymHeHO
TEM, YTO OJHOBPEMEHHO H€pe3 PACIPEACICHHYIO EMKOCTh HABOIMUTCS
JC >reKTpOIUHAMHYECKOTO MPOUCXONKACHHUS, KOTOpas WMEET
MPUMEPHO HA  TOPSOOK  3HadeHwe Oompmee, uwem IJC
SJEKTPOMATHUTHOTO TMPOMCXOXKICHHS, MPHYEM W Ta, U JApyras
BCJIMYMHBI OJWHAKOBO 3aBHCAT OT ONHUX U TEX JKC MapaMeTpoB —
TOKa, YacTOTHI, pacroiokeHus. M naxke sxpaHupoBKa HEJOCTATOYHO
CHIDKACT  JJICKTPOAMHAMHYCCKYIO  COCTABISIOIIYID  Onarozaps
HAIMYHMIO PACHPEACICHHON HMHIYKTUBHOCTH y 9KpaHa. ITO
MACKHPYET BECh MPOLIECC, OTHAKO KAYECTBCHHYIO CTOPOHY BCE K€
MOKHO BBISIBUTb, HCIIONB3ysl MPOBOJA CYIICCTBEHHO PAa3HOrO
JUAMETPa, UCIOb3Ysl PH OXHOM U TOM JKE 3HAUCHUHU TOKA W YaCTOTHI
TO OJVH, TO APYroi mpoBoa u n3Mepsist HapeaeHHY0 JJIC Ha BTOpOM.

Jns mpoBepku 3aBUCHMOCTH K03 QHIIMeHTa B3aMMONHIYKLIUN OT
JUAMETPOB B3aWMOACHUCTBYIOIIMX MPOBOAHUKOB OBLT IOCTaBICH
SKCIEPUMEHT N0 onpeaencHuto Benmduabl JJC, HaBomumol ¢
OJHOTO NMPOBOAHMKA Ha apyrod. Ilpu 3TOM AMaMeTphl MPOBOIHUKOB
ObLH CyecTBeHHO pasHbiMu (0,5 MM u 5 MM), TIpUYeM OJUH U3 HUX
OBLJI MOKPBHIT XJTIOPBUHUJIOBOM M MATEPUATON H30IsLUCH (BHCIIHUN
JUAMETP MPOBOJHMKA C M30MAUMCH cOocTaBuil 6,5 MM), BTOPOA —
JAKOBOUW wm30msanuci. Mex)OCEBOEC PACCTOSHHUE COCTaBIILIO 3,5 MM.
[IpoBogHMKH TIIOTHO MpHieramy Apyr k apyry. Harpyska Ha BTopom
(u3mepuTenpHOM) mpoBogHuKe m3MeHsmack oT 10 go 1/3 Om. Croms
Majo¢ COMPOTHUB/ICHUEC HATPY3KH OBLIO HEOOXOAMMO IS yIAJICHUS
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E€MKOCTHOM COCTABJIAIOMICH HABOAKHM, YTO CACIATH ITOJIHOCTHIO HE
YAAI0Ch. 3aTeM MPOBOJHUKH 10 CXEME MCHSUTHCh MECCTaMH.

Ipomyckancst TOk BemuuuHOM 3 A, MCHONB30BAIUCH YACTOTHI OT
500 mo 4000 TI'm, BCe wW3MEPCHHUS NPOUZBOAWINCH C HOMOIIBIO
MAarHUTO3JICKTPUICCKUX MHPUOOPOB C TepMomapamu.  Pe3ynbraTs
M3MepeHus CBeIcHbI B Ta0. 8.2 u 8.3.

I C Ha BTOPHIHOM MPOBO/IE P TOKE B MEPBUTHOM NpoBojae 3 A,
JUTHHE MPOBOXHNKOB 1,7m
Tabnuya 8.2

Jlmamerp Jlmamerp UYacrora, I'11
TIEPBUYHOT O BTOPUYHOI'O 500 1000 2000 3000 4000
IIPOBOJIa, MM | TIPOBOJIA, MM

0,5 6,5 10MB | 19 44 83 122
6,5 0,5 15 32 64 99 125
Korp/kirp 1,5 1,68 1,45 1,08 1,025

Mepecyer IJC Ha BTOPHYHOM NPOBOJE NPH TOKE B NEPBHIHOM
nposojae 1 A, nimae npoBoHUKOB 1 M.
Tabauya 8.3

Jlmamerp Jlmamerp UHacrora, I'11
TIEPBUYHOT O BTOPUYHOI'O 500 1000 2000 3000 4000
[IPOBOJIa, MM | TIPOBOJIA, MM

0,5 6,5 2 MB 3,8 8,8 16,6 24,4
6,5 0,5 3 6,4 12,8 19,8 25
korp/kyTp 1,5 1,68 1,45 1,08 1,025

Kak BugHo w3 Tabmuu, KO3G(GUIUCHT B3aUMOUHAYKIUU
MMPOBOJHUKOB PEATBHO 3aBUCHUT OT TOTO, KaKOW M3 HUX SBISIETCS
TIepBUYHBIM, a kako¥ BropuaHbIM. [t 1000 I'y pacuernas sBemmanaa
IJ1C, HaBOIUMO¥H C MEPBUYHOTO MPOBOJHUKA MEHBIIECTO AUAMETPA HA
BTOPUYHBIN OONBINETr0 JHAMETPA MPU MPOCTOH MPONOPLHOHATBHOCTH,
JomwkHa coctaButh Bcero 0,09 MB, a mpm wx mnepecraHoBke
npoBogHUKOB — 1,16 MB. UM XOTS COOTHOIICHUS MOSYUCHBI HHBIMH,
YTO MOXET OBITh OOBSICHEHO, HANMPHUMEpP TEM, YTO MNPH  TaKou
OMU30CTH  TPOBOAHUKOB  Y)K€  HENb3d CYHTATh BECh  TOK
COCPENOTOYEHHBIM B WX OCEBOW JHHHUH, a TaKKE HAININEM
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EMKOCTHOHM (3MEKTPOANHAMHYECKOM) CBSA3M MEXKIY MPOBOAHHKAMH,
3aBHCUMOCTh KO3((QUIMEHTA B3aUMOMHIYKLUUA OT COOTHOLICHUS
JUAMETPOB MPOBOJOB HA KAYECTBEHHOM YPOBHE MOXKHO CUHTATh
MMOATBEPKIECHHOM.

Taxum oOpazom, SKCIICPUMEHTATBHO MOATBEPKAACTCS
BO3MO)KHOCTb M LIEIECOOOPA3HOCTh BBEACHHS B JIICKTPOTECXHHUKY
MPEACTABICHUI O B3aWMOMHAYKIHMH MPOBOAHUKOB, HA OCHOBE
KOTOPBIX YK€ MOKHO ONpPEACTSATh W B3aMMOHMHIYKLIUIO KOHTYPOB,
MPOBEIs1 COOTBETCTBYIOIIEEC MHTCIPHPOBAHKEC.

4.3. dneKkTpuyeckumn TpaHcopmartop

Kakx wm3BecTHO, oajekTpuueckuii TpaHchopMmMaTop —  3TO
CTaTUYECKOE YCTPONCTBO, MPEAHA3HAYCHHOE I NpeoOpa3oBaHUs
Beanuubbl niepemeHabix JJIC u TokoB. Tpancdopmarop cocrour us
HECKOJIBKHX 3JCKTPHUYCCKH HE COCAWHEHHBIX M HEMOABIKHBIX IPYT
OTHOCHTEIBHO Apyra OOMOTOK, CBSI3aHHBIX MEXAY COOOH mMyTeMm
SJCeKTpOMarHUTHOW wHAyKOuH. OgHa w3 OOMOTOK — SIBISIETCS
MEPBUYHOW, OHA MNPHUCOCAMHSACTCS K BHemHeMy wuctouHuky /C,
ocTajbHBIC 0OMOTKH sIBIIsitOTCsL BTOpuuHbiME, JJIC B HUX BO3HHKACT
B PE3YJIbTATE MEPECCUCHUS MX CHIOBBIMHU JIMHHSIMUA MarHUTHOTO TOJ,
CO3aBAEMOr0 TOKOM TEepBUYHOH 0OMOTKU. C BTOPHYHBIX OOMOTOK
mpeoOpa3oBaHHOE MO  BEIHYMHEC  HANPSHKCHUE — MEPEAacTCs
MOTPEOUTENISIM SHEPTHH.

TpanchopMaTop ¢  JKENE3HBIM  CEPACYHHKOM  BCICACTBHE
3HAYUTEIBPHOTO YBENMYCHUS KO3 (ULMEHTA CBS3U MEXKIY 0OMOTKAMHU
MO3BOJSIET MPU  CYLHIECTBEHHO  MCHbIMX  rabapurax, ueMm
TpaHchopmarop 0€3 cepacyHHKa, MPEOOPa30OBBIBATH 3HAYUTEIBHO
OOJIBIIIE MOIIHOCTH.

Pacuer tpanchopmaropa ocHoBbIBacTcs Ha 3akoHe Dapanest

e= — uu,SoBot, (4.53)
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rIe e — 3JAC, BO3HHUKAIMAs Ha OOMOTKE, HAMOTAHHOW Ha KEJIC3HOM
CCPACYHHKE, IUIOMAAb MOMEPEYHOrO CEUYCHUS KOTOPOro paBHA S U
MaTepHan KOTOPOro MMEET OTHOCHTEIBbHYIO MPOHHLIAEMOCTh 4; 0B/ot
— CKOPOCTh U3MCHEHHSI MATHUTHON UHAYKIUHU B cepacunuke. OObaHO
pacder O0OMOTOK TpaHCPOPMATOPOB MPOHM3BOAUTCS N0 APYrou
dhopmyiie, BeITeKaromel n3 3akona dapazaes:

= — 2muu W1 S/, (4.54)

rie e — JJC mHa o0OMOTKE, i — OTHOCHUTCIbHAS MAarHUTHAS
MPOHULAEMOCTh  JKENE3HOTO  CEpACYHHMKA, K, — MAarHUTHas
MPOHHUIIAEMOCTh BaKkyyMa, W — KOJIMYECTBO BHUTKOB oOMoTKH, f —
YacToTa MNHUTAIOIIETO HANpsDKEHWs WM Toka, | — aMmmmuTyzaa
MEPEMEHHOT0 TOKA, S — IUIOLIagb CCYCHUS CepACYHUKA, | — cpeaHsis
JUTMHA CUJIOBOH JIMHUY MArHUTHOTO MOTOKA B CEPACTHHKE.
Koadpdummenr tpauchopmarmu K mpu HCHACBIIICHHOM
CCPACUCHUKE MPHU 3TOM ONPEACTSICTCS KaK OTHOLICHUE YUCIIA BUTKOB
BTOPUYHOH OOMOTKH W K YHCIY BHTKOB NMEPBUYHON 0OMOTKU Ws (B
HEKOTOPBIX CIPABOYHHKAX OH OMPEICIICH Kak 0OpaTHas! BETHINHA):

k=w/w, = U,/U,. (4.55)

3mece U; m U, — HampspkeHHS Ha TICPBUYHON W BTOPHUYHOU
00MOTKaX COOTBETCTBEHHO IMPH OTCYTCTBHU HATPY3KH HA BTOPHUYHOU
00MoTKe TpaHchopmaropa (PEKUM XOIOCTOrO X0Aa).

IIpun ananu3e npuHImIma paboTel TpaHcopmaTopa BO3HHUKACT
cepusl BOIPOCOB!

1. Kakum oOpazoMm 3HEprusl mepemactcsi MAarHUTHBIM TIOJNEM U3
MEPBUYHON OOMOTKHU BO BTOPHIHYIO?

2. Kakyro pomp Urpacrt »KCIC3HBIA CCPACYHUK OIS YBCIUUCHUS
k03 puLmeHTa CBSI3M MEXKIY EPBUYHON M BTOPHYHON 0OMOTKaMu?

3. Tlouwemy mIpu CHIDKEHMHM CONPOTHBICHHS HArpy3kd BO
BTOPUYHOH OOMOTKE W YBEITHUYCHHH BCICACTBHEC 3TOTO B HEH TOKa
pacTer COOTBETCTBEHHO TOK B TCPBUYHOM OOMOTKE, T.€. KaKOB
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MEXaHHU3M BIIMSHIS TOKa BO BTOPHYHOH 0OMOTKE Ha BETUYMHY TOKA B
MEPBUYIHON 0OMOTKE?

OTBeT Ha MEPBBIA BOMPOC MPUHLUIHMAIBHO PACCMOTPEH BBIIIC
MpPH AaHANMHW3EC OJICKTPOMATHUTHOW B3aMMOCBS3H  MPOBOJHHKOB.
JJEKTPOHBI B MEPBHYHOM IMPOBOJHMKE IMOJ BO3ACHCTBHEM BHEINHCH
C opucHTHPYIOT CBOM OCH KOIBILIEBOTO BpalneHus (CHOUH) BIOJb
MPOBOAHMKA, B PE3yJIbTATE YEro BOKPYT MHPOBOJAHUKA BO3HHKAIOT
KONBLICBBIC TMOTOKH 3(upa MarHUTHOE MOJNE. JTH IOTOKH
pacmpocTpaHsIoTCs BO BHEIIHEE MpocTtpaHcTBo. Ecnu motok 3¢dwupa,
HATPaBICHHBII MEPIICHIUKYSIPHO OCH MPOBOJHUKA, CTATHYCH, TO BCE
JABICHISI HA TIOBEPXHOCTH 3JICKTPOHA YpaBHOBEIICHH! (puc. 8.14, a) u
HUKAKOW MPHUHYIUTCIPHOW OPHUEHTALMH OH HE MOoABepreH. Ecim ke
MOTOK 3(Hpa HE CTAMOHAPEH, TO B MPOBOIHUKE BO3HHUKACT IPAIUCHT
CKOpPOCTEH MOTOKOB 3(¢Hpa, 3TO HPHUBOAUT K HEYPABHOBCILICHHBIM
JABICHISIM HA TOBEPXHOCTU 3JCKTPOHA M CO3JACTCSI MOMECHT CHI,
OPHCHTUPYIOLINHA 3JCKTPOH TaKUM 00pa3oM, 4TOOBI €ro IJaBHAS OCh
(cTiiH) OpPHEHTHPOBATIACh MO OCH BTOPUYHOIO MPOBOAHUKA (pHc. 4.5,
0). Takum obOpasom, uzaer mpouecc nepegaun IC u3 mepBHIHOrO
MPOBOAHMKA BO BTOPHUYHBIH.

A LN
+ + 4+ + +
- o o L
Qo—GO

-
+ F F T + +FF+++ +FF++

s

9 0)

Puc. 4.5. Bo3neiicrBue noroka 3¢upa Ha 3JIeKTPOH B IIPOBOTHHKE:
a — BJIEKTPOH B CTAIMOHAPHOM IT0TOKE 3(Qupa; 6 — BIEKTPOH B I'Da/IIEHTHOM
ToToKe dpupa.

Ecmu BTOpUYHBIA HPOBOTHHK Pa30MKHYT, TO BosHuKmmas JJC
KOHLUEHTPUPYET 3JICKTPOHBI HA OJAHOM M3 KOHIIOB HPOBOJHUKA.
ToponganbHbIE TTOTOKH 3JEKTPOHOB, YK€ HAXOISAIIUXCS HA KOHIE
MPOBOJHUKA, CO3JAlOT HA OCTaNbHBIX 3ICKTPOHAX HPOBOJAHMKA

99



100 T'i1aBa 4.

MOMEHT CHJI, YPaBHOBEIIMBAIOIIMN MOMEHT CHJI, CO3JaBacMbIi
HABOAMMOM 31C, CMCIICHHE 3JCKTPOHOB BJOJb MPOBOJHUKA M HUX
MPUHYAUTCIBHBIN MOBOPOT MPEKPAIIAOTCS.

Ecnu ke BTOpUYHBIM NPOBOAHMK IMMOJKIIOYCH K HArpy3Ke, TO
3JIEKTPOHBI CMEIIAIOTCS, MPOTUBOACHCTBYIOMMI OPUEHTALIMA MOMEHT
oc1abeBaeT, BCE DJICKTPOHBI MPOBOJHHKA OPUCHTHPYIOTCS 34 CHUCT
Pa3sHOCTH MOMCHTOB  BO3ACHCTBYMOIIUX CHJI. Bo  BTOpUYHOM
MMPOBOIHUKE MOSIBJISICTCS TOK.

N3naracmas kauecTBCHHAS KAPTHHA B3aMMOACHCTBUS MAarHUTHOTO
[OJISL ¥ 3JICKTPOHOB MOCTATOYHO YCJIOBHA M B JAJbHCHIIEM JOJLKHA
OBITh YTOYHCHA.

Ecnu TpanchopmaTOop HE HMMEET JKEIC3HOrO CCPIACYHHKA, TO
MAarHUTHOC MOJC B MPOCTPAHCTBE PACIPCIACICHO HE HAIMPSLKEHHO,
3TOT MPOLIECC OMUCAH BBILMIC MPUMEHUTCIBPHO K B3aUMOACHCTBUIO
MPOBOIHUKOB U KOHTYpoB. OmHako eciu B TpaHchopmaTope ecTh
JKEIIC3HBIN CEPJCYHUK, TO KapTHHA CYIIECTBEHHO MeEHsercsa. Ecmu
BTOpUYHAs OOMOTKAa TpaHcopMaTopa Pa3OMKHYTa M TOK B HEH
OTCYTCTBYET, TO TpaHCc(HOpMATOpP SBISCTCA OOBIYHBIM APOCCEIIEM,
WHIYKTUBHOCTBIO C YKEJIC3HBIM CEPACYHUKOM, PACCMOTPEHHBIM BHIIIIC.
MarHutHOE TMOJE OKa3bIBACTCS 3AMCPTBIM B MHPOCTPAHCTBE BHYTPHU
JKEJIC3HOT0 CCPACYHHKA M TMO3TOMY [0 MEPE HApPACTAHHS TOKA B
[CPBUYHOM  MPOBOAHHMKE HAMNPATACTCS  MOJO0HO  CHKUMACMOU
MPYXKUHE. JTO CXKATHEC MArHUTHOTO IOJis MPEISITCTBYCT Pa3BOPOTY
3JICKTPOHOB B MECPBHUYHOM MMPOBOJHUKE, TAM TOK CTAHOBUTCS MCHBIIIC
TOrO, KOTOPbI ObiT ObI B HEM TMPH OTCYTCTBHH KCJIC3HOIO
CepACYHUKA. Torxa oOpasyercst CaeayroImast LEMOoYKa
B3aumozeticteuii: IJC ceru co3gaet B MCPBUYHONU OOMOTKE
3JIEKTPUYECKYIO HAIpPsDKEHHOCTh, MOJ  BO3ACHUCTBHEM  KOTOPOM
3JCKTPOHBI TICPBUYHON CETH OPHUCHTUPYIOTCA B IPOCTPAHCTBE,
co3iaBasi BOKPYT HHX KOJBLCBBIC IMOTOKA 3(upa. ITH MOTOKU
MMPOHUKAIOT B KCIIC3HBIM CEPACYHHUK M PA3BOPAYHBAIOT JOMCHBI, YE€M
HAMPSITAIOTCS CBSA3HM JOMCHOB C OCTaJbHBIM BCIICCTBOM CCPACYHUKA.
Yem Oomblue CEUEHHE JKEAC3a, TEM OONBIIC JAOMCHOB HYXHO
MOBEPHYTh. JTO YCHJIHEC HYEPE3 TMOJIC NEPEAACTCS JJICKTPOHAM
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MCPBUYHOW OOMOTKH, B PE3yIbTATe Yrojl MOBOPOTA 3JCKTPOHOB
OKa3bIBACTCSI MCHBIIIC, YEM CCJTH ObI JKEJIC3HOT0 CEPACYHUKA HE OBLITO.

Hanuawe JKEIIE3HOI0 CepACYHMKA MPEISATCTBYET
PacIpOCTPaHCHUIO MAarHUTHOTO TOJIS 3a €ro mpeaenisl. B pesysbrare
SHEPrusl JABJACHHUS MArHUTHOTO MO OOJICEC MOMHO HCIOIB3YETCS
BTOPUYHOH OOMOTKOH W TaM CO34aeTCS BO3MOXKHOCTH IS
MoAACPKaHUsT OXHOTO U TOoro sk¢ 3HaucHus IC mpu MeHbIEM
COIPOTUBIICHUH HATPY3KHU.

% LiﬁM
~grad H

a 6) 6)

Puc. 4.6. U3smeneHne rpajaieHTa HANPSKEHHOCTH MArHHTHOTO IIOJISI B
TpancopMaTope ¢ U3MEHEHNeM HArpy3KH Ha BTODHYHOI 00MOTKe. g — cXeMa
pa3MeIeHust 0OMOTOK B SKCIIEPUMEHTe; 6 — dIIeKTPUYecKas cXeMa SKCIIEPUMEHTa; 6
— U3MEHEHHE D5JIC Ha H3MEPUTEIbHONH OOMOTKE IIpH W3MEHEHMHM HAarpy3Ku Ha
BTOPUYHON 0OMOTKE; & — SKBUBAIICHTHAsI MEXaHMUYECKasl cXeMa Iiepejiaul SHEpruu B
ra30IpoBoie; | — MoNoXKeH:e YIIPYToif CTEHKH IIPH MaJIoM JiaBiieHud; || — rorosxeHue
VIIPYTO# CTEHKU IIpU GOJBINOM JABIIEHHHU; O — 3IIOpa JABJIEHUI B T'a30IIPOBOJIC; € —
SIIOpa CKOPOCTEH B Ia30IIPOBOJIE
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3mecp HamOonee ONM3KOH MEXaHHMYCCKOW AHANOTHCH SIBISCTCS
TpyOa, 3amoJHEHHAs ra3oM, Ha KOTOPBIH JAaBHUT HOpIucHb. B Tpyde
uMeercs TypOuHKa, cmocoOHas cosepuiate pabory. Iloka ona
HCTIOJBIDKHA, JABJICHHE ra3a BBICOKOC, OHO BBIPOBHCHO, MOPLICHB
HEMOABIDKCH M HE coBepmaer padotsl. OmHako eciu TypOWHKA
HAYMHACT BPaIlAThCs, COBEpIIas paboOTy, TO ra3 MPOIMyCKaeTcs 4epes
JomaTKH TYPOMHKH HA BBIXOJ TPYOBI, HAUMHACT BHITCKATh, B COCYAC
YCTaHABJIMBACTCS TPAAMCHT JABJICHUN OT MOPIUHS K OTBEPCTHIO, a
TAKXKE YCTAHABIMBACTCS OMNPEACICHHAS CKOPOCTh HCTCUCHHS Tasa.
IMopiens ke, mepemMernasich, coBepiact padoty (puc. 4.6).

Ecnmu crenku TpyObl He 00IaAarOT JOCTATOYHOM YHPYTOCTBIO, TO
Opyd  TOBBIIICHUM JaBJACHHUS Tra3 pPacWHpsieT CTCHKH TPYyOHI,
oOpasyercss mapauienpHBIA  TypOWHKE  BBIXOJ ra3a  BOBHE,
spdexkTuBHOCTE TYpOMHBI MagacT. B 3Tol aHagoruu pojb CTCHOK
TPpyOBI ~ BBINIONHSCT JKENE3HBIH cepacuHuk. [lpu  HachIeHUH
CCPACYHMKA OH MEPECTACT SIKPAHUPOBATH MATHUTHOE IO, YIIPYTOCTh
MOJISE CHIDKACTCS,, U YMEHBINACTCS JOJISI SHCPTUH, MOCTYMAOIIAS BO
BTOPHYHYIO OOMOTKY. Bce 3TO XOpoIIO COOTBETCTBYET H3BECTHOM
SKBUBAJICHTHON cXeMe TpaHchopmaropa.

Hanuune pa3oMKHYTOH BTOPUYIHOW OOMOTKH HHUKAK HE M3MCHSCT
curyauuo. OmHako ecnmu  BTOpHYHAs OOMOTKAa MOJKTIOYCHA K
Harpy3Ke, TO 4acTh YHEPTHU MOTOKOB d(Upa, CO3AaHHBIX MEPBUIHON
O0OMOTKOM, TepeaaeTcs MCKTPOHAM BTOPUYHOW OOMOTKH, CKOPOCTb
MOTOKOB 3(Mpa CHWKACTCS, a TPAIUCHT CKOPOCTH YBCIHYUBACTCA,
COOTBETCTBEHHO MPOIMOPLUOHAIBHO YBEIHUCHHUIO TOKA BO BTOPUYHOMN
0OMOTKE pacTeT TpaIueHT HAMPSLHKCHHOCTH MArHUTHOTO TIOJIS.

IIpoBepka 3TOro OOCTOSATENBCTBA MOKET OBITH  BBIMTOJHCHA
JOCTATOYHO mpocto. HeoOGXxoauMo pa3MecTHTh MEPBUYHYIO U
BTOPUYHYIO OOMOTKM TpaHcopmaropa HAa MPOTHBOIOIOMKHBIX
KOHLIAX JKETIC3HOr0 CEPJCYHUKA, & MOCPEANHE Pa3MECTHTh TPETHIO
O0OMOTKY, COCTOSIIYIO M3 ABYX OJMHAKOBBIX BCTPECYHO BKIIFOUCHHBIX
obmotok. Ha et mosBurcst IJIC, kotopast OyAeT yBeTHINBATHCS MPU
YMCHBUICHHH COMPOTHBICHUS HArPy3Kd M VBEIHYCHHS TOKa BO
BropryHOH oOmoTke. Jta IJC cBumeTenbcTBYeT 00 H3MEHEHUH
rpagieHTa MAarHUTHOTO MMOJS HPH HW3MCHCHHH TOKAa BO BTOPHYHOMN
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obmotke. IlocTaBneHHBIH SKCIIEPUMEHT 3TO MOTHOCTHIO MOATBEP M.
OnmHako 3TO HHMKAK HE BBITCKACT M3 CYLICCTBYIOIICH TEOPUHU
TpaHchopmaropa.

B oObrunbIX (hopmynax pacuera TpaHcopMaTopa 3aBHCHMOCTD
3JC ot Toro, Kak pacroloXeHbl OOMOTKH Ha TPaHCHOPMATOPHOM
CCpACYHMKE, HE TMPEAYCMOTPEHA, MOTOMY YTO B OOBIYHBIX
TpanchopMaropax HEPBHYHAS U BTOPHUYHAS OOMOTKH Pa3MELIAIOTCS
HEMOCPEACTBCHHO OfHa Han apyroi. OgHako W B 3TOM ciy4ae
HaOMIOAAIOTCS, HEKOTOPBIE HECOOTBETCTBHS pacueraM, HO HX
OOBSCHSIOT TaK HA3bIBACMBIMH MATHUTHBIMU IOJSIMH PACCCHBAHHSL
Ha camom e Jene, HECOOTBETCTBHE pacyeTaM HYKHO OOBSICHAThH
PasIHYHEM B PACIIOIOKECHHUSIX MEPBUYHON H BTOPUYHBIX OOMOTOK.

Kax yxe ykazeiBanmoce BbIIE, KO3(QQHUUHUEHT B3aWMOWHIYKLHN
MPOBOAHUKOB HEMOCPEACTBCHHO 3aBHCHT OT PACCTOSHHUS MEXIY
uumu. [loatomy ¢ yaanenuem oOMOTOK Ha TpaHCHOPMATOPE APYT OT
Japyra ko3¢ (UIHEHT UX B3aMMOUHAYKIIMH TAKXKE JOMDKEH CHUYKATBCSL.
s mpoBepkH 3TOr0 OOCTOSTENBCTBA OBIT BBINONHCH CIEAYEOIIUE
akcrepuMeHT (puc. 8.14).

Ha ¢eppuroBoM KOJBIC MMEIOIMUM BHEUIHHMA auaMeTp 98 M,
BHYTpPeHHHH Ariametp 60 MM u TommuHy 15 MM, ObLIH PACIOIOKCHBI
aBe 0OMoTkH 1o 10 BUTKOB, OIHA M3 KOTOPBIX MOTrJa MEpeMeInaThCs
BI0ab Kosbla (puc. 4.7, a). IlepBuunas oOMOTKA 3amMUTHIBANACE OT
3BYKOBOT'O T'€HEPATOPa, HA BTOPUYHOH OOMOTKE B PEKHME XOIOCTOrO
xoma m3Mepsack 3ac. M3mepenmns mpopogmmuck Ha dactotax 20 u
200 ', Pesyaprarel M3MepeHMii CBEACHBI B TAOMUIy U B BHIC
rpa¢uka moxaszassl Ha puc. 4.7, 0.

Tabnuya 8.4

HacroTa Harmpsbxkenue | Yroin pa3HeceHHs 0OMOTOK Ha CepJIeUHHKE, Tpajl
Ha BTOp. 00M., | (paccTOsiHUE MEXJIy IIeHTpaMu 0OMOTOK, MM)

ko3¢ . Tpane. | 0° 45° 90° 180°
(0) (30,6) (55,9 (79)

20 kI'1g U,, MB 149 141 136 134
Kp 1 0,949 0,913 0,899
200 kIt U,, MB 1534 1459 1401 1364
Krp 1 0,951 0,913 0,899




104 T'i1aBa 4.

k
& T;—-{ ----------

W,

05F
/8
/8 070 20 30 40 50 60 707 v
WI VV.?I
a) 6)

Puc. 4.7. 3aBHCHMOCTH OTHOCHTEJILHOTO 3Ha4YeHHS Kod(QuieHra
TpaHchopMaIH 0T B3aHMOPACIIOJIOKEHHSI 0OMOTOK: g — CXeMa PACIIONIOKEHHUS
0OMOTOK Ha KOJIBI[EBOM Cep/IEUHHKE IIPY IIPOBEICHUN SKCIIEPIMEHTa; 6 — N3MEHEHIE
ko3 durmenTa TpaHchopMaIy IIpU U3MEHEHNU PACCTOSHUS MEXK/Ty OOMOTKAMH.

Hexortopriii pa3dpoc mokazaHuii MOKET OBITH OTHECEH 3a CHUET
HETOYHOCTH (PUKCALIMU PACIOJIOKEHUS OOMOTOK MPH 3KCIECPUMEHTE.
Opnako WTOroBeiMi  pesyaprar — Ooace 10%  yMCHbLICHHUS
ko3 duumenta TpaHchOpMALMK 3a CUET pa3ABUraHus OOMOTOK Ha
o0IIeM cepIeYHHKE —HUKAaK HE MOXKET ObITh OTHECEH Ha 3TOT CYET,
TaK k€ Kak OH HE MOKET OBITh OTHECCH W HA CYET TPAJULHUOHHOTO
o0bsicHeHus 3¢ deKTa n3-3a MONeH PacCeMBAHUS MATHATHOTO MOISL.

4.4, dneKTpoMarHuTHasi UHaYKUUA.
Kaxk u3BectHo, 3aK0H 3JIEKTPOMAarHUTHOM MHAYKIIUU
e=— Blv (4.56)
OTPpaXaET TIPOLIECC HABEACHUS DSJIEKTPOIABIDKYIIEH CHJIBI € B

MPOBOJAHUKE JTHHON | MpW MEpeMEIneHUH ero co CKOPOCThIO V B
MAarHUTHOM TOJIC, HHAYKIUS KOTOpPOro pasHa B. OTO 3aKoH
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OJIM3KOJCHCTBYSI, HEMOCPEACTBCHHO OTPAXKAIOIIHNIA B3aUMOACHCTBUC
MAardUuTHOTO MOJIA U ABMXKYIIEr0OCs B HEM MPOBOJHUKA.

Paccmorpum usnyeckyro CyIIHOCTh JAHHOTO MpoLecca.

Kax ObL10 moka3aHO BBIIIE, OCHOBHBIM BHIOM ABIKCHUS 3¢upa B
MarHUTHOM TIOJIE SBJISIETCS BCE JKE HE BpallaTeIbHOE, a
MOCTYHATEIbHOS IBIDKCHHUE 3(HpPa, KOTOPOEC MOKET COUCTAThCS C
BpallaTeIbHBIM, HO MOXKET U HE COUETATHCAL.

Ilpu oTCyTCTBMH MAarHUTHOTO TOJIA, T.C. PU OTCYTCTBUU BHCITHIX
MOTOKOB 3(hupa, 3JACKTPOHBI B MPOBOAHHUKE HAXOMATCS B TCILIOBOM
JIBUOKEHUH, CPEIHEE IOJIOKEHHE MX TJIABHBIX OCEH paclpelcicHO B
npocTpaHcTBE paBHOMEpHO. [lojgokeHHME HE MEHSETCS, CCAM HYepe3
MMPOBOJHUK MPOHHUKAIOT MOTOKKA 3(HUPaA, MOCKOIBKY B KAKOM ObI
MOJI0’KEHUM HU HAXOAUIICS JIEKTPOH, BCE MOMEHTHI JABJICHUSI BOKPYT
HEro OyAyT YPaBHOBCIICHBI.

Buemaue mnoroku 3¢dupa — BHEUIHEE MAarHUTHOC IIOJC — HA
KaXJOM 3JIEKTPOHE CO3JAI0T JABJIEHUE TOPMOXKEHUS HA TOW CTOPOHE
3JCKTPOHA, KoTopas oOpameHa K TOTOKY. B cootrBercTBUU ¢
3aKOHAMHU Ta30BOM MEXAaHWKM Ha JTOH CTOpPOHE 0O0pa3yercs
VIUIOTHCHHE ra3a, OJHAKO H30BITOK 3TOr0 JABJICHUS, CO3AAFOIIUI
MOMCHT CHJIBI, OBITAFOIIHIIACS TIOBEPHYTh 3JIEKTPOH,
YPaBHOBEIIMBAETCS TAKUM >KE MOMEHTOM CHJIBI JAaBJICHUS HA APYroM
YYaCTKE TOTO K€ JIEKTPOHA.

Ecau >xe npoBOAHUK HAYMHACT ABUTATHCS OTHOCHTCIBHO IMOTOKOB
3¢upa, TO CHMMETPHUSI MOMEHTOB HAPYIIACTCS.

Puc. 4.8.1'[epe0pneHTaulm 9JIEKTPOHOB B IIPOBOJHUKE IIPN €ro ABMKEHUN B
MAarduTHOM I10J1€
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K xomsresomy Bpamenuro 3dupa m00aBISCTCI  CKOPOCTD
MEPEMEIICHASA MPOBOJAHMKA, W HAa OJHOW CTOPOHE DIICKTPOHA
CKOPOCTh  KONBLICBOTO JBIDKCHHUSI DJICKTPOHA CKJIAIBIBACTCS CO
CKOpPOCTBhIO ABHMIXKCHHUA IIPOBOAHUWKA, Ha INPOTUBOIIOJIOKHOM KOHIIC
BbrunTaercs. (puc. 4.8).

W3MmeHeHue AaBieHUST HA CTOPOHE 3JICKTPOHA, OOPAIICHHOM K
MMOTOKY, BBI3BIBACT YBCIMUCHUE IIOTHOCTH 3(Upa HA ITOH CTOPOHE
3JICKTPOHA, TAK YTO

P =Kpos Ky = kv > 1. (4.57)

3aece k, — xoadduument yseamuenus miaotHoctH 3dupa; K, —
KO3 GULIUCHT  MPOMOPLHUOHAIBHOCTH — MExaAy  koddduumeHToM
VBETUYUCHHSI IFIOTHOCTH 3(Hpa U CKOPOCTBIO BHEIIHETO MOTOKA d(dupa
V;, TIPOTIOPLIIOHATBHON 3HAYCHUIO MATHUTHOW MHIAYKLMU B.

N3MeHeHne nmaBiaeHUS HA TOM YYACTKE 3JCKTPOHA, KONBLIEBOE
JBIOKCHHE B KOTOPOM COBMAQJACT C JOBIDKCHHEM MPOBOJHHKA,
COCTaBJISICT

AP, =Ky, (V, + Vi), (4.58)

a Ha TOM VYaCTKC, THAC KOJBLECBOC  JBIDKCHUC  HMCCT
MPOTHUBOIIOJIOKHOC ABIKCHUO MPOBOJHUKA HATIPABJICHUC, N3MCHCHHC
JaBJIICHUSI COCTABUT

_ 2
AP = kp., (V. — Vi), (4.59)
rAe Vi — CKOPOCTh KOJBLIEBOrO ABMXKEHUS HA MOBEPXHOCTH 3JIEKTPOHA;
Vy; — CKOPOCTh NEPEMEIIEHUS TPOBOJHUKA.
PassocTh 3THX AaBICHUII COCTABUT

AP = AP, — AP, = 4K,p, V. Voo = 4K V.V, Vi, (4.60)

a BC/IMYMHA MOMCHTA, PasBOpavYnBaIOIICTO I'NIABHYIO OChb JJICKTPOHA B
HarpasJICHUN OCHU IIPOBOAHUKA,
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M = APsr, = 4KV Vo S, (4.61)

raie S — OKBUBAJICHTHAS 4YacTh MOBEPXHOCTH  3JCKTPOHA,
WCIIBITHIBAIOIIAS TTPEBBIIICHUE JaBJICHUS OT HAOEraroIiero moToka; I,
— paauyc 3IEKTPOHA.

IToBOpOT BCEX IICKTPOHOB CO3JACT JJICKTPOABIDKYIIYIO CHIY B
MPOBOJHUKE, MTPOMOPLHOHATIBHYIO 3TOMY VIJTy IIOBOPOTA, & CaM VIO
MOBOPOTA 3JICKTPOHA 0, OYJICT MPOMOPILHOHAJICH PAa3BOPAYUBAIOIIEMY
MOMCHTY

E ~o0, ~M~ v, ~ B\, (4.62)
HanpsDKSHHUC HA BCCU JJIMHE IPOBOJTHHUKA | 6y;[eT paBHO

e = El = Blv,. (4.63)

4.5. Bzaumopgencrteme noCTosAHHOro ToKka U MarHuTa

Bs3aumozelicTBue IMOCTOSSHHOIO MarHUTa C MATHHUTHBIM IOJICM
3eMiIH M3BECTHO C APSBHUX BpeMeH. B3anMoaeicTBUE e MarHUTHON
CTPEIKH C MArHUTHBIM ITOJICM, CO3AABACMBIM ITOCTOSIHHBIM TOKOM,
TEKYIIUM TI0 TPOBOJHHUKY, OBIIO OTKPHITO JaTCKUM (DU3UKOM
X.K.9pcremom Toapko B 1820 r. IMEHHO 3TO OTKPBITHC BHI3BAIIO
0O0JIBIIOE YKCIIO UCCIICIOBAHHIA, KOTOPBIC B KOHCYHOM UTOTC IMPUBEIN
K CO3JAHUIO BNCKTPOIUHAMHKH U 3JEKTpoTeXHHKH. OmbIT Jpcrena
MoKa3ajx, YTO HAMarHWYCHHAs  CTPEIKA, TOMCIICHHAS  HaJ
MPOBOJHUKOM C TOKOM, OTKJIOHSCTCS W YCTAaHABIMBACTCS IOIMEPCK
mposouuka (puc.4.9, a).

MexaHu3m — B3aMMOJACHCTBHUS  JIAMUHAPHOTO MMOTOKA  3¢upa,
C03JaBaCMOT0 TOKOM, MPOXOMSIMUM IO TPOBOAHUKY, W OCCBOU
COCTaBJISIIOLIEN MArHUTHOTO MOTOKA, CO3JAaBAEMOr0  CTPENKOM
kommaca, BuaeH u3 (puc. 4.9, 6). llpu mapamienpHBIX MOTOKaxX
TPAAMCHT  CKOPOCTCH  CYIIECTBCHHO  MCHBLIC, YEM  OpH
AHTUTMIAPAIUICIBHBIX TTOTOKAX, OTCIOAA M XapakTep B3aUMOACHCTBUS.
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He uckiaroueHo, 9TO BHUXPEBAs COCTAB/ISIOMIAS TAKKE YYIaCTBYET BO
B3aUMOJICHCTBUM MArHUTHOM CTPENKH C MATHUTHBIM  IIOJIEM
MMPOBOIHUKA, HO 3Ta COCTaBIAIOIIAs JOJIKHA ~ WrpaTth
BCIIOMOTaTCIbHYIO POJIb.

C mosuimii 3QUPOAMHAMUYCCKUX MPCACTABICHUI OOBICHCHUEC
3TOrO SIBJACHHUS 3aKIFOYACTCS B TOM, 4YTO B HEM IIPOSIBJISCTCS
B3aUMO/ICHCTBUE MEXKAYy MOTOKaMu 3(upa, CO3IaBACMBIMH BOKPYT
MPOBOJHMKA C TOKOM OPHUCHTHPOBAHHBIMH B  MHPOCTPAHCTBE
3JCKTPOHAMHM, TJIABHASI OCh KOTOPBIX YACTHYHO pa3BEPHYTA B
HAIPABICHHUH OCH MPOBOJHHKA, U MOBEPXHOCTHIO TOMCHOB >KEIIC3a,
OPUEHTUPOBAHHBIX BJOJIb OCH CTPCIIKU.

Maenumnas cunosas

_
% JUHUSA CMPETKU
920° P4 (HUMCHAS Yacmb)
7
—_— f
‘ AR AP
) \ Maznumnas cunosas
4 JUHUS NPOGOOHUKA
’; 8epPXHAL HACIb)
~ |,| e
a) 6)

Puc. 4.9.BBo3/1eiicTBHIO MOCTOSIHHOTO TOKA HA MATHITHYIO CTPEJIKY (OIBIT
IpcTena): a — cxeMa OIbITa; 6 — B3aUMOJICHCTBHUE IO MATHUTHBIX JIOMEHOB
CTPENIKU U MAarHUTHOTO TI0JISI IIPOBOJTHIKA C TOKOM

Kax BumHO M3 puCyHKa, KaKIbIi JOMCH OYJCT MCITBITBIBATH CO
CTOpPOHBI MOTOKa 3(upa, co3qaBAEMOro 3ICKTPOHAMH IPOBOTHHKA,
MOMEHT CHJI, ONPCACTACMBIA  ILIOTHOCTHIO 3dupa BOIU3M
MOBEPXHOCTH JOMCHA, CKOPOCTBIO MOTOKAa 3(Mpa Ha MOBEPXHOCTH
JIOMCHA, TPAIUCHTOM CKOPOCTH MOTOKA BONM3M MOBEPXHOCTH JOMCHA
W YIIIOM MOKIY HaNpaBjICHUSAMHM BHCIDHETO TOTOKa ddupa u
HATPABJICHUCM TIOTOKA Ha MMOBEPXHOCTH JOMCHA.

Hasnenue sdupa B 001aCTH MEPECCUCHUS MTOTOKOB OMPCACTUTCS
BHIPAKCHUCM:
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P = Py + porVaVycosa, (4.64)

rae Po, — maBiaeHue a¢upa Ha MOBEPXHOCTH JOMCHA MPU OTCYTCTBUHU
MarHUTHOTO TOJIS; s, - ITIOTHOCTH 3(Hpa HA MOBEPXHOCTH AOMCHA; Vy
— CKOpPOCTh MOTOKa 3(HUpa MArHUTHOIO IO Ha IOBEPXHOCTU
JOMEHA; V; — CKOPOCTb IMOTOKa 3(Hpa caMoil MOBEPXHOCTH JOMCHA; (
— YOIl MEXIY MOTOKAMH.

Otcroga cpa3y BHIHO, YTO MHHHMYM JaBICHUS OYIET HMETh
MECTO MPHU MPOTHUBOMOJIOKHBIX HAMPABACHUIX IOTOKOB 3(upa B
MarHUTHOM I0JIC€ ¥ HA TIOBEPXHOCTH JOMCHA, T.C. PH MAKCUMATbHOM
IpaaueHTE CKOPOCTU MOTOKA 3(Hpa.

ITockonbky ckopocTh MOTOKA 3GHUpa B MATHUTHOM IIOJE MHPSMO
MPONOPLUOHANBEHA BETHYMHE TOKA, TEKYLIETO B IMPOBOAHUKE, U
oOpatHO mpomopuuoHanbHa paccrossHuio D 10 Hero, a Takke
MPONOPLUUOHANEHA MAarHUTHOMY MOMEHTY CTPEIKH [, TO OOImuit
MOMCHT M., NEHCTBYIOMIMN HA CTPEIKY CO CTOPOHBI MPOBOJHHUKA,
OTIPEIEITUTCS. BEIPAKCHUEM

Ipcos a
M.=k——, (4.65)
D

roe k — xo3dduuMEeHT NPONOPLMOHATBHOCTH, < - YION MEXIY
CTPEIKOU U MPOBOJHUKOM.

4.6. Bzaumopgencreme noCTossHHbIX MarHUTOB

MarHuTHbIE CHJIOBBIC JIMHUW TIOCTOSIHHBIX ~ MAarHUTOB, B
MPHUHLUIE, TPEACTABISIOT COOOH BHUHTOBBIE TOTOKH 3(upa.
BeposiTHee Bcero, MarHWTHOE IOIE MPEACTABISIET COOOM CHCTEMY
BHUXPEBBIX TPYOOK, B KOTOPHIX MO mepudepun 3up nepeMeracTcs
BIONb OCH TPYOKH B ONHOM HANpaBICHUM, a IO LECHTPY — B
MPOTHUBOMOIOKHOM. TpyOKa MOXKET CTPYKTYpUPOBaThCs B HaOOP
BHHTOBBIX TOPOMAOB. B 3TOM OTHOIIGHUH CTPYKTypa BHXPEBBIX
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TpyOOK MAarHMTHOTO TIONSl HMMEET OMNPEIOCICHHOE CXOACTBO CO
CTPYKTYpOH BHUXPEBBIX TPYOOK 3NEKTPHYECKOH HHAYKLIHH C TOH
CYLICCTBCHHOW pasHHUIEH, 4TO TPYOKH SNEKTPHYECKON HHIYKIUH
HMMCIOT CBOMM HCTOYHHUKOM KOJBIIEBOE IBM)KCHHE MHKPOYACTHUL, a
MAarHUTHBIC TPYOKH — TOPOHUJATBHOC. DICKTPOH, MOMABIINKA B TPYOKY
SJCKTPUYICCKOH HWHAYKIMHM HCHBITBIBACT MOBOPOTHBI MOMEHT U
JOTNOTHUTEIPHOE  JaBieHHEe ddupa co CTOPOHBI HMCTOYHHKA.
JJEeKTPOH, TMONMaBMIMKA B TPYOKY MArHUTHOM HaNpsDKEHHOCTH,
HCHBITHIBACT TOIBKO IOBOPOT, a PAa3HOCTb [JABICHUI BO3HUKACT
TOJBKO MPHU €r0 ABHIKCHUU.

Eciu Obl MarHUTHOE TOJIE NPEACTABISLIIO COOOM  TOJBKO
JaMUHApHBIC TIOTOKK 3(Hpa, TO NMPH HUCCICAOBAHUIAX S(PUPHOTO BETpa
MaiikeaTbCOHOM M TOCIEAYIOIIUMH HCCICIOBATEISIMUA OHO OBLIO OBI
HEU30C:KHO OOHAPYKEHO KakK TMPOsBJACHHC OJ(UPHOrO BETpa Ha
MOBEPXHOCTH 3EMITH, TaK KaK MPH HANPSLHKEHHOCTH MArHUTHOTO HOJIS
3eman ot 33,4 A/M y skBaropa mo 55,7 A/M y mojroca CKOPOCTH
3(UPHBIX MOTOKOB COCTABIISLTH ObI COOTBETCTBEHHO OT 12,580 xm/c 1o
20,98 xm/c. QOpgmako 93TOH cocraBisOLmICH 3S(UPHOrO BeTpa
OoOHApYKCHO HE OBLIO, CACIOBATCIBHO, OHA ObLIA MCHBINE, YeM 3
KM/C, T.€. TOr0 3HA4YCHUs O(QUPHOrO BETPa, KOTOpOE OBLIO
obHapy:xero Mopiu u Munepom Ha EBkimimossix Beicotax B 1905 .

Taxkum o0pa3oM, NPUXOAUTCS KOHCTATHPOBATH, YTO OCEBAas
COCTABJISOLIAsl MOTOKA BAOAb OCH MATHUTHON CUJIOBOU JIMHUH, IO
KpaifHel Mepe, y MATHUTHOTO HOMS 3eMJTH HEBEIHKA 10 CPABHECHHIO C
BHUXPEBOH (BpalIaTelpHON) COCTABISIOMEH. JTO MOATBEPKAACTCS
TEM, YTO MATHUTHOC MOJIC 3eMJIH YOBIBACT C PACCTOSHUEM OT LICHTPA
3eMyIu MPOMOPIHOHAIBHO KyOy paauyca, T.¢. mo 3akoHy buo-Casapa.
OmHako 3TO HE 3HAYUT, YTO BO BCEX CAYyYasX MPOSBICHHUS
MarHUTHOTO OISl 3TO TaK.

Mexanu3m  B3aMMOJCHCTBUSL  ABYX IOCTOSHHBIX ~ MArHUTOB
OTJMYACTCS. OT HPUBEICHHOTO BBILIC. IIpu B3auMoneicTBUU
Pa3HOMMEHHBIX MOMOCcOB (puc. 4.10, a) B BO3AYIIHOM MPOMEXKYTKE
HATPaBICHIS BPALICHUS TPYOOK OKa3bIBAIOTCS OJMHAKOBBIMH, TaK JKE
Kak M HampaBJICHUS OCEBOro rmepememicHus oa¢upa, TPyOKu
O00BEOUHSIOTCSI, CKOPOCTH IOTOKOB BO3PACTAIOT, AABJICHHE B HUX
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majgacT, W BHCIIHMM JaBlicHHeM d(Qupa Tmomca MarHuTa
MOATATIKUBAIOTCS Apyr Kk apyry. [lpm B3ammoneiictBum ke
OJHOMMEHHBIX NOM0CcoB (puc. 4.10, 6) BpaleHne BUXPEBBIX TPYOOK B
BO3AYIDHOM  MPOMEXKYTKE  MEXKIY  MOIOCAMH  OKAa3bIBACTCS
MPOTHUBOIOIOKHBIM, TaK E KaK W HAIMPABICHUS OCEBBIX IMOTOKOB.
10 3acraBaseT TPYOKM M3rubarhCs, UYEM CO3AACTCA B HUX
BHYTpCHHee HampspbkeHue. JlaBiaeHue sdupa BoO3pacTaer, MONMOCa
OTTAJIKABAKOTCSL.

N
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a) 6)
Puc. 4.10. B3aumojeiicTBrie TOCTOSIHHBIX MATHHTOB. JUIS Pa3HOMMEHHBIX
TIOJIFOCOB (a); JUISL OJTHOMMEHHBIX IIOJTIOCOB (0)

B cnaydae NOCTOSHHBIX MArHUTOB T[JIABHYIO POJb  UIpacT
BpallaTeIbHAsI COCTABISIOMIAS ABIKCHUS 3(Hpa B BUXPEBBIX TPyOKax
MarHUTHOTO TOJISL.

Caeayer OTMETUTH TarKkKe, YTO HPOCTOEC BHHTOBOC JIBIIKCHUE
a¢upa, CoUETAIOIEEe MOCTYMATEIBHOE ABIDKEHHE C BPAINATEIbHBIM
0c3 CTPYKTYPHPOBaHUSI B HA0OP BHHTOBBIX TOPOHJOB, MOXKET TaKXKE
BOCIIPHHUMATBCSI KaK MarHUTHOE moie. Bce W3I0XKEHHBIC BBILIE
MOJOXKEHUS TSI TOTO BAPHAHTA OCTAOTCS CIPABETABBIMH.

Hns  BBIHECEHHST OKOHYATENBHOTO CYXKICHHS O CTPYKTYpe
MArHUTHOTO  MOJS  HEOOXOAWMO  TPOBOAMTH  CICLHUAIBHBIC
uccnenoBaHus. V3I0KEHHBIE BBILNIC MHPEACTABICHHS O CTPYKTYpe
MArHUTHOTO TMONSl HOCAT CaMBId MPCABAPUTCIBHBIA XapakTep H
JOJDKHBI YTOYHSATBCSL.
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Buieoowt

1. CunoBoe B3aMMOICHCTBUE MPOBOAHUKOB OCYIIECTBISIETCS HE 32
CHCT MEPEMEIICHHUS IEKTPOHOB OTHOCHTEIBHO MMPOBOJHUKA, & 32 CUET
COBMECTHOH OPHEHTALIMH MX CITMTHOB OTHOCHTEIBHO OCH MPOBOJHHKA,
YTO MPHUBOIUT K YIOPSIOYCHHUIO S()UPHBIX TOTOKOB BHE MPOBOIHHKA,
KOTOpPBIC U BOCIIPHHHMAIOTCS Kak OOpa3oBaHHOE TOKOM MATHHTHOC
ToJe.

2. Hasegenne JJIC BO BTOPHYHOM HPOBOAHUKE MECPBHYHBIM
TOKOHECYIIUM MPOBOAHUKOM CO3JACTCS B PE3YIbTATE MPOXOXKICHUS
rpaiucHTa BOJHBI IMOMCPEYHOH CKOPOCTH 3¢Hpa, Bo30ykKIAEMOH B
MPOCTPAHCTBE JICKTPOHAMU ICPBUYHOIO MPOBOJHHUKA, TNIABHBIC OCH
KOTOPBIX YACTHIHO COPUCHTHPOBAHBI BIOJb €r0 OCH.

3. Ilepenaua sHepruum U3 nepBUYHOI 0OMOTKU TpaHCHOpMaTOpa BO
BTOPYIO OCYIIECTBILSICTCS YEPE3 MArHUTHOE TOJE, PACIOIOXKECHHOE B
MPOCTPAHCTBE MEXKAY OOMOTKaMH, TMpU STOM BIUSHHC Ha
ko3 duueHT TpaHchOpPMALMKA  OKA3bIBACT PACCTOSHUC MEXKAY
00OMOTKaMH.

4. DJIC B [BWKYIIEMCS OTHOCHUTECIBHO MArHUTHOTO IIOJS
MPOBOAHUKE CO3ACTCS 32 CUET MOBOPOTA 3JICKTPOHOB B MIPOBOJHUKE.
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MnaBa 5. AnekTpoMarHuTHoe none

5.1. YpaBHeHusa MakcBernra u ux orpaHM4eHHOCTb

Pa3pabotka ruapoMeXaHUYECKHX MOJACTCH JICKTPHYCCKUX H
MarHuTHeIX sBjacHUA M B XIX B., M celyac eInc HATAJIKMBACTCS Ha
OonbIIME TPYAHOCTH, MMOCKOIBKY 3TH SIBJICHHUS BECbMa Pa3HOOOPa3HBI
mo ¢opme, a camMum MoAeaM MOryT Oa3MpoBaThCs TOMBKO Ha
MPEACTABICHUAX O TYPOYJICHTHBIX M BUXPEBIX ABHKCHHSAX JKHUIKOCTH
WJIH Ta3a, IO HACTOSIIErO0 BPEMEHH H3YUCHHBIX JAeKO He MOTHO. Tem
HE McHee, pa3paboTka MOJOOHBIX MOAETCH B MPOLLIOM IPHHECTA
OONBIIYIO MOTB3Y, IMEHHO 3TH MOJCTH JIEIJIH B OCHOBY BCCH TCOPUHU
3JEKTPOMArHETU3Ma M MO3BOJIIN CO3JaTh BCIO €€ MATEMATHYECKYIO
Gazsy.

[Ipaxrryecku BCE TUIPOANHAMHYCCKHC MOJCTH
SJICKTPOMATHUTHBIX SIBICHUH MOXKHO pa30uTh Ha ABe rpymnmnel. B
NEpPBOM TIpymHme MOAEACH MAarHUTHOE IIOJIE PAcCMATPUBACTCS Kak
MPOSIBJICHUE TOCTYHATENbHOTO ABIDKCHUSI 3(QHpa, a 3JICKTPUUIECKOE
MoJie — KAk MPOSIBIICHUC BPAIATCIBHOTO (BUXPEBOr0) ABIIKCHUS
s¢upa. Takod TOUKM 3pCHHUS NPUACPKHUBAIUCh, B HACTHOCTH,
I'T'ensmronsn, B.Tomcon, [x.Tomcon, H.IL.Kacrepun. Bo sTopoit
TPYIIIE MOJCTICH MArHUTHOE MOJIC PACCMATPHUBAIIOCH KaK MPOSBICHUC
BHUXPEBOrO JABIDKCHUS d(HUpa, a »dJICKTPUYECKOe TMOoNe — Kak
MPOSIBIICHUE TOCTYNATCIPHOTO JBIDKCHHS. OJTOH TOYKH 3PEHUS
MPUACPKUBAITICE, B 9aCTHOCTH, J[x.Makceemn u B.®d . Mutkepuy.

Ilycts 0, £, y — KOMIIOHEHTHI ckopocT 3¢upa, U, V, W — YITIOBbIE
CKOpPOCTH BHXpeH, a p3 — mmotHocth 3¢upa. C yderoM >THX
0003HAYCHUI 3amuIueM Il MEPBOM TPYMIBI MOJEICH CICTYIOLIHE
YPaBHEHUSL:

oa op oy
+ + =ps;
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% 0z
oa oy
0z OX
op oo.
_ . — = W’
oX oy

" OIIpCACIUM CIICAYIOIUC COOTBCTCTBUS!

p-— o — MATHUTHAS MMPOHUILIACMOCTh BAKYyMa;
a, B, y— H., H, H, — KOMIIOHECHTH MarHUTHOTO ITOJLS;
u, v, w— E,, F,, E,— KOMIOHEHTHI 3JIEKTPUIECKOrO MO,

Jist BTOpPOU TPYIIITBI MOJCIICH UMEEM CCTYIOIMUC COOTBCTCTBUS:

Ps — & — AABICKTPHUUCCKASI MPOHUIIAEMOCTh BAKyyMa;
a, B, y— E,, E,, E; — KOMIIOHEHTBHI 3JIEKTPUIECKOTO ITOJLS;
u, v, w— H,, H,, H, — KOMIOHEHTBH MATHUTHOTO IIOJS.

B mome3y mocnemgHMX IPEACTABICHUH  CBHAETEIBCTBOBAIIO
otkpeitoe Papaneem sSBIEHHE IMOBOPOTA IUIOCKOCTH TOJLIPHU3ALMH
CBETa B MArHUTHOM TIOJIE.

B Moaensx mepBoil TpymImel MPEACTABICHHE O MAarHUTHOM IIOJIE
KaKk O TOCTYNAaTECIbHOM JBW)KCHHH 3(Hpa NPUBOAUT K BBIBOAY O
BOZHUKHOBCHHH MAarHUTHOTO IMOMS NPU JTIOOOM ABIDKCHHU Yepes
a¢up, Yero Ha caMOM JelI€ HET M YTO BBI3BIBATIO CIIPABENIHUBYIO
KPHUTHKY CO CTOPOHBI aBTOPOB BTOpPOI rpymmel Moaenei. OmHako B
MOJCTSX BTOPOH TPYMITBI MPEACTABICHHE OO0 3IEKTPHYCCKOM ITOJE
KakK O MOCTYNAaTEIbHOM JBMKCHUH 3(Upa MPUBOIUT K aHATOTHYHBIM
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BBIBOJAM O BO3HHUKHOBCHHH OJJICKTPUUYCCKOTO IO MpPU JIFOOOM
JIBIDKCHUH depe3 ddup. ITO ABICHHUE TOXKE HE OOHAPYKCHO. Takum
00pa3oM, HEIOCTATKOM OOCUX TPYIMI MOJCICH SBIISIOCH UX SIBHOC
HCECOOTBETCTBUC ONMBITHBIM JAHHBIM.

Baxxuabim HEJIOCTAaTKOM CYILIECTBYIOIINX MoJeaeH
SJCKTPOMArHETU3Ma  SBHIMCh HACAIM3aUMs H  OcecrpedenbHOe
pacnpoCTpaHCHUE ABUXKCHUU 3(PUPHON KUIKOCTH U, KaK CJICACTBHE,
SJICKTPOMATHUTHBIX SIBJICHUH HA BCE MPOCTPAHCTBO, OKPYKAIOIICE
COOCTBEHHO 00IAcTh  3JCKTPOMATHUTHBIX  B3aUMOIACHCTBUH U
SBICHUN. JTa wWAcanu3auus SBHIACH CICICTBHEM MPEACTABICHHHA
I'eapMronpua 0 ABMXKCHHUSX KIACATBHOW CPEABI, COTIACHO KOTOPBIM
BUXPH HC MOTJIH HU TMOSBISATHCSA, HU YHUYTOXKATHCSA, & MOTJIM JIAIIE
MEPEMEIIATBCSA U MCHATHCS B CCUCHUH TIPU COXPAHCHUU ITHUPKY TSI
Takum 00pa3oMm, BONPOC O BO3HUKHOBCHHH ¥ YHHUTOKCHUH
BUXPCBBIX JBIKCHHN HE BO3HMKAI. MEXKIy TEM, BHUXPH MOTYT H
MOSIBIATBCA, W YHUUYTOKATBCI. OJTO TeM 0O0Iee TMOHATHO TIpU
PACCMOTPCHUU SIBIICHHUH, CBA3aHHBIX C MPOXOXKICHUCM IMEPEMEHHOIO
TOKa TO TMPOBOAHMKAM: MPH OTCYTCTBHU TOKA MATHUTHOTO TIOJS B
OKPYKAFOIIEM MPOBOTHUK MPOCTPAHCTBE HET, a MPY MOABJICHUH B HEM
oOpa3yeTcss MarHMTHOE IONE, T.C. BHXPEBBIC ABIDKCHHSA 3(upa.
Hanwumo npotusopedrie MO ¢ peanbHOCTBIO.

Kak wu3BecTHO, ypaBHEHHS 3JICKTPOAMHAMHUKH 1O MakcBemwty B
COBPEMEHHOM H300paskeHUU UMEIOT BUL [9]:

1. rot E=— dB/dt; 6.D
2.rot H=j + dD/dt; (5.2)
3.divD =p; (5.3)
4.divB=0; (5.4)

3neck E m H cOOTBETCTBEHHO HANPSLKEHHOCTHU 3JICKTPUYECKOTO U
marautaoro moneii; D = ¢é£ wu B = puH — COOTBETCTBCHHO
3JEKTPUYECKas] M MArHATHAas WHAYKIUW; & U [ — DJIEKTPUUYECKas H
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MarHuTHas TPOHMUIACMOCTH Cpeasl; | = oE — mmotHOCTH TOKA
MMPOBOAUMOCTU; ¢ — YJCNbHAs 3JICKTPOMPOBOJHOCTh CPEIBI, p —
IJIOTHOCTH 3JCKTPHYECKOTO 3apsia B Cpeae.

ITpu 3TOoM
[Ed
rot E =1lim ; (5.5
AS—0 AS
WH
oE, OE, oE, OF, oE, O0E
rot E= ( - )i+ ( — )+ ( — )k; (5.6)
oy 0z 0z ox ox oy
COOTBETCTBEHHO
[Hal
rot H =lim 5.7
as—-0  AS
oH, ©0H, oH, O0H, oH, O0oH,
rot H= ( - )i+ ( — )+ ( — )k, (5.8)

oy 0z 0z ox ox oy

BO BTOPBIX BBIPAKEHIX POTOP MPEICTABICH YEPE3 TPATUEHTHI.

Hns  pemeHns cucrtemMsl ypaBHeHHMIT Makcsenna BBOIATCA
CKaTSAPHBIA JNCKTPUYCCKHUH (@ W BEKTOPHBI MarHuTHbA A
ITOTEHIINAJIBI, TAK ITO

B=rotA; E=—-grad o — dA/dtL (5.9)
IIpu >ToM ecmu CKASIPHBIA HOTCHLMWAN ¢ HMECT (QU3HMYECKU

CMBICJT pa6OTI>I, KOTOPYIO HYKHO BBITIOJIHUTL U1 MCPCMCIICHUSA
CAUMHUYHOTO 3apsaaa u3 OCCKOHEUHOCTH B JAaHHYIO TOYKY
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SJICKTPUYCCKOrO TOJS, TO BEKTOPHBINA MMOTCHIIMAT UMECT JTHIINE YHCTO
MaTEMATHUYCCKHMI CMBIC]T KaK HEKOTOpas BCIIOMOTaTeabHas (pyHKIWS,
HCTIONIb30BAHUE KOTOPOH HMMECT JIMITh METOJUUCCKOC 3HAUCHVIC.

VYka3zanHbIC BBIIIIE YpaBHEHUS Maxkcsenna HUMEIOT
mupdepenumanpayio  Gopmy. MM COOTBETCTBYHOT — ypaBHCHUS
SJICKTPOINHAMUKY B HHTETPATBHON hopme

1. 3akon Dapazest 3IMEKTPOMATHUTHOH MHAYKIMH
e =JEd = - dow/dt. (5.10)
2. 3aKOH MOITHOTO TOKA
i = [Hdl = dg/dt. (5.11)
3. Teopema Octporpaackoro - ['aycca 1ist 31eKTPUUSCKOTO TTOJIS
@, =[DdS=q (5.12)
4. Teopema Octporpaackoro - ['aycca 1j1st MArHUTHOTO TTOJISt
®,,=|BdS=0. (5.13)
3nece @, u @, - COOTBETCTBEHHO TMOTOKH 3JICKTPHUCCKOTO
cvemenuss D u marHutHOU wHaykumu B CkBO3b 3aMKHYTYIO
MOBEPXHOCTh dS OXBATHIBAIOILYO CBOOOAHBIN 3apsi (.
Pasbepem mociaexoBaTeibHO QU3HUCCKUI CMBICTT YPABHCHHUIA.
1. Illepsoe oughpepenyuanvnoe ypasnenue Makceenna

rot E =— dB/dt (5.14)

" COOTBCTCTBYHOIICC CMY MHTCTPAIbBHOC YPaBHCHUC
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e =[Edl=- do,/dt (5.15)

BbIpaXKarOT TOT (baKT, uTO CCJIN B 3aMKHYTOM KOHTYPC HU3MCHACTCA
MarHUTHBIA MOTOK, TO B caMOM KOHType Bo3Oyxmaercs IIC e,
BEJIMYNHA KOTOPOH ONpENENUTCS YKAa3aHHBIMHU YVpaBHEHHMsSMH. B
YaCcTHOCTH, CCJIWM KOHTYP JICKUT B INUIOCKOCTH X), TO MarHUTHas
HUHAYKIUA UMCCT HAIIPABJICHUC OCHU Z HCpHCHI[HKyHHpHOﬁ IIJIOCKOCTHU
xy. Torma Oymem UMETh:

e,y = — uSAH/dt, (5.16)

rae S —miomaab KOHTypa.

1) IlpuBensecHHOE YypaBHCHHEC NPEANONATacT BO3MOXKHOCTb
M3MCHEHHUS! MATHUTHOW HAIMPSLKCHHOCTH BIOJB OCH Z 0€3 Kakoro Obl
TO HH OBLIO TOMEPEYHOro MEPEMEINCHMSI MArHUTHOTO MOMS B
npoctpancTBe. OmHAKO ClEAYET 3aMETUTh, YTO PEaIbHO TaKOrO
mpolecca B Npupoae He cymectByeT. Ha camom jgeme M3MeHEHUs
HANpPSDKCHHOCTH MArHUTHOTO IOl MOXKHO JOOUTBCS — TOJBKO
CTYIICHUEM CHJIOBBIX JTMHHUN M JOOABICHUEM UX B KOHTYP € 0OK08
koHTypa (puc. 5.1). I[Ipu atom DJIC B KOHTYpE BOZHHKACT HE 3a CUET
M3MCHCHUS HAIPSHKCHHOCTH MArHUTHOTO IOJISE 6HYMpU KOHTYpa, a
32 CYCT nepecedeHUs NPOBOOHUKO8 KOHMYDA MAZHUMHbIMU
CUOBLIMU TUHUSAMU, NOOABISICMBIMH K TEM, YTO YK€ HMMCIOTCS
BHYTpH KoHTypa. Takmm oOpazom, mexanusm mossiacHus JJC B
KOHTYPE HHOW, HEKENTH MPEIYCMOTPEH IMECPBBIM  YPaBHCHHEM
MaxkcBena, COOTBETCTBEHHO JOJKHO OBITh HECKONBKO MHBIM M CaMO
VPaBHEHHE, OMHMCHIBAIOLICE STOT MpoLece. | 1aBHOE TO, YTO B IEPBOM
ypaBHeHHMH ~ MakcBenna — OTCYTCTBYET — ONHMCAHME — mpolecca
MCPECCUCHUST CHIIOBBIMU JIMHUSMH MACHUTHOTO IMOJSI HPOBOJHHKA
KOHTYpa.
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Ve

a) 6)
Puc. 5.1. HaBegenne IJC B koHTYype: a — 110 MakcBemny; 6 — B peallbHOCTU

2) Ilepeoe ypaBHeHue MakcBeaia OMUCHIBACT MPOLECC B
IJIOCKOCTHU, HO HE B 00beMe. COOCTBEHHO M3MEHEHHUE HAMPSKCHHOCTH
H, Baonp ocu z B HeM orcyreTByeT. [10BOPOT K€ MIOCKOCTH B OCSIX
KOOpPAMHAT, KOTJa W B MPaBylO, W B JICBYKD YaCTH YpPaBHCHUS
MOMAJAI0T BCE TPU JCKAPTOBBI KOOPAMHATHI, CYTH HE MCHSICT.

ITouemy xe mepBoe ypaBHCHHMEC MakcBemna W BBITCKAIOMIMH U3
HErO WHTCrpajbHbIA 3akoH Dapajes MarHUTHOW WHAYKIUU
MO3BO/SIFOT ~ XOPOILIO  TMPOM3BOAUTH  PACUCTHI, Harpumep,
TpaHC(OPMATOPOB M MHOTHMX APYrMX MarHUTHHIX cuctem? OtBer
mpocT. V3MEHCHHE MarHMTHOTO TMOJis BHYTPU KOHTYpPA SIBJISICTCS
CIACACTBHEM JOOABJICHUS MATrHUTHBIX CUJIOBBIX JIMHUHA C OOKOB
KOHTYpa, YHCICHHO OHH TIIOYTH COBIAJAIOT, M OTO IO3BOJSCT,
WUTHOPUPYS CYTh IMPOLIECCA, BBIMOIHATH B OOIBIIMHCTBE CIy4acs
HCOOXOAMMBIC PACYCThl C VAOBJICTBOPUTEIBHON TOYHOCTHIO. Ho He
BO BCEX, MHOTJAa OTKJIOHCHHS B PacueTaxX MPCBBIIMIAIOT JOMYCTHMBIC
MOTPELIHOCTH, ¥ BEChMa CYIICCTBEHHO.

3) B ypaBHeHuu mpaBast v icBast 4acTU HE KBUBAJICHTHBL [IpaBas
4YacTh YpPaBHCHUS BBICTYIACT IPUYMHON, a JeBas YacTh — €C
ciaeacreueM. ECaum myTeM HW3MEHEHHUS MAarHUTHOW WHIYKIUH C
[MOCTOSIHHON CKOPOCTBEO MOXKHO CO3JaTh HA KOHTYPE MHOCTOSIHHYIO
AIC, to obpatHOE ACHCTBHE HE MOXKET OBITh PEATHM30BAHO, T.K.
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co3nas Ha KoHType mnoctosaHyrd JJIC HHKAaKoro MOCTOSHHOTO
M3MCHCHHUS MArHUTHOW HWHIAYKUUU [OMYyYUTh HEAb3s.  llosTomy
MPaBUJIBHO OBIJIO OBl MEXKIY MPaBOW U JICBOM YACTSIMH YPAaBHCHUS
[MOCTABUTh HE 3HAK PABCHCTBA, a 3Hak "[l", ykasplBarOIui, 4TO
JCBAS YACTh SABJSACTCS CIACACTBHCM HPABOU:

rot E 0 — dB/dt; (5.17)
TO K€ OTHOCUTCSI M K MHTCIPAIbHOM (hopme:
e=[Edl O - do,/dt. (5.18)

Crexyer 3aMeTUTb, YTO CITOCOOOB MOMEHSITh MECTAMHU MPUUIUHY H
CICACTBUC B HPHUPOAC HE CYIICCTBYET, T. €. CCIH, U3MCHSSI BO
BPEMCHH MAarHUTHBIA NOTOK, MOXKHO B KOHType cozmate JJC, To
oOpaTHasi ~ omepaius HCBO3MOXKHA: HEMb3s, CO34aB B KOHTYpE
nocrossHyio JJIC, momyduts B HEM H3MCHSIOLICECS BO BPEMCHU
MarHUTHOE TIOJTC.

2. Bmopoe ouppepenyuanvnoe ypasnuenue Makceenna
rot H =j + dD/dt (5.19)

U COOTBETCTBYIOIIEE €MY HMHTEIPAIBHOC YPaBHEHHE (3aKOH IOJTHOTO
TOKA)

i=JHdl = dg/dt (5.20)

BBIPKAIOT TOT ()aKT, YTO €CIH B MPOBOAHUKE TECUET TOK, TO BOKPYT
NPOBOJHUKA BO3HHMKAET MArHUTHOE IIOJE,  BEIMYHUHY KOTOPOTO
MO>KHO OIPEACIHUTD.

IlpuHipmmansHO  BTOpOE  ypaBHEHHME  MakcBeniaa  MOXKHO
pa3aeauTh HA JBE YaCTH:
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rot H' = j; (5.21)
rot H" = dDrdt. (5.22)

Wuterpanpras ¢popma — 3aKOH MOTHOTO TOKA — OTPAXKAET TOJBKO
MEPBYIO YacTh, I BTOPOU YACTH aHAIOTHYHAs (opMa OTCYTCTBYET,
XOTSl U MOXKET OBITh HECJIO’KHO HANKCaHA, HATIPHUMED, B BHJIC

[Hdl = SdDdt. (5.23)

B otnmume ot mepBoro ypaBHEHHs BTOpoe ypasHeHHEe Makcsenia
U 3aKOH MOMHOTO TOKA OTPaXKaroT PEAIbHBIN IPOLECC BOSHUKHOBEHUS
MAarHUTHOTO TOJS BOKPYr mpoBoxHuka. OOHAaKo M 34eCh MOXKHO
CAeNaTh HEKOTOPBIE 3aMEUaHUsL.

1) 3ak0oH MOJIHOrO TOKA SIBJSICTCSI AHAJIONOM 3aKOHA IOCTOSIHCTBA
LUPKY/SIIUU A1 BUXPEBOTO JABMXKCHUS HEBSI3KOU U HECKUMAEMOH
SKUJKOCTH:

dll =T, (5.24)

rae V — CKOPOCTh IOTOKA >KMJIKOCTH BOKPYT IleHTpa Buxps, a I —
HANPSDKCHHOCTh BUXPS. JTOT 3aKOH OTPa)KAET BUXPEBYIO CTATHKY,
T.€. ABMDKCHHE KUAKOCTH B ycTaHOBUBLIEMCS BUXpe. COOTBETCTBEHHO
U 3aKOH IIOJIHOTO TOKAa, U BTOPOE ypaBHEHHME MakcBemia OTpaXkaroT
CTaTHKY MarHUTHOTO ITOJIS, 2 BOBCE HE AMHAMHUKY.

2) Kak Bo BTOpoM ypaBHeHHMM MakcBenna, Tak M B 3aKOHE
MOJTHOTO TOKA OTCYTCTBYIOT KakKue-TuOO H3MEHEHHUS MPOLECCOB BO
BPEMEHH, TIO3TOMY, HAIPUMED, €CITH M3MEHIUIACH BETMYMHA TOKA, TO
B COOTBETCTBHMH C VPAaBHEHHEM 3aKOHA ITOJHOTO TOKA BETMYMHA
HaIPsDKEHHOCTH

H=i2nr (5.25)
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JODKHA MIHOBCHHO H3MCHHUTBHCS HE3aBHCHMO OT TOrO, Ha KaKOM
PacCTOSHUM OT CaMOro MPOBOJHHMKA C TOKOM HAXOIHUTCS MAarHUTHAs
cunoBas nmuHuA. Hukakoro 3amazmeiBaHus mpoLiecca YPaBHCHHEM HE
MPEAYCMOTPEHO, HYTO MPOTHBOPCUYHUT CMBICTY, T.K. 3aMa3IbIBAHHC
cneAcTBUs (HAMPSDKCHHOCTH MArHHUTHOTO TOJS) MO OTHOLICHHIO K
MPUYUHE, €r0 BBI3BABIICTO, (TOKY) MOIKHO OBITh.

3) Bropoe ypaBHeHHMe MakcBenna, Tak JKE Kak M IEPBOE,
OMKCHIBACT MPOLECC B IUIOCKOCTH, HO HE B oObeme. COOCTBCHHO
W3MCHECHUE HANpPsDKCHHOCTH F BIONB €ro HAMpPaBlICHHS B HEM
orcyrcTByeT. WM, Tak ke kKak W B TCPBOM YPaBHCHUH, IOBOPOT
IJIOCKOCTH B OCSX KOOPJWMHAT, KOTJa YPaBHCHHE IONAJA0T U B
MPaBYIO, ¥ B JICBYIO YACTH YPABHEHUS MOMNAJAIOT BCE TPU ACKAPTOBHI
KOOPIUHATHI, CYTH HE MCHSICT.

4) Bo BTOpOM ypaBHeHHH MakcBenia, Kak ¥ B IEPBOM, Mpasas U
JeBasl YacTH HA CaMOM JENC HE KBUBAJICHTHBL. 3IECh TAKXKCE IpaBast
YacTh YPaBHCHHS BBICTYNACT NPUYMHOM, a JeBas 4YacTb — €€
cneacteueM. Ecnu myTeM HM3MEHEHHs SJCKTPUYCCKOH HHAYKLHH C
MOCTOSIHHON CKOPOCTBIO HIIH MPOIYCKAHHUEM MOCTOSHHOT'O TOKA Yepe3
MPOBOAHUK MOXKHO CO3JaTh B OKPECTHOCTSIX MPOBOJHUKA MATHUTHOE
moje, To oOpaTHOE ACHCTBHE HE MOXKET OBITh PEaTM30BAHO, TaK Kak
CO3J1aB B OKPECTHOCTSIX NMPOBOJHHKA MOCTOSHHOC MArHUTHOE TOIE,
HUKAKOT'O MOCTOSHHOTO M3MCHCHHS JCKTPUYCCKON WHAYKUHU WU
MOSIBIICHUSI MOCTOSTHHOIO TOKa B NPOBOXHUKE TONYYUTh HEIb3S.
[TosToMy u 37eck mpaBUABHO OBLTO OBl MEXIY HPaBOH M IJICBOI
YacTsSMHU YpaBHCHHUS IOCTAaBUTh HE 3HAK paBeHCTBA, a 3Hak "L ",
VKa3bIBAIOLIHH, YTO JICBAS YaCTh SIBJSICTCS CICACTBUEM MPABOM:

rot H O j + dD/dt (5.26)

U COOTBETCTBYIOIIEE €MY HMHTEIPATBHOC YPaBHEHHE (3aKOH IOJTHOTO
TOKA)

i =dg/dt= [Hdl. (5.27)
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3. Tpemobe ouppepenyuansvroe ypaguenue Makceenna
div D = p; (5.28)

U COOTBETCTBYIOIIEGEC €MY HHTCTPATbHOC YPaBHCHHE — Teopema
Octporpaackoro—I aycca Aist 3MEKTPHYECKOTO MO

®e=|DdS=q (5.29)

rpemar TeM JKe: B HHUX OTCYTCTBYCT BpPEMEHHOW (hakTop,
CeAOBATEIbHO, STO ypaBHeHus cratuku. llpaBma, ecnmu Teopema
Octporpaackoro—I"aycca B yueOHMKAaX OOBIYHO MOMEIIACTCS B PA3ACT
3JCKTPOCTATUKH, TO JUG(EPCHIUATPHOS BBIPAXKCHUE TOTO XKE —
TpeThe ypaBHCHHEC MakcBe/ia MMOMEIIACTCS B TEX JKC YICOHUKAX B
pasaen AMHAMUKHY, YTO HUYEM HE 000CHOBaHO. 10, YTO MHTErpaibHas
dopma sBisiercss (popMO  CTATHYECKOM, JIETKO BHIETh H3 TOTO
OOCTOSTENbCTBA, YTO ONPEACICHHOE W3 OTOr0  BBIPAKCHUS
3JEKTPUIECKOE CMCIICHHE

D = g/4nr> (5.30)

JAOJKHO HU3MCHATBCI MTIHOBCHHO IIpU UW3MCHCHHHU  3apdaa q
OOGBIUYHBIM BO3pPa’>XCHUCM IIPOTUB 3TOI'0 ABJISICTCA TO, YTO OI[I/IHO‘{HI:II‘/'I
3apsaqg U3MCHUTb HCBO3MOXKHO, a TPUBHCCCHUC AOMOHUTCIBHOIO
3apsia €CTh MPOLECC JOMONMHUTEIbHBIN, KOTOPBIN OMUCBHIBACTCS YKE
coBceM mHade. TemM He MEHEe MAaTEMAaTHUECKOE OIMHUCAHME BCE PABHO
JODKHO MPEeIyCMaTpUBaTh HAMHYHNE 3aIa3AbIBAIOLICTO MOTCHIMATA, &
OTOro B YpaBHCHHUU HCT.

Kpome Ttoro, B ypaBHeHHH ciemoBago OBl TaKXKE OIPEICIHTH
OPUIUHHO-CJICACTBCHHBIC OTHOIICHUA B BUAC COOTBCTCTBYROIICTO UX
HanmuCaHUsid:

®e=|DdSO q, (5.31)

a TaKKC
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DO g/4nr’. (5.32)
4. Yemeepmoe oughhepenyuanvnoe ypasnenue Maxceenna
divB=0 (5.33)

U COOTBETCTBYIOIIEE €My HHTETPAIBHOE YPaBHEHHE — Teopema
Octporpaackoro—I aycca 411 MArHUTHOTO TOJIS

dv=[BdS=0 (5.34)

HE BBI3BIBAIOT OCOOBIX BO3PaKEHUH, KPOME pa3Be 4YTO CBOCH
HEIOCTATOYHOCTH, TAaK KAaK OHU TaKKE (PUKCHPYIOT HEKOTOPYIO
CTaTHKY, KPOME TOTO, B HUX TAKXKE OTCYTCTBYCT BPEMCHHOM (hakTop.
UerBepToe auddepeHunansHoe ypaBHeHHe MakcBenna Toxke 0e3
BCSIKOTO 0OOCHOBAHUSI IOMEIIACTCS B YUYCOHHKAX B pazaci JUHAMUKH.

WnterpanpHas sxe ¢opma, moMmemaeMas B pas3Jel CTATHKH,
BbIpaXKacT TOT O‘leBHI[HI:Iﬁ (baKT, YTO MArHuTHBIC CHJIOBBIC JITMHUHU
BCCrga 3aMKHYTBI U, CJICAOBATCIbHO, CKOJIBKO HUX BBIIIJIO HW3
SaMKHyTOﬁ MOBCPXHOCTHU, CTOJBKO KC N HJOJLKHO BOWTH B HeEC.
Hukakux BpeMEHHBIX MPOLIECCOB OHA HE OTPAXKACT.

Takum o0pa3zoM, IUHAMUYECKHE MPOLIECCHI, MPOTEKAIOLINE B
SJCKTPOMATHUTHOM TIOJIE, OTPAXKAKOTCS HE BCEMH  YCTBHIPbMS
YpaBHCHUAMU MaKCBCJ’IJ’Ia, a TOJIBKO IICPBBIM U HOJIOBUHOM BTOpPOroO,
MpHYEM TICPBOC YPaBHEHUEC HE OTPaKaeT peajbHOro IMporecca
BosHHKHOBeHUsT JJIC B mpoBOAHMKE TpH M3MCHEHUU BO BPEMCHH
MAar"dmTHOrO II10JIA. HepBaH XKC II0JIOBHHA BTOPOro ypaBHCHUA
MakcBenna, a Takke TPEThE M HETBEPTOC YPABHCHHS  SIBISIOTCS
YpaBHCHUAMU BHXpCBOﬁ CTaTHUKU U, B IPUHIUIIC, K 3JICKTPOANHAMUKC
OTHOIICHUS HC UMCIOT.

N nepsoe, n BTOpoe ypaBHeHHS MaxkcBenia WTHOPHPYIOT IO,
Haxomsuuecss BHE KOHTYpoB. OIHAKO COCEIHHME OXHOHAIMPABICHHBIC
BHXPH, IMEsI HA CBOCH mepu()epuu B COMPEACIbHBIX 00IACTIX MOTOKH
cpeapl — 3(dupa MPOTHBOMNOIOKHOTO HAIMPABICHUS, CO3JAIOT
B3aUMHYIO0 KOMIICHCALMIO TOJICH (pHUC. 5.2). DTO 00CTOATEILCTBO HE
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VUTCHO MEPBBIMU IBYMsl YpaBHEHISIMH. Ecmu OB 3TO yUHTHIBAIOCH,
TO Kak 3MEKTPUUYECKAs, TAK U MAarHUTHAsI HAIPSOKEHHOCTU HE BCErAa
ObLTK OBl OMHUMH U TEMH KE AJIs1 TIEPBOTO U BTOPOrO YPaBHCHUH.

a) 6)

Puc. 5.2. Kommencarun mosieii: ¢ — MarHUTHOTO TIONSI B pacIpeielTeHHON
CHICTeMe TOKOB; 6 — DJIEKTPUYECKOT0 IO B PACIIpe/IelIeHHOM CUCTeMe MarHUTHBIX
TIOTOKOB

Haxomnerr, BCC YypaBHCHUs Makcsemia BBIBCACHBI W3
MPEANOIOXKCHUST 00 HuACaAbHOCTH 3¢upa u, CICIOBATEIBHO,
MOAPA3yMEBAIOT OTCYTCTBHE y HETO BSI3KOCTH W CXKHUMAeMOCTH. B
TakoM 3(upe BUXpU HE MOTYT HH 00pPa30BBIBATHCS, HH UCYC3ATh, YTO
IMOJTHOCTBIO HC COOTBCTCTBYCT OIIBITHBIM JaHHBIM: HaIIPSOKCHUSA U
MAr"dvuTHBIC I1I0JII BO3HHMKAIOT M HCUC3aI0T, HO 3TO HC 3aJIOKCHO B
¢usuky ypaBHeHuwil. B ¢usuky ypaBHeHHMit MakcBemaa Takke He
3aJI0KCHA CHKUMAEMOCTh ITOJICH, HEMOCPEACTBEHHO BBITCKAOINAS H3
cxUMaeMocCTH 3¢upa.

IToryaennsrie MakcBemioM ypaBHEHHUS 3IEKTPOMATHUTHOTO IO
Ha OCHOBC THAPOMCXaHUYCCKUX HpCI[CTaBHCHI/Iﬁ SJICKTPOMAarHuTHBIX
SIBJICHUI U WX BCCCTOPOHHAA aHpO6aHI/I$I BO MHOI'UX HPAKTHYCCKUX
NPUIOKCHUSIX TMMOATBEP)KJAOT MPABOMEPHOCTh METOAA AaHAJIOTHIA,
HCIIOb30BAaHHOTO MakcBeIoM, H, Ka3amoch Obl, W3 STOr0 HE
BBITCKACT HEOOXOAMMOCTh KAaKOro-1M00 YTOYHCHUS YpPaBHEHHI
SJICKTPOANHAMUKU. OI[HaKO OTU YpaBHCHUA B COOTBCTCTBHU C
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NPEACTABICHUSAMHU | eIbMroNbIa O MOBEACHUHM BHUXPEH B KHIKOCTH
OTPa)KalOT BCEr0 JIMINb MPOLIECC TEPEMCLICHHsS BHUXPEH B
MPOCTPAHCTBE M HE OTPAXKAIOT MpoLecca 00pa3oBaHHUs STHX BUXPEH.
st Toro uToOBI PACcCMOTPETh MPOLECC B LICAOM, HECOOXOAMMO
MPOBECTHU JOTMOIHUTEIBHBIC TOCTPOCHHSI.

Takum oOpa3zom, ypaBHEHHS BJICKTPOIUHAMHUKH MakcBelia He
SIBJSIFOTCSI COBEPLICHHBIMH, KAK HE SIBIISICTCSI COBEPLICHHBIM HUYTO HA
csere. M mosToMy Haa HUMU HYXKHO MPOJO/IKATH padOTATh.

5.2. HekoTopble yTOUHEHUs ypaBHEHUN
3NeKTPOANHAMUKU

Paccmorpum ameMeHTapHBIE 00BEM CPEAbI, HAXOMSAIICHCS MOX
BozzciicTBueM npujokenHor JJ[C, a Takke BHEIIHUX MArHHUTHBIX
monieit (puc. 5.3).

z Hy z E,

H"z EV1 N

W N s

0 - 0, >
X X
v v
8111 e 811
y
Puc. 5.3.00pa3oBanue 21eKTpH- Puc. 5.4.00pa3oBanue
JeCcKOro ToKa B cpejie. MAarHHTHOTO TIOTOKA B CpeJie.

W3 momenu 3ACKTPUYCCKOTO TOMS CACAYET, YTO TOK SIBSCTCS
CIEACTBUEM JJIEKTPUUECKON HAIPSDKEHHOCTH, JEHCTBYIOIIEH B LIEMU,
a MArHATHOC TIOJIC BOKPYT TMPOBOJHUKA SBICTCS CIICACTBUCM
YIOPSIOUCHHON OPUCHTALINMH B ITPOBOTHUKE DJICKTPUUCCKUX 3aPsI0B.
s saeMeHTa Cpeabl B JAHHOH IEMM HEOOXOAUMO YYHUTHIBATH TPHU
SIICKTPUUCCKUX HANPSDKCHHOCTH, CYMMHUPYIOIIHUCECS APYT ¢ IPYTOM U
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CO3JAIOIIUE IEKTPUIECKUil TOK: E, — HAIPSHKEHHOCTh OT BHEIIHETO
uctounnka JJC; Ey | — HanpspKEHHOCTh, HABOAUMYIO CO CTOPOHBI
I[pyI‘I/IX TOKOB, MCHSIOIITUX-CSI BO BpeMCHI/I, BHCINHUX 110 OTHOILUCHUKO
K paccMmarpuBaeMoMy 0OBEMY; 3[€Ch CACAYCT YYUTHIBATH, UYTO
MarHuTHOE mojie, cozgaromee 31y IJC camo wmmeeT BOTHOBOI
xapakrep; Ey \» — HampsOKEHHOCTh, HABOAUMYIO CO CTOPOHBI
HMCTOYHUKA, JBIKYIIETOCS OTHOCUTEIBPHO PacCMaTPUBAEMOro oobema.

ITnoTHOCTH TOKA J,, BOSHUKAOIIEIO B LICTIN, OMPEACIISICTCS STUMU
HaIPsDKEHHOCTSIMHU M ITPOBOJMMOCTBIO cpeabl. B cBoro odepenp, TOk
BBI3OBCT MAarHUTHOC ITIOJIC, HaHpH)KeHHOCTb KOTOpOI‘O paBHa EH L, TaK
qTo

n OE;
rotHee O d.=(0E,tegy —), (5.35)
i=1 ot
n OFE;
e Y €CTh BCKTOPHAS CYMMa TIPOU3BOIAHBIX SJCKTPHUCCKUX
i=1 ot

HAIMPSDKEHHOCTSH  DJICKTPUYECKOrO MONsE MO0 BPEMEHH (CKOPOCTH
M3MCHEHHUSI) B TOYKE, B KOTOPOA OMNPEACIISICTCS HABCACHHAS
HAIMPSLKEHHOCTh MAarHUTHOTO 1oyist He |

AHAJOrMYHO MPU PACCMOTPCHUHU 3JICMECHTAPHOTO O00BEMa CPEIbI,
HAXOJSIIErocs IO BO3ACHCcTBUEM mpuiokeHHON Baermnerdn MJIC
(MarHUTOABIDKYINGH CHIIBI), @ TaKKE IOJ BJIMSHUCM BHCIIHUX
MarHUTHBIX TOjIeH (puc. 5.4), momyaum:

n OH;
rot Epg O oy=—pp) — (5.37)
i=1 ot
rac
n OH
> €CTh BEKTOPHAs CyMMa MPOU3BOAHBIX MO0 BPEMEHU

i=1 ot
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(ckopocTH M3MEHEHMS) HANPSDKCHHOCTEH MATHUTHOTO MOJISL B TOYKE, B
KOTOPO# OTMPEACSICTCS HABSACHHAS HANPSIKCHHOCTD 3JICKTPHYCCKOTO
nouns Ee

Creayer cpasy ¢ OTMETHTb, YTO HCIOIB3yeMas 31¢Ch aHAIOTUS
HE CTPOro KOPPEKTHA ¥ JO/DKHA OBITh B JaNbHCHIIEM
SKCIICPUMEHTATLHO TIOATBEPKICHA.

IMpr OTCYTCTBMM MEPEMEHIAOIMUXCS OTHOCHTEILHO 00BeMa
HUCTOYHUKOB MArHuTHOTO M 3JCKTPHUYCCKOrO HOHCﬁ, YpaBHCHUA
peodpasyoTCs B BUA

0
rotH, U 6.=(c+e— )Ey, +Ep1) (5.39)
ot
0
rot E, 0 0y=—pu— (Hy + Hew) (5.40)
ot
IIpuBenenHbIe BBIPAKCHUS HPEACTaBISIIOT coboit

moauduuuposannsie Bropoe wu IlepBoe ypaBHeHmst Makcsemnna,
OTJIMYAIOIIUECS OT MOCICAHHUX TEM, YTO OOBIYHO HCIIONB3YyEMBIA B
ypaBHeHHMsX MakcBenana «CTOPOHHUI TOK»  BBIPAXKEH  dYepe3
HAMNPSDKCHHOCTH, 4 TaKKE C YIETOM HCTOYHHKOB BJIEKTPUYCCKOTO U
MArHUTHOTO TIOJEH, BHEIIHUX OTHOCHUTEIBHO PacCMAaTPHUBACMOTrO
oobema. IlpencraBmennpie B Takoi  ¢opMe  ypaBHEHUS
3JIEKTPOMATrHUTHOTO TOMS MO3BOJISIIOT CACIATh HEKOTOPHIC OTINYHBIC
OT OOBIYHBIX BBIBOJBI.

HeticTBuTenpHO, B 00IIEM cay4ae HANpsDKEHHOCTH MAarHUTHOTO U
SJCKTPUYICCKOrO MONEH, HCIOIb3yeMble B OOOMX YpPaBHCHUSX,
pasHble, a HE OJWHAKOBHIC, KaK 3TO HMEET MECTO B YPaBHECHUSIX
Maxkcsenna. HanpspkerrocTs MarautHoro noist H,, crosmas B neBoit
yacTh mepBoro  ypaBHeHus  (moxmepHusupoBanuoro Ilepsoro
ypaBHeHHsT MakcBenna), SBISETCS YACThEO BCEH SIEKTPHUYCCKOU
HaNPSDKEHHOCTU paBoit yacTu BTOPOTrO YpaBHEHUS
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(MOIEPHU3UPOBAHHOTO Broporo YpaBHEHUS Maxkcsemnna);
HaIPsDKEHHOCTD 3JIEKTpUUIecKoro nois E,, crosmas B JI€BOH 4acTu
Broporo  ypaBHeHms, sBIAeTCI  YACTBIO BCEM  MarHWTHOH
HaIpsDKEHHOCTH MpaBoi dactu IlepBoro ypaBHEHU .

UroOsl mokazaTh, 4YTO TOJYYCHHBIH pe3yabTaT HE CTOIb
TPUBHANEH, KaK 3TO MOXKET  IOKa3aTbCcs C IEPBOTO B3IIIAA,
paccMOTpHUM YaCTHBIM caydaid, IpH KOTOPOM O, # 0, B TO BpeMs Kak
H;z =0, T.e. TOK TEUET M MEHIETCS BO BPEMEHH, a MArHUTHOE IIOJIE
OTCYTCTBYET.

B camoMm gene, eciu 37IEKTPHUECKOE IOJIE HAIIPABIEHO BAONb OCU
Z a B IUIOCKOCTH X) PACIpPEAETIEHO PABHOMEPHO, TO TOT A

=0; =0 (5.41)

rot E,; =—————=0, oTkyzma (5.42)

Hy + Heu =0, (5.43)

T.C. TMPOUCXOAWT TOJHAS  KOMIICHCAIMS MArHUTHOTO  ITOJISL.
dakTHvecKu BCE BTOPOC YpaBHEHHE OOpamaTcs B HYIb, a IEPBOE
YPaBHEHHUE OCTACTCS B MPEKHEM BH/IE.

AHaOrH4YHO, €CIM MArHUTHOE TOJIE HANMPABICHO BAOIb OCH Z, A B
IJIOCKOCTH X PAcIpeJeiICHO PABHOMEPHO, TO TOTAA

=0; =0 (5.44)

TO
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oH,, oH,,

rot H,, =———-——=0, otkyza (5.45)
oy ox

E‘P + EHVI = 0, (546)

T.€. IPOUCXOANT MOJHASI KOMICHCAIUS 3JIeKTpHdIeckoro momns. Torzaa
MEpBOC ypaBHEHUE 0OpaInacTcsi B Hyb, & BTOPOE YPABHCHHE OCTACTCS
B MPEKHEM BH/C.

B xakao¥ Touke MpOoCTpaHCTBA MPOU3OLILIA MTOTHAS KOMITCHCALIHS
MOJCH, BHYTPCHHEIO M BHEINHErO IO OTHOLICHHIO K JTHOOOMY
paccMaTpuBacMOMY OOBEMY, XOTS U CKJIaJBIBACTCS HA MEPBbI B3I
MapaJgoKcambHas CUTYaUs: IPH HAIMYUM MEPEMEHHOTO BO BPEMCHH
3JEKTPUIECKOrO TOKA MAarHUTHOE IMOJIE MONHOCTBIO oTCcyTcTBYeT. Ha
CaMOM JIEJIe 3TO MOJIC MOTHOCThIO CKOMIICHCUPOBAHO B KAXKJIOU TOUKE
MPOCTPAHCTBA, U C€CIIU KAKOH-TO 00BbeM MPOBOTHHKA W3BICYb, TO IO
IpaHULaM 3TOTO BBIHYTOrO 00BEMa M B CAaMOM OOBEME HEMEATICHHO
MOSIBUTCSI COOTBETCTBYIOIIEE MATHUTHOE TOJIC.

JKCIIEpUMCHTANBHAS ~ MPOBEPKA  BBICKA3aHHBIX  IMOIOMCHUU
MOJTBEPANTA UX.

B skcnepumenTe Oblna HCIONB30BaHA MIOCKOCTh, HA KOTOPOH OBLIT
pasMemeH  pan MPOBOJOYHBIX  KOHTYPOB, BKITFOUCHHBIX
MOCNEAOBATENBHO, YCPE3 KOTOPBIC MPOMYCKAICS MEPEMEHHBIN TOK.
Kontypa co3znaBanu nepeMeHHOE MATHUTHOE TOJIC B OKPYIKAIOIIEM HX
npoctpancTee. Hag koHTypamu pa3mernanack M3MEpHUTEIbHAS PAMKa,
K KOTOPO# ObLIT MOAKITIOUCH u3Meputenbhbiii mpudop. [lepextroucHue
KOHTYPOB OCYIIECTBIISLIOCH TAKUM O0pa3oM, YTO IMOOYEPEIHO MOT
MOJKITIOYATBCS COOTBETCTBYIOIINI KOHTYP MPOBOJIOYHBIX KOHTYPOB.

JKCIEPUMEHT MOKAa3aj, YTO MO MEPE MOIKIIOYCHHS BHYTPECHHHX
MO0 OTHOLICHHIO K M3MepuTenbHOH pamke koHTYpoB JJIC Ha Heit
pacter, a mO Mepe MOCICAVIOMEro MOIKIOUCHHS BHEIIHUX IIO
OTHOLICHUIO K pamke KOoHTYpoB JJIC HaumHaeT yMeHbIIATBCI. ITO
0Ka3alloch CIPABCAIMBBIM I BCEX pa3MepoB paMok. TeM camMbiM
BBICKA3aHHBIC BBIIIC MOJOKEHUSI HAIITH CBOC MOIATBEPKICHHE (PHC.

5.5).
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Puc. 5.5. Hsmenenne IAC Ha wu3MepHTeIbHBIX KOHTYpax II0 Mepe
VBEJIMYEHHST  YHCJIQ  HOJKIYAEMBIX  TOKOHECYIIHNX KOHTYPOB. a —
pAcCIIONOXKEHUE U3MEPUTENBFHBIX KOHTYPOB Ha IUIACTUHE C  TOKOHECYIIMMU
KaTyIIKaMHY, CO3JAOIMMA MarHuTHoe 1oie; 6 — 3J[C Ha M3MepUTeIhbHOM KOHTYpe
I10 Mepe II0JKITFOYEHNS TOKOHECYITIUX KaTyIIeK

Craeayer OTMETHTB, YTO PACCMOTPEHHAS 337a4a ¢ PAaBHOMEPHBIMHU
IIyJbCUPYIOIIUMU BO BPEMEHHU MOJIAMHU HEMOCPEACTBEHHO € IIOMOIIBIO
ypaBHeHHII MakcBenna HE MOXET OBITh PCHICHA, TaK Kak B HHUX
QJICKTPUYICCKUC U MArHUTHBIC HAIIPAXKCHHOCTU B O6OI/IX YpPaBHCHUAX
paBHBI MexkAYy CcOOO, «CTOPOHHUX TOKOB» 34ECh TaKXKE HET.
IIpocieauts pakT B3aMMHOWM KOMITCHCAI[UU COCTABISIOIINX MOJCH 10
3TUM ypaBHEHHAM TpyaHO. HyseBoi pe3yipTar kak pemeHue 3aJaqn
Ha OCHOBE ypaBHEHHMI MakcBenIa BO3MOXKEH JHIOb B TOM CIIydae,
€CIM BCE COCTaB/LIIOIIUE IOJNEH M TOKOB paBHBI HYIIO, YTO
OPOTUBOPCUYUT UCXOAHBIM YCJIOBUAM 3adavu.

IlpuBeneHHBIE MOIEPHU3MPOBAHHBIE YPAaBHEHHS 3JIEKTPOJMHA-
MHKHU IMOYUTHU MOJTHOCTHIO COBIMAAANOT C IICPBBIMU ABYMS YPABHCHUAMU
Maxkcsemnna, eciau paccMaTpUBaTh TPAHHIYY PACIIPOCTPAHSIOMIETOCS B
MPOCTPAHCTBE IMOJISI IPU YCAOBHH, YTO 3a 3TOU TpaHULCH (B CTOPOHY
pacnpocTpaHCHHs) HET HCTOYHHUKOB Mot lorma  ypaBHCHHS
MPHOOPETAIOT BUA ypaBHEHUH MakcBemna:

0
rotH, 0 8.=(c+&—)E, (5.47)
ot
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0
rot E, O 6y=—u— H, (5.48)
ot

Co0TBETCTBEHHO MOXKET OBITh YTOYHEH U 3aKkoH Dapanes
e =JEdl = — SdB/dt. (5.49)
B yrouHeHHOM BUAE OH MPHOOPETET BHL

dB dB.
e=JEdl=-S(——-—), (5.50)
dt dt

u npu B; =B, e=0.

WHAeKCB «i» U «e» 03HAYAKOT «BHYTPCHHHI» U «BHEIIHMI». 110
AHAJOTMHM C 3aKOHOM JJICKTpOMAarHuTHOW wuHAykuvu Dapames Ha
OCHOBAHMUH  VPAaBHCHHUS  OJJCKTPOMATHUTHOTO IO  MOXKHO
MPEIIOKUTD BBIPAXKCHUE AJT1 MATHUTOIICKTPUICCKON HHIYKI[HH

OE; oE

S (5.51)
ot ot

(H1) = S[o + &(

rae S —mioma p KOHTYPa, OXBATHIBAIOIICIO MPOTEKAOIIUN B Cpeae
TOK.

OTivyue OT 3aKOHA IMOJHOIO TOKA 3[CCh TAKXKE 3AKIIOYACTCS B
YYETE BHEIIHUX OTHOCUTEIBHO KOHTYPA MOJIEH.

PaccmoTtpuM  mponece pacmpoOCTPaHCHUS TIONS  DJICKTPUUCCKOM
WHIYKOUA B OpocTtpaHcTtBe. PDakTt pacmpoCTpaHCHHUS BUXPEBOTO
JIBIDKCHUSI SKMIKOCTU BJOJb OCH BHUXPS TMO3BONISCT chopMyrnpoBatsb
MOJIOKEHUE O TOM, YTO MOTOK BEKTOpPA BHUXPs, a COOTBETCTBEHHO U
MMOTOK MHIYKIUHU, BXOIAIINIA B HCKOTOPBIM 00bEM, HE PaBHBI TOTOKY
BEKTOPa, @ COOTBETCTBEHHO U IOTOKY JJIEKTPUYECKOM HHIYKLINH,
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BBIXO[SIIIETO W3 OTOro obbema, TpPUYEM pasHULAa OyAeT
00yCOBNMBATECS 3ala3AbIBAHUCM IIOTOKA BHUXPSI BIOAb OCH (pHC.
5.6).

A
z -
D;%ZQZ z+%it)‘dt
D,
0Dy, 0Dy
D, /! DS+ S
Z.
Z AV
oD oD,

Puc. 5.6.K BbIBoIy ypaBHeHHIT pacnpocTpaHeHNs YIeKTPIIecKoil
HHTYKIHI

Ecau motok BexTopa snmekTprucckoi mHAaykumu D ot 3apsima Q
IPOXOAUT Yepe3 MOBEPXHOCTh Mapajlienenuresa co cropoHamu 0X,
dy, dz To moroku Bekropa D, mpoureamme wepes rpaHu, paBHBI
COOTBETCTBECHHO:

CKBO3b ONMKAMIIYIO IPaHb

— Dxdydz (5.52)
CKBO3b Ja/IbHIOKO I'PaHb
oDx oDXx
(Dx+ ——dx + ——dt) dydz (5.53)
ox ot

CKBO3b JIEBYIO I'PaHb
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— Dydxdz (5.54)
CKBO3b TPABYIO TPaHb

oDy oDy
(Dy + ——dy + ——dt) dxdz (5.55)
oy ot

CKBO3b HMKHIOKO I'paHb
— Dzdxdy (5.56)

CKBO3b BCPXHIOKO I'PaHb

oDz oDz
(Dz+ ——dz + ——dt) dxdy (5.57)
oz ot

CyMMupYys TOTOKU Hepe3 BCE TPAHU U JCNS UX CYMMY Ha 00beM
MapasIcacIuIeaa, HAXOTHM:

oD, oD, oD, oD, oD, oD,
+ + + + + = p, (5.58)
ox Ggot oy  got oz e

rae
ex = dx/dt; ¢y= dy/dt; c~ dzdt; (5.59)
U, TAKUM 00pa3oM,
0Dy oby, oD,

divD + + + = p, (5.60)
cot G ot Got
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= + + (5.61)

nim

oD
divD+ —— =p, (5.62)
cot

YTO OTJMYACTCS OT TPEThEro YpaBHEHUSI MaKCBeIa HATMYUEM YIICHA
oD/cot.

Henenus Bexropa D Ha BEeKTOp ¢ HE TOKHO CMYIIATH, TAK Kak 00a
STH BEKTOpa — OJCKTPHUYCCKOrO CMCLICHUSI M CKOPOCTH €ro
MPOJONBHOrO PACHPOCTPAHCHHS KOJUIMHEAPHBI, T.C. HAIPABICHBI
CTPOro B OJHY U TY K€ CTOPOHY, X OTHOLICHUE — CKAJISP.

IMonyuennoe auddepeHuaabHOS YPaBHCHHUE TICPBOI CTCIICHHU TIPH
p = 0 mmeer pemenne

D=D(t-r/c), (5.63)

T.€. 3TO BOJHA, & CaMO YPaBHEHUEC — BOJHOBOC YPaBHEHHE MEPBOU
CTCIICHHU M OTPaXKaeT MPOAOIBHOE PACHPOCTPAHCHUE BOJHEL.

Teopema Taycca mpum 3TOM HECKOIBKO BHAOHU3MCHSICTCS U
MpHOOpETACT CIeayIomYyo hopMy:

®e = [D(t - r/c)dS= q(t). (5.64)
S

Ha pumc. 5.7 moka3zaHo mOpoOJONBHOC  PaCIpPOCTPAHCHHUC
3JIEKTPUYIECKOrO MO B CAY4Yac MyIbCHPYIOLIETO 3apsaa.
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PYEr)

q)

a 0)

Puc. 5.7. TlocrpoeHne BeKTOpa IIOTOKAa IUIOTHOCTH MONIHOCTH IIpU
MPOJ0ILHOM PACTIPOCTPAHEHNH YIEKTPHIECKOT0 MOJsI: @ — U ITyTECUPYIONIEr0
3apsiaa; 6 — YISl JIATIONS

ITockompky TOK B CPEAE pacCIpOCTpPaHsETCs BAOIb moToka D u ero
IIJIOTHOCTD 0 OpornopuruoHalIbHA D, TO A IINIOTHOCTH TOKa
COpaBEAIMBO COOTHOLICHHE

00
dive+ — =0, (5.65)
cot

OTKyZJa CJIEIYET, 9TO
0= 0 (t-r/c), (5.66)
T.€. paCIPOCTPAHEHNE TOKA B CPEAE HOCHUT BOIHOBOH XapaKTep.
JlaHHOE TOJOXKEHWE NPOTHBOPEUUT H3BECTHOMY CTATHYECKOMY

3akony Kupxroda o ToM, 4T0 cCymMma BCEX TOKOB sl JFOOOM TOUKH
3JIEKTPUICCKOH LenH B Tr0001 MOMEHT BPEMEHH PaBHA HYIIIO, T.€. YTO

(5.67)

'M:
i
[e>]

I
—

N3 ypaBHenus ke 5.63 BeITekaeT, uTo 3akoH Kwupxroda
CIIPaBEIMB JIUIIb B CPEAHEM, HO B KXKIBI MOMEHT BPEMEHH
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Y 1 #0. (5.68)
i=1

MOCKOITBKY BOHOBOH MPOLIECC MOAPA3YMEBACT CKUMAEMOCTh TOKA.
I[J'IH MMPOBCPKU TAHHOI'O IOJIOKCHUSA 6]:1.]'[ MNPOBCACH SKCIICPUMCHT
0 cXeMme puc. 5.8.

6 !

10 J

a

Puc. 5.8. DkcmepnMeHnT mo ompeesieHHI0 (paKTa CKIMAeMOCTH TOKa: a —
cxXeMa OTBOJIOB OT IIPOBOJIHHKA; 6 — IMITYIIBCHI, BOSHUKAIOIIUE Ha OTBOJIAX

JBa mpoBoaa MIMHON KaKIBIA IO HECKOIBKO METPOB ObLIH
MOJK/IIOYCHBl K HCTOYHHMKY MOCTOSHHOTO HAmNpsLKEHUsT (OOBIYHOMN
Garapeiike). OT Ka)10ro U3 MPOBOAOB OBLIN CACIAHBI OTBOABI uepe3 1
M. [IlpoBoma mepuoaAMYCCKH 3aMBIKATUCh KOHTakTOM. (OTBOABI
MOK/TIOYAIUCH K BBICOKOYACTOTHOMY 3JICKTPOHHOMY ocLutorpady.
Npest skcrepuMeHTa 3aK/IIOYAIACH B TOM, YTOOBI ONMPEACIHUThH, KaK
PacTeKaeTCss TOK 10 MPOBOAY IMPY 3aMBIKAHUU TN, HA PA3MKHYTHIX
KOHI[aX KOTOPOH HaXOMUTCS MONHAS Pa3HOCTh MOTCHIIUATIOB.

B pesynbraTe mpoBeaeHUST KCICPUMEHTA BBISICHHUIOCH, YTO IPHU
3aMBIKAHUM KOHTAKTa Ha ONKHHUX K HEMY OTBOJAX  BO3HUKACT
OCTPBI HMMITYJIbC, AMILTUTYAOH IOYTH B IIOJHOC HAMPSDKCHUC
WCTOYHHMKA, HA CIACIYIOIUX OTBOJAX O3TOT HMITYJIbC OKa3bIBACTCS
MCHBIIE [0 AMILIUTYAC, HO IIUPE MO BPEMEHHU, HA CICAYIOLIUX CIIC
MEHBIIIC TI0 AMILIUTYAC U CUIC MIUPES IO BPESMCHHU.

Taxum 00pa3oM, hakT CKUMACMOCTH TOKA OBLIT TTOATBEPKACH.
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Ilpy HAMMYMK HECKOMBKUX 3apSI0B B CPEIAC OT KAKIOTO U3 HUX B
KQKJIOH TOYKE CPeasl OYAET UMETh MECTO CYMMHPOBAHHC BEKTOPOB
HANPSsDKEHHOCTEW JIEKTPUUECKOTO MOJS:

n
Es = ZE. (5.69)
k=1

Ecan xa)xasiit u3 3apsa0oB H3MCHSCT CBOC 3HAYUCHUC BO BPECMCHU T10
CHHYCOHIAJIbHOMY 3aKOHY, TO

n i[w(t — r/c)]
Es = X Exe (5.70)
k=1

rae i = ~/—1, Fx— pacCTOSHUC OT TOYKH CPEIBI O LICHTPA 3apsiaa.
ITockoapky IIOTHOCTH TOKA, HM3JIYYaEMOTrO B CPEOy, CBsA3aHA C
HAIMPSHKCHHOCTHIO BEIPAYKCHUEM

J = (0 + wes)E, (5.71)

rJ¢ 0 — yAenbHAs MPOBOAMMOCTE cpeasl, = 2muf, f — wacrora, &, —
JUDJICKTPUUCCKAss TMPOHUIAEMOCTh BaKyyMa, & — OTHOCHTCIbHAS
MPOHMIIACMOCTh CPEIBI, TO UMEEM

n i[o(t — rc/C)]
0% =X de (5.72)
k=1

B cnywae mByX  3apsaoB  (M3MYy4YAOIIUX  QJICKTPOJOB),
OyITbCHPYIOIMMX C OJMHAKOBBIMH  aMIUTUTYJOH W YacTOTOH,
M3Ty4YaOUMX B CpPEAy OJMHAKOBBIH MO BEIMYMHE TOK, HO B
npotuBodase (IUMONb), HMEEM:

ilo(t — r/c)] ifo(t — r/C)]

oL =0 e ~Se (5.73)
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HO ocnu CI/IMMeTpI/II/I JUTTIOJISI UMECM
[01|=]02]; 11 =12, (5.74)

B sTom cimydae cymMMapHBINM BEKTOP IUIOTHOCTH TOKA OKA3bIBACTCS
MCPICHANKYISIPEH HANPABICHUIO PACIPOCTPAHCHHS BAOIb OCH
CUMMCTPUU JUIIOJIA. BI[OJ'II: oCHh aUmojid UMECM IIpU pPacCTOSTHUUN
Mexkay sapsgamu (dmekrpogamu) d = A/2, tae A — ATMHA BOIHBI B
cpene, onpeaensieMast Kak

A =clf.e. =cNe (5.75)

3aech ¢, — CKOPOCTh PACIPOCTPAHCHUSI TOKAa B Cpeae, &€ -
OTHOCHUTCJ/IbHAA JUIJICKTPUICCKAd IMPOHUIACMOCTb CPCABbI.

[T1OTHOCTH TOKA HA M3TYYAIOLIEM JCKTPOIE, MMCIOLIEM ILTOLIATb
M3IYYCHUS S, COCTABIISCT

0o =1,/ (5.76)

U B OCCKOHCUHOMN CpeAc Ha pacCTOSHMMU I OT 3JICKTpOAA OIPCACITUTCSA
Kak

S
or =5, ———. 5.77)
4qr

Broms ocu auIosns miIOTHOCT TOKA COCTaBUT
I 1

or = M+ 1. (5.78)
Ar,? 1+2/2r,
3mecy r; — paccrosHuC BAOIb OCH OUIIONA OT Oykaiiiero
3JICKTPOAA.

Tox, wcrekaromuii ®3  KAXIOTO JJIEKTPOJa  JUIOIL  C
COCPEIOTOYECHHBIMH IapaMETPaMH, PACIPOCTPAHSIETCS PaJHalIbHO BO
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BCe cTOpoHBL. M eciiu m3BECTHA BEIMYMHA 3TOTO TOKA, TO ILIOTHOCTb
3TOr0 TOKA B KAXAOM TOYKE CpEAbl  OMPEAEISETCS IPOCTBIM
COOTHOIICHHEM

5. = . (5.79)

Cnenyer oOpaTHTh BHHMAaHHE Ha TO, YTO IUIOTHOCTH TOKA, IO
KpaiiHeli Mepe, B OMKHEH 30HC OT HCTOYHHMKA OKa3bIBACTCS
HE3aBHCHUMOW HHU OT CBOMCTB CPCAbI, HU OT BPEMCHHBIX MapaMeTpOB
camoro TOka. OOBIYHBIM BO3PAKCHUEM 3ACCh SBJSICTCS HATUYNC
motepp B cpeae. OpHako CACAYeT HANMOMHUTB, 4YTO TOK,
MPOIMYCKACMBIN 4YEpPe3 OOBIYHBIN PE3UCTOP, HA €r0 BBIXOAC HMMECT
POBHO TY K€ BEIUYHHY, YTO M HA €0 BXOJC, HECMOTPS HA IMOTCPHU
SHEPTrUU B 3TOM PE3UCTOPE, KOTOPBIE BBIPAXKAIOTCS TOW WM HUHOU
BEJIMYMHON MAJACHUS HANPSLKSHUS HA PE3UCTOPE.

CKOpOCTh pacmpoCTPaHCHUS TOKA OYICT TOH K€, YTO U CKOPOCTh
pacnpocTpaHCHUS DCKTPUICCKON UHIYKIIHH, T.C.

ep=cNe (5.80)

¢ ¢ — CKOPOCTh CBETA B BaKyyMe, a & — OTHOCHTCIbHAS
JUDICKTPUYCCKAst TPOHUIIAEMOCTE CPCIIBL.

st umosst ¢ COCPEIOTOUCHHBIMU TTapaMETPaMH, COCTOSIICTO U3
JBYX DJICKTPOMOB, TIIJIOTHOCTh TOKA B OJMKHCH 30HE OMPEACTACTCS
HyTCM I‘COMCTpI/I‘{CCKOI‘O CyMMI/IpOBaHI/IH COOTBCTCTBCHHO I[ByX TOKOB
C y‘leTOM, X 3HAKOB U 3amna3abIBaHUS. I/I3 CyMMI/IpOBaHI/IH TOKOB
BHUAHO, YTO pacnpOCTpaHeHHe UaACT OT AUIIOJISI BO BCC CTOpOHLI, HpI/I
5TOM 10 ocnu CI/IMMCTpI/II/I JUTIOJISL BOJIHA 3HCKT‘quCCKOI>'I
HaHpH)KCHHOCTI/I paCHpOCTpaHSIeTCSI B HOHCpC‘IHOM HaHpaBJ’ICHI/II/I, a
BIONb OCH JTUMONS — B TpomonbHOM. [locieaHee 0OCTOATEIBCTBO
CBA3aHO C TEM, YTO KaKJIas TOUKA BIOJIb OCH JWIIONS PACIOI0KEHA Ha
pa3HLIX paCCTOSIHI/ISIX oT 3.]'I€KTpOI[OB nu HO3TOMy HaHpH)KCH-HOCTL
OJIst OT OJIMZKHErO 3JICKTPOAA B HEl OyaeT OOJIbIle, 4eM OT AATBHETO



JIEKTPOMATHHTHOE TOJI¢ 141

3JEKTpoAa. IJTa Pa3HOCTh HANPSDKEHHOCTEH I CHMMETPHYHOTO
JUTIONST C PACCTOSHWEM MEKIy OJiekTpomamu 0 cocTaBUT ist
MTOCTOSTHHOT'O TOKQ

i i i 2rd +d)

58 = 581 + 5e2 = - = s (581)

darr A (r+dyp  4ar’(r +d)?
rae I — pacCTOSHKUE OT TOYKH J0 OIMDKHENO 3JICKTPOA.
Ecmmu d <<r, 10
id
Oe=— . (5.82)
27’

IIpencraBiaser cneuManbHbIA UHTEPEC CAyYal U3TYUCHUS AUIOJIEM
MEPEMEHHOTO TOKa, mpu kotopom d = A/2, rtae A — anuHA BOTHEBI
3JIEKTPUYIECKOro Monsl B cpedc. B sToM cinydae Kk TOMY MOMCHTY,
KOrAa BOMTHA OT JallbHErO OBNEKTPOAa JOCTHTHET ONMIKHEro
SJEKTPOAA, HANPsHKCHHE HA  OMMKHEM  JNIEKTPOAE  W3MCHHT
MOJSIPHOCTh HA MPOTHBOMOJIOXKHYIO U Janiee OyIeT pacipoCTPaHsIThC
HE Pa3HOCTh JJICKTPUUCCKUX HAMPSHKCHHOCTEH, a UX CymMMa:

i i i 2r+2rd+d)
58 = 581 + 5e2 = + = s (583)
durr dm(r+d)> 4’ (r+d)?
gro pu 0 << T mpUBEIET K COOTHOLICHHIO

0. = . (5.84)
4 qr

T.C. HC K KY6I/I‘{€CKOMy, a BCCro JIUIIb K KBAAPATUIHOMY 3aTYXaHUIO
HaMps>KCHHOCTU IO PACCTOAHUIO.
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[IpoBeneHHbIE SKCHEPUMEHTH NOATBEPAHINA MPH BHIIOIHCHUN
MPHUBCACHHBIX BBILIC YCIOBHHA HATHYUEC 3ICKTPOMATHUTHOU BOJHBI,
HATPaBICHUS PACHPOCTPAHCHHS KOTOPOW M HANpPaBICHUE BEKTOpa
IJIOTHOCTH TOKA M DICKTPUYCCKOW HANpPSDKCHHOCTH COBIAJALOT.
Vpasuernsvu MakcBenia Takoi BaApHaHT HE MPEAYCMOTPEH.

HeoOxomuMo OTMETHTB, YTO MOAOOPOM PACCTOSHUS MEKAY
3JEKTPOJAMH MOXKHO JOOHTBCS TOrO, YTOOBI OCHOBHAS MOIIHOCTb
pacnpocTpaHsiach HE B IOMEPEYHOM, a B MPOAOILHOM HANPAaBICHUH,
U YTO IUTOTHOCTh TOKA B CPEAC HE 3aBHCUT HU OT MapaMETPOB CPEIHI,
HU OT IUIOAJW BJICKTPOXOB, HU OT YAaCTOTHI TOKA, & TOIBKO OT
BEJIMYHMHBI U3Ty4aEMOr0 TOKA.

s mpumepa Ha puc. 5.9 mpuBeAeH JIEKTPUUECKUM TUIIONb C
COCPEAOTOYCHHBIMU MApaMeTpaMH, Ui KOTOPOTrO  BBIIIOJHCHEI
HEOOXOMMBIC TOCTPOCHUS BEKTOPOB IMOTOKOB MIOTHOCTH MOLTHOCTH.

(]

E E E

Puc. 5.9.I/Imyqeﬂne SHEPIrum JUI10JIeM € CoCpeI0TOYCHHBIMU ITapaMeTpaMu

W3 mocrpoenmit ciexyer HE TPUBHAIBHBIA BBIBOX O TOM, HUTO
JUIIOIb C COCPEJOTOYEHHBIMU IAPAMETPaAMH CIOCOOEH H3ITydaTh
SHEPrHI0 BIOIb CBOEGH OCH, 4YTO, OE3YCIOBHO, IPOTUBOPEUHT
BBIBOJAM, BBITEKAOIMUM W3 ypaBHeHmi Maxkceemma. U3 pucyHka
BUAHO, YTO BJAONb OCH JAMIIONAS BEKTOPHl MOINHOCTH, CKOPOCTH
pacnpoCTpaHEHH U BICKTPUYCCKON HANPSDKCHHOCTH COBIAJAIOT IO
HaIPaBICHUIO C HANPABICHUEM OCH JUIONS, a MOMEPEK OCH TUIOISL
BEKTOP MOIIHOCTU M BEKTOP HANPABICHUS PACIPOCTPAHCHUS JIEXKAT B
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IJIOCKOCTA CHMMETPHUH JTUIONSA, HPHYEM BEKTOP JSJIEKTPUUIECKON
HaIPsDKEHHOCTH TApaUIeIeH OCH JWNONS W MEPICHAUKYIIPEH
HaIIPABICHUIO PACIIPOCTPAHEHHS MOIITHOCTH.

Kak Opl10 mOKa3aHO BHILIE, IPU PA3BUTUH 3IEMEHTAPHOH TPyOKH
3JEKTPUUECKOTO OIS B IPOJOIBHOM HAIPaBICHWH HA €€ TOpIE
MOTOK 3(upa mepeMeIacTcs B HAIPABICHUN, IEPICHANKYISPHOM €€
ocu. CnenoBaTenmpHO, PAa3BUTHE  JJICKTPUYCCKOTO  MOIS B
MPOCTPAHCTBE BO BCEX HAIMPABICHUAX OYICT MNPOHUCXOIUTh CO
CKOpPOCTBIO OWHAKOBOM M PABHOM CKOPOCTH PACIPOCTPAHEHUS CBETa
B JAaHHOW Cpexe, HE3aBHUCHMMO OT 3HAYEHHS BEKTOpa IIOTOKa
IIJIOTHOCTH MOIIHOCTH.

MarautHas WHIYKOWS B CPEAE PACHpPOCTPAHIETCS WHAUE, HeM
JJEKTPUYECKas  WHAYKOWAA, a  WMEHHO  IEPHEHIUKYIISIPHO
HanpasieHHio Bekropa. CrneqoBaTenbHoO, 711 BEKTopa 3 cripaBeannBbl
CJIEIYIOIINE COOTHOIIECHU:

divB = 0; (5.85)

ogradB
div gradB+ ——— =0. (5.86)
cot

3aKOH IIOJJHOTO TOKa I MaJbIX HaHpH)KCHHOCTCfI MAarHmuTHOI' O
[OJISt CIICAYET MPEoOpa30BaTh K BUIY:

i(t) = [H(t - r/c)dl = dq)/dt. (5.87)

ITpu ¢opmynrpoBKe 3aKOHA MOTHOTO TOKA CIEAYET yUECTh (aKT
CKHMAaeMOCTH 3¢upa, CIEIOBATENbHO, CXXHMAEMOCTh  CaMOro
MarHUTHOTO TMOJISl ¥ U3MCHEHHE 3aKOHA TUIEPOOTNIECKOro YOBIBAHUS
HANPsDKEHHOCTH MarHUTHOTO HOJISI BOTU3U MPOBOJHHKA.

C y4eToM U3I0KCHHOTO YPaBHCHHUS JJICKTPOMATHUTHOTO MOJS
MPHOOPETAIOT BUA:
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DrotH, O d.=(c+ a;—t)(E@ +Ep i + Ex ) (5.88)
0

2)rot E, O 8y=—pu— (Hy+ Hey + Hey) (5.89)
ot

3) div D + 0D/cot = p; (5.90)

4) div de + 0de/otc = 0. (5.91)

5) div B = 0; (5.92)

6) divgradB + o(gradB)/otc = 0; (5.93)

HHTerpanbHbie BEIPAKCHUSI TPHOOPETYT BUA:

1) e = JE(t—r/c)dl = - dd(t)/dt; (5.94)

2) ey = [H(t—r/c)dl =i(t) = dqct)/dt; (5.95)

3) @, = |D(t —r/c)dS= q(t); (5.96)

4) @, =BdS=0. (5.97)

3gecy e u e, — JJICKTPUYCCKasd MW MAarHUTHas Ppa3HOCTh

noteHuuanoB; @, u @, — ICKTPUUCCKUN U MATHUTHBIN MMOTOKHU; | —
3JEKTPUYECKUN TOK B MPOBOJHUKE; (| — 3aps], MEPEMELIAIOIUNCS B
HANpPaBICHUH 3JICKTPUYECKOTO TOKA (HAMPABICHHOE IIEPEMEINCHHE
npugact eMy GopMy BEKTOpa).

IlepBoe BBIpakeHme — 3akoH Dapajes >SIEKTPOMArHUTHOM
HWHAYKIWHA U BTOPOE - 3aKOH MOTHOTO TOKA OTJIMYAIOTCS OT OOBIYHBIX
HaJIMYIUEM B HUX 3arla3bIBaHMU.

IlpuBeneHHBIE BBHIIE  YPAaBHEHWUS  DIEKTPOMArHUTHOTO TIOJSA
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YACTHBIM PCHICHHUCM HMCIOT ypaBHCHHMS MakcBemia, CIpaBeITUBEIC
JUTSL ICKTPOMATHUTHOTO BOJIHOBOTO (DPOHTA, OJHAKO B PSIC CIIyUACB
MO3BOJIAIOT PEUIMTH HEKOTOPBIC 3a7a49M, KOTOPBIC HEAB3s PEIIUTH HA
OCHOBC MaKCBC/UTOBCKHMX YPABHCHHUIA, HAPUMED 33734y 00 U3TYUCHUS
JUTIONSA C COCPCAOTOUCHHBIMH TMapaMeTpaMd B TONYIPOBOIAIICH
cpene. Ilpu BhIMONHCHUM Psiga YCAOBHI B TAKOM JWIIOJC OCHOBHAS
IO OHEPrUM  OyJEeT PaCHpOCTPAHATHCS HE B TOMCPCUHOM
OTHOCUTCITHHO BekTOpoB E u H HampaBicHWM, a B HamNpaBICHUN
Bektopa E w meprneHaukymapHo BekTopy H. OT0 mpomoibHOE
pacnpoCTpaHCHUE SICKTPOMATHUTHOTO MO MPAKTAYC-CKU CINE HE
H3YUYCHO, XOTS U TTOATBEPKACHO IKCIICPUMEHTATBHO.

HeobxomuMo OTMETHTB, YTO YKAa3aHHBIM BBIIIC  BOBCE  HE
3aKaHYMBACTCA YTOYHCHHE YPAaBHCHUH 3ICKTPOMATHHUTHOTO IIOITS.
ITOT TPOIECC AOMKCH MPOAODKATHCA BCE TO BpPEMS, MOKa OyIeT
BO3HHMKATh HYXJa BO BCE OOIEC MOMHOM PCUICHHU TPUKJIATHBIX
3a1a4.

Taxum 06pazom, 3PUPOAMHAMUUCCKIES TTPEACTABACHIUS TTO3BOIMIOT
YTOUHUTH (HOPMYITHPOBKHU HICKTPOMArHETH3MA B HEKOTOPBIX CITyUasx
cymiecTBeHHBIM 00pa3om. [IpoBencHHBIC YTOYHECHHS HH B KOCM
clly4yac HE SIBISIOTCSA MOMHBIMH. OnucaHue 3ICKTPOMATHUTHOTO OIS,
KaKk W Ja000ro  (pU3MYeCKOro SBICHHUS, MOXET YTOUYHSATHCS
OCCIPEACTbHO TT0 MEPE YBEIHUCHIS YHCTa CTOPOH M CBOMCTB TOJICH,
OXBATHIBACMBIX MOJCIIAMH, TIOCKOJBKY OOINEEC YHCIO CTOPOH M
CBOMCTB JTH000r0 SABJICHUS OCCKOHECUHO BEIUKO.

5.3. Buabl aNeKTpOMarHMTHOro U3ny4yeHus

IMpuBeaem 1wuTaTy w3 CcTarbd «IICKTPOMATHUTHBIC BOITHBD),
MOMEIIeHHOR bonpimoit coBerckoii sumKkIoneaun (u3a. 3-¢, 1. 30, c.
67). Ccpiika Ha [JaHHBIA HCTOYHMK HYKHA I TOrO, YTOOBI
MPOAEMOHCTPUPOBATE O(MUITHATBHBIN B3I COBPEMCHHON HAyKH Ha
MPUPOAY DJICKTPOMATHUTHOTO U3TYUCHHUS.

«JCKTPOMATHUTHBIC BOJIHBI, 3JCKTPOMATHUTHBIC KOJICOAHU,
PACIpPOCTPAHSIOIIMCCS B MPOCTPAHCTBE C KOHCYHOM CKOPOCTHIO.
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CymecrBoBanue J. B. Obuto mpeackazano M.Dapameem B 1832 r.
k. Makceenm B 1865 1. TeopeTMUecKM = TOKa3ad,  UTO
SNICKTPOMATHUTHBIC KOICOAHHUsSI HE OCTAIOTCS JOKATM30BAHHBIMH B
MPOCTPAHCTBE, & PACHPOCTPAHSIOTCS B BAKYYME CO CKOPOCTBIO CBETA ¢
BO BCC CTOPOHBI OT HCTOYHHUKA. N3 Ttoro O6CTOHT€J’IBCTBa, qTOo
CKOPOCTh PacrpoCTpaHCHUsI J. B. B BAKYyME paBHa CKOPOCTH CBETa,
MakcBent caenan BeIBOA, YTO CBET MPEACTaBIsieT coboit J. B. B 1888
T. MaKCBEJJIOBCKAsl TCOPHUS J. B. MOIYUYUIIA TOATBEPKACHHIE B OMBITAX
I'.T'epua, 9To CHIrpao PEINAIOINYIO PONb IS €C YTBCPHKIACHHUS.

Teopuss Makcenna mHo3BONMHIA EAMHBIM O0pa3oM HOAOHTH K
OIMUCAHUKD PAaaAUOBOJIH, CBCTA, PCHTICHOBCKUX nyqef/i n ramMma-
nanydenus. OKka3anoch, U4TO 3TO HE M3MYUCHHS PA3IHMIHON MPHPOIBL,
a 9. B. C pa3MYHON ATUHON BOJIHBI.

...OcobenHocTt 3. B. H 3aKOHBl WX BO30YXXICHUSI U
pacmpoCTpaHEHHsI ONICHIBAIOTCSE MaKCBeIa yPaBHCHUMID).

Taxkum O6p3.30M, OCHOBHBIM MMPpU3HAKOM TOro, qTOo BCC
MEPCUUCICHHBIE BHJABl H3IYYCHUA HMCIOT «COUHYI0 HPHUPOAYY,
MOCITYXXHJIO TO OOCTOSTEIBCTBO, YTO BCE OHHM PACHPOCTPAHSIOTCS C
OJMHAKOBOW CKOPOCTBIO — CKOPOCTBIO CBETA, U 3TO JAJTO0 OCHOBAHHE
JUTSL MX €IUHOOOpa3HOro onucanus Ha 0aze ypaBueHuit Makcseia.

Crexyer OTMETHUTH, HYTO TAKOr0 OOOCHOBAHMS COBEPLICHHO
HCAOCTATOYHO A4 TOTO, IITO6I:I NCPCUNUCICHHBIC BUABL HSHy‘lCHI/Iﬁ
OTHOCUTh K obmel mpupone. OOmas CKOpoCcTh PpacmpoCTPaHECHUS
MOXKET SIBIATBCS CIACACTBHEM HEKOTOPOrO 00uieco ceoiicmea
Pa3IUYHBIX BUJAOB U3TyueHUH. TakuM CBOWCTBOM MOXET OBITh,
HampUMeEp, CBOMCTBO Cpeasl — BS3KOCTH  3dupa, KOTOpOE
obecnieynBaeT  repeaady MOMEPEYHOrO ABMXKCHHS MOTOKA 3dupa
coceaHUM CrosiM. Eciu B CTPYKType pa3HBIX BHIOB H3TYyYCHHUS
OpUCYTCTBYCT OSTOT BHUA ABMXKCHUA, TO, XOTd 3TU BUABI Pa3HBIC,
CKOPOCTB MX PacIpOCTPaHCHHs OYICT OANHAKOBOI.

['maBHBIM TpPH3HAKOM, MO KOTOPOMY MOXHO 0000INATh TE WU
HUHBIC BUAbI U3JIYUYCHUA, AOJIKHA 6LITI: UX BHYTPCHHASA CTPYKTYpa.
Tonbko OANHAKOBOCTb CTPYKTYPBI MOXKCT SIBUTHCSI OCHOBAHUCM IJIA
OTHECEHMSI U3TYUCHUS K OMHOMY KJIACCY SIBJICHUN.
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O ToM, B Kakyr OLIMOKY MOXKHO BIACTb, IPSIMO CBHICTEIBCTBYCT
OTHECEHUE 3JICKTPOMATHUTHOTO U ONTUYECKOT0 U3IYUCHHH K 00ImeMy
KJIacCy SBJICHHUH.

B HacTosmee BpeMs CyLIECTBYET MHOKECTBO HAYYHBIX TPYIOB, B
KOTOPBIX Ui ONHCAHMS ONTHYCCKUX SIBICHUH HCIOJb3YIOTCS
ypaBHeHHs1 MakcBenna 371eKTpoMarHuTHoOro noss. OQHaKo MpakTHKA
HE TMOATBEPIHIA MPAaBOMEPHOCTH Takoro moaxona. Oxazamock, 4TO
MPOHMKAIOMAS CHOCOOHOCTh CBETa B MONYNPOBOISIICH cpeae —
MOpPCKOH BoJe, 00IaAaromell J0CTaTOYHO BBICOKOH MPOBOAMMOCTHIO,
Mo KpaiiHel Mepe, Ha mATh (!) MOPSIKOB HE COOTBETCTBYET pacuctaM,
MPOM3BEACHHBIM HA OCHOBAaHWM YpaBHCHHII MakcBenna: CBET B
MOPCKOI M OKeaHCKOW Bozae mpoHukaeT Briyor Ha 100-150 M, B TO
BpeMsI KakK, UCXOJs M3 MapaMeTpoB cpelbl U ypaBHeHHH Makcsemna,
OH JODKCH MPOHHKATh B MOPCKYIO BOXY HE Jajce YeM Ha JOJH
MUJLTIMETPA.

Hns conmpspkeHHsI TEOPHH M MPAKTUYECKHX PE3yIbTaTOB ObLIN
M300pETEHbl  pPa3iH4YHbIC HCKYCCTBCHHBIC IMPUEMBI, HAIPUMED
BBIIBUHYTO MPEANOJIOKEHHE O TOM, YTO Ha BBICOKHX YaCTOTaxX
MPOBOAMMOCTh BOJBI MAJACT, U 3TUM OOBACHSIIOTCS MOTYUCHHBIC
pesymbratel. Ho M 31ech pacdeTsl HHUKAak HE MOATBEPKAAFOTCS
(UBHUIECKIM MEXaHU3MOM SIBJICHHSL.

Takum  obpazomM, B  Bompocax O  PacHpOCTPaHCHHUU
SJCKTPOMATHUTHOTO HM3IMYYCHUS [O HACTOSINETO BPEMCHH HET
Jo/kHOM sicHocTr. OQaHaKo 3(UPOAMHAMUYCCKUAN MOIXOA MO3BOJISICT
XOTs Obl B MEPBOM MPUOMIKCHHU MOHATH CTPYKTYPY Pa3IHYHbBIX
BHIOB W3Iy4YCHUS, M YXKE U3 ITOr0 JCIaTh Pa3THIHBIC BBIBOJBL.
BeisicHUOCh, B YAaCTHOCTH, YTO HYXXHO pasiHyarh MO KpaiiHe mepe
ISTh BUJOB H3MYYCHHS BCIICCTBOM OHEPTMUM BO  BHCIIHEE
MPOCTPAHCTBO:

- KBa3UCTATHYECKOE IMOJIC TOKOB PACCESHUS;

- IPOJOTBHYIO 3JIEKTPOMATHUTHYIO BOJIHY;

- MIOTICPEYHYIO SJICKTPOMATHUTHYIO BOJIHY;

- oToHHOE U3TYUCHHUE:

- aypHUECKOE H3TyUYCHNC.
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IlepBbic Tpu CBsI3aHBI MEXIy COOOH M JCHCTBHTEIBHO MOTYT
paccMaTpUBATLCA KaK PA3IHMYHBIC KpAWHUE CIy4ad OJHOTO U TOTO XKE
BHJA H3IYyYeHMH — OdJeKTpoMarHuTHoro. KBasmcrarmdeckoe momne
TOKOB PpACCESHF, NMPOAOIbHAS M IIONEPEYHAs 3JIEKTPOMArHUTHBIE
BOJIHBI ~ MOTYT  paccMaTpwBaTbCs  KaK  YacTHBIE  CIydau
3JEKTPOMAarHUTHOTO H3MY4EHHSI JUIONSL C  COCPEAOTOUCHHBIMU
MapaMeTpaMH B OIYIIPOBOMAIICH cpeae.

@DOTOHHOE M AYPHUECKOE MIIYUCHHUS MMEIOT HMHBIE CTPYKTYPHI U
HOJ BUA 3JICKTPOMArHUTHOTO U3Ty4YCHUS HE MOANAAAOT.

Hmwxe paccMOTpeHBI CTPYKTYpPBI MEPBBIX TPEX H3IYUCHHH,
aypUYecKOe U3IydeHHE OBIIO PACCMOTPEHO BHINE, B TIdaBe O,
(boTOHHOE paccMaTpHUBACTCS B I 9.

5.4. KBa3uctarnuyeckoe norsie TOKOB pacTtekaHus

KBasucratndaecknuM 1osieM TOKOB PAaCTEKaHUS CUHTAETCS CIIydai,
KOrJa AJTUHA 3JICKTPOMATHUTHON BONHBI COU3MEPUMA C PACCTOSIHHEM
OT MPUEMHUKA IO UCTOYHMKA THO0 mpepbimact ero. C TOUku 3peHust
3(UPOIMHAMUKH 3TO 30HA, B KOTOPOH OJJICKTPOMATHHUTHAS BOJHA
MPOXODKACT TMOAMMUTHIBATECS OT HCTOYHHKA. lloaTomy 3aTyxaHue
AMIUTITYABl C YBCIHMYCHHEM PACCTOSHHUS 3[ECh 3aBHCUT TOJBKO OT
TEOMETPUH M MAJIO 3aBHCUT OT CBOMCTB CPEIbl H YaCTOTHI TOKA.

OueBHIHO, YTO OCHOBHAS MOIIHOCTD M3ITYYCHUSI 3aTPAunNBaCTCs Ha
OMWKHIOK 30HY. B monynposomsmedr cpexe 3Ty 30HY MOXKHO
HUCKYCCTBCHHO  HCKIIOYHTh, YCTAHOBHB MCGXKIY  OJCKTPOAAMHU
IJIACTHHY W3 H30JAIHMOHHOTO MaTepHata M IepPepacHpencinB TeM
campiM  TOK (puc. 5.10), CYINECTBEHHO VBEIMYUB JAbHOCTH
pacnpocTpaHEHHS TOKOB PACCESHUS.



JIEKTPOMATHHTHOE TOJI¢ 149

2enepamop

cenepamop

6)

a)

Puc. 5.10. Ksa3sucrarmueckoe H3JIyYeHue TOKa JITI0JIEM [
COCpeIOTOYeHHBIMHI TIapaMeTpaMi: a — 0e3 M30JIHPYIONIEil Ieperopojku; 6 — ¢
M30JIMPYIONIEH Ieperopofkoii MeXAy 5SIeKTpoJaMd JUWIONSI, B OSTOM CIydae
MOITTHOCT TTepepacIpeieNisIeTcs B JATHHIOK 30HY

Crexyer TaxKe YUUTHIBATh, YTO IMOTEPH SHEPTUHU B OMIDKHEH 30HE
IPSIMO 3aBUCST OT IUIOMIAAN 3JCKTPOIOB, MOCKOIBKY COIPOTHUBIICHHE
CITOSI cpeapl BOMM3HU BIICKTPOAA U COOTBETCTBEHHO BBIACTSIEMAs B €rO
OKPECTHOCTH TEIIOBAsI MOILIHOCTD MPOMTOPLIMOHANBHBI TUIOMIAIH, KaK
3TO U caeayer u3 oOsryHoro 3akona Oma (puc. 5.11). Ilosromy ams
VMCHBLICHHUST TOTEPh B OMIDKHEH 30HE LEnecoo0pa3HO —IMo-
BO3MOKHOCTH MAaKCHMAJIbHO YBEIUYHUBATH ILIOMAIb JJICKTPOIOB.

B nmomonHeHue wemecooOpa3sHO HANOMHHTH, YTO TSI MOPCKOM
BOJIHI, SIBJISIOIICHCS TUITHIHO MOIYTPOBOJSIEN cpenoit,
MMPOBOAUMOCTh HAXOAUTCS B mpeaenax 1—10 Om “m' . D10 o3HAauaer,
4YTO Ha BCeX uacTortax, MeHbimmx 800 ml 1, mpeobnagaromeii Oyaer He
pCaKTHBHAs, a AKTHBHAs COCTAB/SIOMIAs, T.C. HA BCEX MCHBINUX
4acTOTax Cpeaa SIBISCTCS OOBIYHBIM PE3UCTOPHBIM IPOBOJHHUKOM,
MPaKTHIECKU O€30 BCAKOH PEAKTUBHOM (EMKOCTHOI) COCTABIISIIOMICH.
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Puc. 5.11. 3aBucuMocTh TajJeHHsI HAMPsLKEHNs] BOJHM3H JJ1eKTpoaa oOT
IUTOIIAIN TIOBEPXHOCTH J1eKTPoJa MPU M3JIyYeHNHN TOKA B MOIYHPOBOISIIYIO
cpexy. I'padux cooTBETCTByeT IOTEpSM DHIEKTPUUECKOrO HAIPSDKEHUS BOIM3U
3IIEKTPO/Ia MAapoBoit GopMBI

B paccmaTtpuBacMOM Ciydae pPacIpOCTPAHCHUE 3ICKTPUUCCKOM
COCTaBJISFOLICH MPOUCXOTUT O€3 YUACTHSI MATHUTHOTO OIS AAXKE IS
MEPEMCHHOTO TOKA, IMOCKOJbKY MArHUTHOE IIOJNE OKAa3bIBACTCS
MOJTHOCTBIO CKOMIICHCUPOBAHHBIM B KaKIOW TOuYKe cpexabl. s ero
MOYYCHUSI HEOOXOIMMO 4YacTh CPEAbl 3aMCHUTh HA CPEAY C HMHOM
NPOBOAMMOCTBIO, HAampumep Ha wu3oasTop. Toraa B 3TOM
MPOCTPAHCTBE MATHUTHOE TOJIC BO3HUKHET (pHc. 5.12).

Puc. 5.12. Bo3HIKHOBeHIe MATHUTHOT'O I0JIsI Ha rpaHune cpeibl 1 BHYTpHI
Cpelibl IpU IIOMENMEHNN B HEE N30/ISIIUMOHHOr0 o0beMa
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5.5. CTpykTypa nomnepe4Hoii 3J1eKTpOMArHUTHOM BOJTHBI

Ilonepeunas >neKkTpOMarHWTHAsS BONHA PACHPOCTPAHSETCA B
HaIMpaBICHUM, MEPIECHAUKYISIPHOM OCH JAMIONS, B TAKOM BOJIHE
BEKTOPBL  DJJEKTPUYECKOM M MAarHUTHOM  HAaNpPsDKEHHOCTEH
PaCIOIOXKEHBI B POCTPAHCTBE MEPIEHAUKYIISIPHO APYT APYTY, JIEXKAT
B IUIOCKOCTH ()POHTA BOIHBI W MEPICHAUKYIIPHBI HAIMPABICHUIO
JBIDKCHUS — HAIpPaBICHUIO PACHpPOCTPAHEHUsI BONHBI — BEKTOPY
pacnpocTpaHEHH SHEPTHH UM, KaK €0 HAa3bIBAIOT, BEKTOPY Y MOBa-
[otiHnTHHra. JneKTpUveckass HAMPsHKCHHOCTh B BOJTHE BBIPAXKCHA
TAKUMHU JKC BHXPCBBIMH IMOTOKAMH, TEMH JK€, YTO U B OOBIYHOM
3JIEKTPOCTATUYECKOM  IOJIE,  MArHUTHAasT  HANOPsDKEHHOCTb — —
IPaAMCHTOM CKOPOCTH BHXpPEBOro ABibkeHHs. OTcroga MOXET OBITh
MONTYYEHO IPEIACTABICHHE O CTPYKTYpPE IIOIEPEYHOH BOIHBI (pIHC.
5.13).
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Puc. 5.13.CTpyKTypa nonepeqHoii 371eKTpPOMarHUTHOH BOJTHBI
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[Tonepeunas sneKTpoOMarHUTHAS BOTHA COCTOUT M3 Habopa BUXpe
SJCKTPUYICCKOH WHAYKIHMH, OCH KOTOPHIX PACHONIOKEHBI BIOIb
BOTHOBOro (poHTa. OTH BUXPH HAMNPSDKCHBI M CTPEMSTCS
pacpUTbCs, YTO NPUBOTUT K TOMY, YTO BCS CHUCTEMa BUXpEH
CTpEMHTCsl 3aHATh OompIIyi0 ImIomaab. Ho caemate 3T0 MOXHO,
TOJBKO MPOABHUHYBIINCH BCCH BOMHOW BIICPEA, AATBIIEC OT HCTOYHHKA.
Taxnm oOpazom, HNpUYUHON MEPEMEIICHUS MOMIEPEYHOU
3JCKTPOMATHUTHOW BOJHBI B MPOCTPAHCTBE SIBJSICTCS BHYTPCHHSIS
SHEPrUsl BUXPEH 3JICKTPUUCCKOW MHAYKLIUH. JTO 03HAYACT, YTO IMPH
HICUCPTIAHUM 3TOM IHEPTUH BUXPH PACHATYTCS W 3JICKTPOMATHUTHAS
BOITHA MPEKPATUT CBOC CYLIECTBOBAHNC.

CkopocTh TepeMEICHHsT MONEPEYHONH BOMHBI B MPOCTPAHCTBE
OTPEIENSICTCS CKOPOCTBIO MEPENavH IOMEPEHYHOr0 JIBMIKCHHUS OT
oxHOro ciost 3dupa K Apyromy. ITO €CTh CKOPOCTh BTOPOrO 3BYKA,
KOTOpasi CYLIECTBEHHO MCHBIIE CKOPOCTH IEPBOrO 3BYKA — CKOPOCTH
mepefayv  Manoro JaBlICHHWsS B MpeAciaaxX MOAYNIS YIPYrocTH.
CKkopocTh BTOPOTO 3BYKa ONPEACISICTCS] COOTHOLICHHEM

VoV = O, = Vdy/24, (5.98)

rOC ¢ — CKOPOCTh CBETA, V3B - CKOPOCTh IEPBOrO 3BYKa (CKOPOCTbH
pacnpocTtpaHeHust rpaButarmu); d, - AMaMETp amepa — MOICKYJIBI
a¢upa; A - cpeansist aTuHA CBOOOAHOTO mpodera amepa.

CkopocTh K€ TICPBOTO  3BYKA OMNPEIACITACTCA  M3BECTHBIM
COOTHOIICHUEM

vV =\ yP/p, (5.99)

rae y — mokazarenb aguadarer 3dupa (1 <y < 1,4), P — nasacuue
3¢upa, p — ero MIOTHOCTh B JAHHOH TOYKE MPOCTPAHCTBA.

CKkopocTh pacnpoCTpaHEHHUsI 3JEKTPOMATHUTHON BOJHBI B Cpele,
o0najaromei TOBBIMICHHOW AMANEKTPUYECKOH IPOHHULAEMOCTHIO,
OyZAeT OnpeaesIThCS COOTHOLICHHEM

co=cNp, =cNe (5.100)
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rac p, — IUIOTHOCTh 3(upa, BOBICKACMOrO B JABIDKCHHE BHXPS
SJEKTPUICCKOH MHAYKIUU B cpelac (a He BCs IUIOTHOCTh 3¢upa B
cpene!), € — OTHOCHUTEIbHAS JUAJICKTPUUCCKAsI IPOHULIACMOCTD CPE/IBI.

W3 nmaHHBIX BBIpOKEHHWM cpa3y K€ BHAHO, YTO CKOPOCTB
pacmpoCTpaHEHHs TPABUTALMA K CKOPOCTh PACIPOCTPAHCHUS CBETA
HC OJNHAKOBBI B PasiInIHbIX O6J'IaCT$IX IpoCTpaHCTBA nu
HEMOCPEACTBCHHO CBSI3aHBI C MapaMeTpaMu 3upa B 3TUX 00NACTIX.

M3 u3105KEHHOIO BBILIEC TAKKE BBITCKACT, YTO IO HCUCPIIAaHUU
SHEPTUM BHUXPEH 3JIEKTPUUYECKON MHAYKIUM TIONEpPEeYHasl BOIHA
MPEKPATUT CBOC CYIISCTBOBAHUE. JTO K€ OTHOCHUTCS K JFOOOMY THITY
SJICKTPOMArHuTHOI'O U3TYUCHUA U BIIOJTHC MOXKCT SBJIATHCSI HpHQHHOﬁ
TOro, 4YTO CBCTOBBIC (I)OTOHI:I OT AJaJCKHUX 3BC3AHBIX CHCTEM HC
JONICTAIOT OO0 3EMIH, W 3TO CBUACTCIBCTBYET HE O KOHCYHOCTU
npocTpancTBa BeeneHHOi, kak 00 3TOM 4acTO MUINYT, & BCETO JIULIb
00 wuCUYCpPmaHWKM WHCTPYMCHTAJIBHBIX BO3MOXKHOCTEH ONTHYCCKOM
ACTPOHOMUH U PAANOACTPOHOMHH.

5.6.CTpykTypa npoaojibHOi 31eKTPOMArHUTHOI BOJIHBI

IMpomomeHast 37ACKTPOMArHUTHAS BOJTHA WMEET CTPOCHHUE HHOC,
HOKEJIM TIONEPeYHas BONHA. B mpomoapHO#M BOHE BUXPEBBIC TPYOKH
SJCKTPUYCCKON MHIAYKIIUM  PACIIONOKCHBI  BJIONb  HATPABJICHVS
nerokeHust (puc. 5.14).
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Puc. 5.14. CTpyKTypa HpOJOJIBLHOI 3/1€KTPOMArHNUTHOII BOJHBL: | — 30Ha
MayIoi HallpsKeHHOCTH; || — 30Ha GOJIBITION HAIIPSHKEHHOCTH

[TpyunHa mBYOKEHHS MPOAOIBPHON BOIHBI Ta e, YTO M Y JTHOOOTrO
ra3oBOro BHXPEBOrO TOPOHIA: OOpaTHOC HAMNPABICHHIO JBHIKCHUS
TpyOkn nBrKeHUE 3¢upa Mo BHEmHEH moBepxHocTH TpyOku. Ilpm
3TOM CIIEAYET OOpaTUTh BHUMAHHE HA TO, YTO HA MEPEIHEM TOPLICBOM
KOHLIC KaKAOW TPYOKH IBIDKEHUE >S(Hpa JIEKAT B IUIOCKOCTH,
MEPICHOUKYISAPHON HANpaBICHUIO IBIDKCHUS Bcell TpyOkH. IT1O
03HAYacT, YTO BCE OrPAHMYCHUS HA CKOPOCTh PaCHpPOCTPAHCHUS
MPOXOJIBHOIN BOMHBI OYAYT TEMH e, UTO M IS MOMEPCUHON BOTHBI.

OTHOCUTENBHO 3aKOHOB OTPKCHHS M MPETOMJICHHUS MPOXOIbHOMN
3JCKTPOMATHUTHOW BOJHBI HA CETONHSIIHUI MOMCHT JAaHHBIX HET,
XOTSI, BEPOSITHEE BCETO, OHH TE XK€, YTO U 'Y OOBIYHBIX BOJH.

[Tockonpky  HAMpsDKEHHOCTh  MPOJOJBHOH — BOIMHBI  MOXKET
U3MCHATBCSL B TpEAeiax OXHOUW CTPYKTYpbl (Hampumep, npu
CHHYCOUJATbHON MOAYISLMH), TO STO O3HAYAET, YTO B MpeAenax
OO0ILICH CTPYKTYPBI HPOTOIBHOM 3JICKTPOMATHHUTHOH BOHBI  YHCIIO
BHUXPEH 3ICKTPHYCCKON MHAYKLHMH B PA3HBIX CCUCHUAX MOXKET OBITH
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pasauuHbIM. JTO, B CBOK Odepenp TpeOyeT MpU3HAHUS
BO3MOXHOCTEU MEPECTPOUKHU BUXPEBOU CUCTEMBI, KOI'Id BUXPH MOTYT
JICNUATHCS WM 00bESAUHITBCS PYT ¢ Apyrom. [IpuHIMnuansHoO 310 HE
JO/DKHO BBI3BIBATh OCOOBIX BO3PAKCHUM, IMOCKOJBKY 3GHUp — HE
HJeaabHas )KUIKOCTh, 4 BECbMa Pa3peKeHHas CTPYKTYpa.

JHEpreTUKa KaKIOr0 BUXPS OJJICKTPUYCCKOW HHAYKIUH B
MPOAOIBHON BOJHE 3aK/IFOYACTCS TOJIBKO B HEM CaMOM. JTO 03HAYACT,
YTO MOTEPH DHEPTHM OYAYT, BEPOSTHEE BCETO, MOAUUHATHCS TEM K
3aKOHAM 3aTyXaHHUs,, YTO U I OOBIYHOM IOMCPCYHOW BONHE, a
3JCKTPUUIECKAS HAMPSDKCHHOCTh BAONb OCH TUIONS OyAeT yObiBaTh ¢
PacCTOSTHUECM B COOTBCTCTBUU C BBIBOJOM M3 ypaBHCHHUI MaxkcBena:

Hopow 112
(—) T
2
E=Ee . (5.101)

3nech E, — HanpspKEHHOCTh HA MOBEPXHOCTH ANEKTPOAA, OIMIKHETO
K paccMaTpuBaeMOH TOYKE, M — OTHOCHTEIbHAS MAarHUTHAs
MIPOHHUIIAEMOCTh CPENbl; ¢ — IPOBOJUMOCTb CPERbI; (0 — KpPyrosas
yacrota wu3aydaeMoil BomHel. OmHAaKO STO  NPEAMOIOKCHHE
HEOOXOMMO MOABEPTHYTh SKCIEPUMEHTAIILHON MPOBEPKE.

Huarpamma HampaBJI€HHOCTH TIPOJOTBHON 3JIEKTPOMArHUTHON
BOITHBI UHAs, YeM ITOTICPEYHOM, U CYIIECCTBEHHBIM 00pPa30M 3aBUCHT OT
COOTHOIIEHHS Pa3MEPOB JIEKTPOAOB M PACCTOSHHA MEXKAY HHUMHU.
Yem MeHbIINE pa3MeEphl 3IEKTPOAOB IO OTHOIIEHHUIO K PACCTOSHHUIO
MEKIY HHMH, T€M YK€ OyOeT auarpaMma HaIpaBICHHOCTH, TEM
Oosipmiast O OHEPrHM OyACT HW3Ay4aThCS B MPOJOIBHOM
HAITPABICHUH JUIIOJS IO OTHOIIEHUIO K U3ITYUEHHUIO ITOTO XKE TUTIONS
B IIOTIEPETHOM HAITPABIICHUH.

Hns npoBepku ¢akTa pacpoCTPaHEHHS SIEKTPUUICCKOro MOs U
COOTBETCTBEHHO JJIEKTPHYECKOTO TOKA BJIOJIb HAIPABICHHUS CBOHX
BEKTOPOB OBLIM MPOBEICHBI JBa OKCOCPUMEHTa. B  mepBom
SKCIEPUMEHTE MCIOIb30BAICS PE3UHOBBINM IIIJIAHT, HAIMOJHEHHBIM
ITOJICOTIEHON BOAON M MOJBEIIEHHBIN HA HUTSAX MOCPEON KOMHATHL. B
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LLTAHT HOMEHIANINCh ABA JUTOMNS ¢ COCPEIOTOYECHHBIMU MapaMeTpaMu
— H3IyYarolUii, COCIWHCHHBIA UEpe3 KOAKCHAJIbHBIA Kadenb C
TCHEPATOPOM  CHHyCOMJANbHbIX koneOanmii I, u mpueMHsIH,
COCOMHCHHBIN 4epe3 KOoaKCHaNbHBIN Kabenp ¢ mpuemaukom I1 —
JUOJHBIM MOCTOM € MUKpoamiiepMeTpoM (puc. 5.15). Hnanr ¢ Bomoit
HMEET MapasuTHYI0 eMKOCTh Cp,, CO CTEHKAMU IIOMEIIEHHS.

Q
................. o
R

R KSR

Puc. 5.15. Cxema »SKcmepuMeHTa 10  IPOBEpKe  IPOJOJIbHOTO
pacnpocTpaHeHHsI W3/Iy4eHUsl JUII0JISI ¢ COCPeI0TOUYCHHBIMHI Mapamerpamu: 1 —
PE3VHOBLI  TIDIAHT, HAIOMHEHHBIM TIIOJICONIEHHOM BOJON; 2 — DIEKTPOJBI
M3IYYAIOIIEro JUIONS; 3 — 3IeKTPOIbI IPHEMHOTO JIVITOIST

BxroucHne 371€KTPOAOB Yepe3 KOAKCHATbHbIC KaOCIH HCKIIOUIIO0
BO3MOKHOCTb MOSIBJICHUSI KAKUX-JTHOO Mapa3uTHBIX KOHTYPOB.

IMpu u3menenun paccrostaust 0 MEXKAY AUMOISIMH B CBSI3H C HE
Pa3BETBICHHOCTHIO TOKA CHUTHAN B MPUEMHUKE HE JOIDKCH MCHSTBCS,
IO KpailHeM Mepe, A0 TeX IOp, NMOKAa CONPOTHBICHUE KaHAla HE
OKa)KETCSI COM3MEPHUMBIM C COMPOTHUBJICHUEM Mapa3UTHBIX EMKOCTCH.
DTO MPOMCXOAUT HA HEKOTOPOM paccTosHun O, Tak Kak
COMPOTHBICHHEC BOAB B KaHAIC W MPOBOAMMOCTH Mapa3sUTHOU
emkoctu Cmap mpomopunoHansael otHomenuto d/6. Ha pue. 5.16
NPUBCACHBI MONYYCHHBIC 3aBHCHUMOCTH. Pe3ympTarT MOTHOCTBIO
MOATBEpANT Ouaauus. [Ipu 3TOM BBUICHHUIOCh, YTO YBEIHYCHHC
COJICHOCTH BOJBI, T. €. YBEJIHYCHUE €€ MPOBOJMMOCTH YBEIUYHUBACT
MOJIC3HBIN CHUTHAN M YBEIWYMBACT 30HY IOCTOSHHON aMILTUTYIbI
BBIXOJHOTO CHTHAIA.
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Puc. 5.16. 3aBuncnMocTh cHTHajIa INpueMHHNKa OT PpPacCTOAHUA MEKIAY
JUIIOJISAMA ITPA IMPOJ0JIbHOM U3J/IyY€HNH SHEPIrIu

B nmanpnelimmem cienyeT mnpoBepuTh (PAKT pocTa  3aTyXaHUs
MPOXONBHON  BOMHBI TNPH  Pa3dHYHBIX  3HAYCHHS  aKTHBHOU
mpoBoauMocTu cpexpbl. Creayer UMETh B BHIY, YTO 3aTyXaHUE B
MOTYHPOBOASIIICH CpPeAe MPOJOTIbHOH BOIHBI MOXKCET OBITH TaKKE
CICACTBUEM TOrO, YTO JHEPrusl KaKIOH MOMYBONHBI (PakTHYECKH
CaMOCTOSITENbHA, IO3TOMY MIPUYHHA 3aTyXaHUs MPOJOIbHON BOHBI B
MOTYHPOBOASIICH CPeae MOXKET ObITh TOH K€, UTO M Y TMOIMEPEUHBIX
BOJIH.

Bo BTOpOM 3KCIIEpHMEHTE HCIIOIB30BACS AWIONb C IMIOCKHMU
SJEKTpoZaMu ¢ (HUKCAUMEH HAMPSHKCHHOCTH U 3ICKTPHYCCKOU
SHEPTHM BTOPBIM JMIIONEM. OKCHEPHUMCHT CTABUICS B TOHKOM
IIIIOCKOM CJI0€ MOTYTIPOBOISIIEH CPEIBI.

Ha pwmc. 5.17 mnokasama gmarpamMma  pacHpOCTPaHEHHS
3MEKTPHIECKOTO OIS,

Er[onep

Enpoa

Puc. 5.17. PacnpocTpaHeHue 3JIEKTPHYECKOr0 IOJIsI  JINIOJNEM €
COCPEJOTOYCHHBIMH HapaMeTpaMi B TOHKOM cJIoe TOJIYNpPOBOJsImeil cpe/pl.
IIpomomnpHast cocTaBILsroIast GOIBIIE IOEPEYHOM COCTABIISIONIEH IO
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Ilpu mapamacaTpbHOM pPACIONOKCHUM JUIONCH W BBIMOJTHCHUU
VCIIOBHUI — PACCTOSHHUS MEXKAY JJICKTPOJaMH B H3Iydareiic u
MPUEMHUKE, paBHOM d = A/2, TIOWAAM BCEX IEKTPOAOB S << R? , TIe
R — paccrosHne mexxay eHTpaMu AWIIONEH U pa3HOCTH MOTEHIINAIOB
ULy Ha 3IICKTPOAAX H3TYYATEIS, HA JJICKTPOAAX HPUSMHUKA MOSBUTCS
pasHocTh noTeHNHanoB Uy, paBHAS B IEPBOM NPUOTIDKEHHN

BIOOJIb OCH JUIIOJIA:

S
Unp = Uy ——— sin(mtd,u/2) sin(rd,/A) (5.102)
47t R?

MIOTIEPEK OCH AMMIONS

S d
U = Upyn ——— — sin(rtdy,,/A) sin(rdyy/A) (5.103)
mR R

rae Oy ¥ Oy, — COOTBETCTBCHHO PACCTOSHHUE MEKAY 3JICKTPOAAMH
M3ITydaTems ¥ MPUEMHHKA

JuarpamMma HanpaBJICHHOCTH OYJCT BHITAHYTA BIOTb OCH JHIOIA U OHA
OyzmeT BBITAHYTA TEM CHIIbHEE, YeM OoIbine OyIeT pacCTOSHHE NMPHEMHUKA
OT M3JIydaresl. A OKOJIO CaMOro M3IydaTelst OHa OyaeT Om3Ka K KpyTOBOM.

CTouT HANOMHHTB, YTO B COOTBETCTBHH C YPaBHCHHIMU
MaxkcBenna BIOIb OCH AWMONS BOOOILIEC HE JOKHO OBITH HHKAKOTO
M3IYYCHUS, MO3TOMY, KOrja mpodeccopa-3IeKTPHKH YTBEP:KAAIOT,
YTO TMPOAOIBHOE W3IMYyYEHHE HE COOTBETCTBYET YPABHEHHSIM
Maxkcgenna, To oHu abconroTHO npaBbl. OHU HE MPaBBl B TOM, YTO H3
3TOro 0OCTOSITEIBCTBA ACTACTCS BBIBOA O TOM, YTO TAKOT'O M3MYUCHUS
BoOOIIC OBITh HE MOXET, Tak, MO KpaiHEH Mepe, B CBOE BpeMs
yrBepkaan akagemuk HWM.E.Tamv, 4r0 mMOCTYXHIO HOPUIHHOMN
3aKpBITUS paboT MO UCCIEIOBAHUSM MPOJONBHBIX 3JIEKTPOMATHUTHBIX
BonmH. Ho m akageMuky MOryT ommoaThesl, TOMBKO, K COMKAICHUIO, X
OIUOKH 0OXOIATCS TOPOTO.
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Buieoowt

1. Tlapamokcsl ™ TpPYZHOCTH PEIIEHHMS HEKOTOPHIX 33434
SJCKTPOAWHAMUKH  CBSI3aHBI C  HECOBCPLICHCTBOM  YPaBHCHHMA
3JIEKTPOMArHUTHOTO oI, 0asUpYOMHXCS Ha MOJCTH
MICATU3UPOBAHHOTO  (HEBSI3KOTO W HECXKHUMAEeMOro)  adwupa.
CoBepIICHCTBOBAHNE YPAaBHECHUI  3JICKTPOMATHUTHOTO MO M
3aKOHOB 3JICKTPOMArHETH3Ma BO3MOXKHO JTUIIb HA OCHOBE YTOYHCHUS
HCXOOHBIX MOJENCH, B YaCTHOCTH, CBSI3AHHOTO C YYCTOM pPCEabHbIX
XapaKTEePUCTUK 3(HpPa, €ro BI3KOCTU U CKUMAECMOCTH.

2. B cBs3M C TeM YTO MCXOAHBIMH (PU3UUCCKHIMH HHBAPHAHTAMU
SIBILIIOTCS. COCTaBJLSIFOINUC JBYIKCHUS — MaTepus, MPOCTPAHCTBO U
BpEeMs, UMYy B MEXaHUKE COOTBETCcTBYeT cucteMa exuHun MKC
(merp, xmmorpamm, cekyHzaa), cucrtema eaunuly MKCA (metp,
KWJIOTPaMM, CEKyHIa, AMIep), NpPUHATasT B SICKTPOIUHAMUKE,
OKa3bIBACTCSl N30BITOYHON M 3aTPYIHSIOIICH MOHUMaHHE (PH3nYecKoi
CYLIHOCTH  MpOLIECCOB  3nmekTpoMarHetn3ma. Ha — ocHoBanmu
paspaboraHHbIX MoOAeAcH djekTpomarHetu3ma cucrema MKCA
mpeodpasosana B cucremy MKC.

3. Bce W3BECTHBIC BICKTPOMATHHUTHBIC SIBJICHHS — MOXKHO
HMHTEPIPETUPOBATh C MO3ULMIA ra30BOM AWHAMUKH 3(upa, mpu 3ToM
SJCKTPUYCCKUIA  3apsii  WHTCPOPETUPYETCS  KaK  LUPKYJISLIHS
KOITBLICBOH  CKOPOCTH ILIOTHOCTH 3(Upa MO BCEH MOBEPXHOCTH
BHHTOBOI'O TOPOWAATBHOTO BHXPS — TMPOTOHA WIM 3JCKTPOHA;
MOJSIPHOCTh — KaK 3HAK BUHTOBOTO JBMOKCHHS 3(Upa BOKPYT 3apsiia;
SJCKTPUYECKOE TIOJNE€ MOXKHO HHTEPIIPETUPOBATh Kak  HaOOp
Pa30OMKHYTBIX BUXPEBBIX TPYOOK 3¢upa, B KOTOPHIX 3(GUp BpariacTcs
BOKPYT OCH TPYOKH M MOCTYNATEIbHO IBIDKETCS MO OCH TPYOKH OT
3apsiza, a mo nepudepun — K 3apsay; MCKTPUICCKYIO IPOHULIAEMOCTb
BaKyyMa MOXKHO HWHTEPIPETUPOBaTh KakK IUIOTHOCTh 3¢upa B
CBOOOZHOM  OT  BCLICCTBA  MPOCTPAHCTBE;,  JJICKTPUUCCKYIO
MPOHHULAEMOCTh BEIIECCTB — KaK CBOWCTBO BEIICCTB YBCIUYHMBATH
IJIOTHOCTH 3(upa B TpyOKax 3JICKTPUYCCKOrO MO 33 CHET CHUKCHUS
€ro CKOPOCTH JBWKCHHSI, BEIUYHMHA SJICKTPHYCCKON OTHOCHUTETBHOMN
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MPOHULIAEMOCTH PABHA OTHOLICHUIO IUIOTHOCTH 3(Upa, ABHKYIIETOCS
B COCTaBe TPYOKHM B BECLISCTBE, K IUIOTHOCTU 3(HUpa B BAKyyMC;
MArHUTHOE TOJ€ MOXKHO HWHTEPIPETUPOBATh KaK IMOCTYMATEIbHOE
JBIDKCHHE 3(Hpa B BUXPEBBIX TPYOKAaX, MATHUTHYIO HMPOHULIAEMOCTb
— KaKk CBOWCTBO BCIIECTB YBEIMYUBATH CKOPOCTb MOTOKOB 3(upa 3a
CHET MOBOPOTA JOMCHOB B MaTepHalc.

4. Ha ocHoBE 3(HpPOAMHAMUYCCKUX MOJC/ICH 3ICKTPOMATHUTHBIX
SIBIICHAN YTOYHEHBI HEKOTOPBIE 3aKOHBI JICKTPOMArHETU3MA, PA3BHUTHI
YpaBHEHUS 3JIEKTPOMArHUTHOTO o, MpeCcKa3aHbl u
SKCIEPHUMEHTAIPHO  MPOBEPEHBI HEKOTOPBIC 3aKOHOMEPHOCTH, HE
BBITCKAIOIINE U3 KIACCHYCCKUX YPABHCHHH 3JICKTPOMATHHUTHOTO MOJIS
Maxkcsenna, 3akoHa Dapaaes 31CKTPOMArHUTHOM WHAYKLIHH, 3aKOHA
MOTHOr0 Toka © T.ai. Ilpeacka3zaHo ©  SKCIEPUMEHTAIBHO
MOATBEPXKICHO CYIICCTBOBAHUE MPOJOIBHO PACHPOCTPAHSIOLICIOCS
BHC 30HBI HHAYKLHH 3JCKTPUYCCKOTO MO, IOKA3aHO BIIUSHHC
BHCIHETO OTHOCUTEIBHO HM3MEPHUTCIBPHOIO KOHTYpPa MATHHTHOTO
OIS, MPEACKA3AHO U KCIICPUMECHTATIBHO MOATBEPAKICHO YILIOTHCHUE
B TNPOCTPAHCTBE MATHUTHOTO IIOJS, ONMPEIACICHBI 3aBHCUMOCTH IS
B3aMMOHWHAYKLIIH MPOBOJAHUKOB, KOTOpBIC MOATBEP>KACHBI
SKCIEPHUMEHTAIPHO M KOTOPBIC CYIIECTBCHHO OTIHYAKOTCS OT
MaKCBEJUTOBCKHX 3aBUCHMOCTEH.

5. PazpaGotaHHblE MOJETH 3JIECKTPOMATHHTHBIX SIBJICHUH C
MPUBJICUCHUEM MPEACTABICHUA 00 3(Hpe MO3BOISMIOT €CTECTBCHHBIM
oOpasom  w30aBUTbCS  OT  MHApPaJOKCOB  JIICKTPOIUHAMHUKH.
[IpoBeneHHBIE OKCIIEPUMEHTBI HOATBEPIMIN  LEICCOOOPA3HOCTh
VTOUHEHHS! (PYHTKLIHOHATIBHBIX 3aBUCHMOCTCH 3JIEKTPOMArHETH3MA U
CYLICCTBOBAHUE MPEACKA3aHHBIX SIBJICHUI, B TOM YHCJIC 3aBUCHMOCTH
HaBoaumoii JJIC B pamke HE TOIBKO OT BHYTPCHHErO, HO U OT
BHCIHETO MO OTHOIICHHIO K HEH MACHUTHOTO MO, HANTHYHC
B3aMMOHMHIYKIHN TPOBOJAHUKOB, CYIICCTBOBAHUE MPOXOIBHOrO
3JEKTPOMATHUTHOTO U3TYUCHHS 1 HEKOTOPBIX IPYTHUX.



161 3aksIoueHne

3aknryeHune

Bce ocHoBHBIE OKCICPUMCHTAIBHBIC OCHOBBI JJICKTPOTCXHUKHU
CO3JaHBl B TICPBOHA MONOBHHE 19-rOo CTOMETHSA, M B 3TO JKC BpeMs
CO3JaHBI OCHOBHBIC TEOPETHUYCCKHE €€ OCHOBBI. [locieHIM KpYITHBIM
JOCTH>KCHHUCM 6]:1.]'[ «TpaKTaT 06 QJICKTPUYICCTBC MU MATrHCTU3MCY,
HaMWCaHHBIN aHTmiickuM yaeHbM [[x. K. MakcBemioM, B KOTOPOM OH
0000 pe3ynbTaTel PadoT 24 yueHsIX. DTO 0000IEHNUE BBIIHIOCH,
B YaCTHOCTU, B CUCTCMY ypaBHCHHﬁ, U3 KOTOPBIX, KaK YaCTHBIC
crydau, BBITCKAJIN 3aKOHBI, OIMHUCBIBAIOIUC OTACIIbHBIC
SJICKTPUYICCKHUC SIBJICHUA.

C Tex mop mpounto Oonee cra TpUAUATH JCT. 3a 3TO BPpEeMs Ha
OCHOBE JOCTIKEHHH 19-r0 Beka M MaKCBETOBCKOW TEOPHH CO3AAHBI
LEMBIC  OTPAciId MPOMBINIICHHOCTH BO MHOTHX CTpaHax, 3TO
OHCPrCTUKA, OJICKTPOTCXHUKA, pPaanuoOTCXHUKa nu QJICKTPOHUKA,
KOTOPBIC IPOHHUKIN BO BCC OTpacCj HayKW, TCXHUKH, TPaHCIIOpPTA,
cBa3u U Obrta. Co3maHbl MHOTME THICAYM HAMMEHOBAHWI W3AENHIA,
HUCMOJIb3YIOIIUX 3JICKTPOMATrHUTHBIC ABJICHUSA, U CCTOAHA HCT HUKOTO,
KTO YCOMHMUIJICSA 6]:1 B CHPABCAJIUBOCTU IOJYUYCHHBIX HAYYHBIX U
TEXHUYCCKUX PE3YIbTATOB. ITO CO3AANO0 MPEACTABICHUS HE TOIBKO O
HCIIOTIpCHIMMOCTH HaﬁﬂCHHLIX 3aKOHOB 3JICKTPOTCXHUKH, HO U 06 nux
abcomoTHocTr. Ho 3T0 mocnenHee HeBEpHO

Ha camoM pgeme, 3a HCKIIOYCHHEM HECKONBKHX 3aKOHOB
COXPAHCHUS, OTPAKAIOMIMX CBOWCTBA BCEOOIMUX  (hU3UICCKUX
HUHBAPUAHTOB — COXPAaHCHUA MaTCpuU, NPOCTpaHCTBA, BPCMCHU U UX
COBOKYITHOCTH — JABHKCHHUI C Y4UYCTOM OXBaTa BCCX ypOBHCﬁ
HEPAPXHUECKOTO CTPOCHHS MATEPUH, BCE OCTATIBHBIC «3aKOHBD) HOCAT
YJACTHBINA XapakTep. 3TO 3HAYUT, YTO 3TH «3aKOHBI» €CTh BCCro JIHIITb
ncpBoOC HpI/I6J'II/I>K€HI/IC K HUCTHUHC, I/I6O KaXXI0C€C KOHKPCTHOC ABJICHUC
MMEET OCCUMCICHHOE MHOXKECTBO CBOMCTB M XOTSI OBI IMO3TOMY OHO
MOET OBITh OMHCAHO TONBKO MpHOImKeHHO. YTOOBI omucath Jr000e
SBIICHNEC BO BCCH TMOMHOTE HYXXHO COCTaBUTb OCCUHCICHHOC
MHOXCCTBO YpaBHCHUU C 6GC‘II/ICH€HHLIM KOJINMYECTBOM YJICHOB B
KaXXI0M M3 HUX, 4 3TO HC TOJbBKO HCBO3MOXHO, HO M HC HYXXHO.
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IToaToMy abCOMFOTHO TOYHBIX YPABHCHHM YACTHBIX 3aKOHOB IMPOCTO
HE CYLICCTBYET U CYIICCTBOBATH HE MOXKET. ITO KACACTCS JAXKE TAKHX
(byHIAMCHTAIBHBIX 3aKOHOB, KaK 3aKOH BCEMHPHOTO TATOTCHHUS
W.HyroTona nnm 3akoHsl HeOecHO# mexanuku. Ho 3o ke kacaercsa u
ypaBHEHuT MakcBe/ia U JTIOOBIX JAPYTUX 3aKOHOB 3JICKTPOTEXHUKH,
PAAVOTCXHUKU U 3JICKTPOHUKH. KakIplii «3aKOH» OTpaskaeT JIHIIb
YACTHOE SIBJICHUE, OMPEACICHHOC KOHKPETHOM LGB0, M OTPaXacT
TOJIBKO C OMPECIICHHONW CTCIEHBIO TOYHOCTHU, MOCKOIBKY HE MOXKET
Y4eCTh BCE OCOOCHHOCTH, BCE HEIMHCHHOCTH, BCE BTOPOCTCIICHHBIC
JICTalld, KOTOPBIC HEMHHYEMO B HEM CKPBITHI.

3a mpowemmue Oodee cra mer B o0nacTH  TeopuU
3JCKTPOMATHETH3MA TMPAKTUYCCKA HE CO3AaHO HHUYCTO HOBOTO.
Ilostomy HE  JO/MKHBI  BBI3BIBATH ~ OOCTPYKIMH  HOIBITKH
MEPCMPOBEPUTh  YIKC M3BECTHBIC 3aKOHBI, IOCTaBUTh HOBBIC
SKCIICPUMCHTBl WM HAWTH HOBBIC (DYHKI[HOHAJBHBIC 3aBUCHMOCTH,
cBs3bIBarOIUe (pusmueckue BemuuuHbl. HaoOOpoT, MMEHHO 3TO U
SBJISICTCSL LICABI0 HAyKH. OJTO JKE Kacaercs U TCOPECTUYCCKOU
3JICKTPOTCXHUKH.

YenoBeuecTBO IKCIUTYATHPYET TOCTIKEHHUS BETUKUX YIEHBIX 19-
ro cronerus 0ojnece Beka. OHM OKa3aMCh UCKIIOYHUTCIBHO ITOJIC3HEI,
HO OHM K€ HC OTKPBLIM M MHOIO€, YTO CILIC MPEACTOUT OTKPBITH U
WCIIOIB30BaTh HAa 0j1aro JHOAAM. A HEKOTOPBIC OTKPBITHIC SIBICHUS
OKa3ajuCh YTPAYCHHBIMH, MPUMEPOM SIBIISICTCS DJICKTPOTCXHHUKA
Huxomer Tecna, 1OCTUTHYBIIETO PE3yNbTaTOB, KOTOPBIC CEHYac, CTO
JCT CIOYCTS HHUKTO HE MOXKET BOCHPOH3BECTH, MOTOMY HYTO 3TO —
JIpyras 3JCKTPOTCXHHKA, OCHOBAHHAS HA APYTUX 3aKOHAX, KOTOPHIC
TENePhb HYKHO HAXOJAUTH 3aHOBO.

0060 Bcex (hHU3UUYCCKUX SBICHUIX MBI MBICTUM MOJC/SIMH, TO €CTb,
TEMH WJIA WHBIMH TPCACTABICHUSIMH O (DU3UUCCKUX MpOoIeccax,
MPOUCXOMAIINX B OTUX sBACHUAX. HO 3TO BCero muiump Hamm
MPEACTABJICHUS, HE BCErAa BEPHBIC. OTH MPOLICCCHI MBI OIHUCHIBAEM
MAaTEMATUYCCKH, BHOCA M B OTH ONUCAHMS JOMOIHUTCIHHBIC
umetouHoctu. Ho 310 Bce ke myTh packpeiTust 3tux 3akonoB. Ho korga
TCOPETHUKHU HE CTPOST (PU3MUCCKUX MOJCIICH, a HBITAIOTCS U3 OAHUX U
TEX K€ YK OTKPBITHIX 3aKOHOB BBISIBUTh HOBBIC CJICACTBUS, TO TAKON
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MyTh 3aBEIOMO OOpEYEH Ha HEyxady: HOBOC MOKHO HANTH TOJBKO
MPUBJICKAas HOBBIC MPCIACTABJICHHUS, HOBBIC (DAKTBI M CTaBs HOBBIC
OKCIICPUMCHTEHI.

Ceroaast B 007acTh TEOPETHYECKOTO JJICKTPOMATHETH3MA MBI
CTaJKMBACMCSI C TEM K€ KOHCCPBATH3MOM, KOTOPBIA MOPA3UI BCIO
TCOPECTHUUCCKYI0 (DM3UKY: CcaMa TOMBITKA HAWTH YTO-TO HOBOC B
o0macTé  3JCKTPOMArHETU3Ma HATAJIKMBACTCS HA  OOCTPYKLIHUIO
CIICLMATUCTOB. JTO HEMPABUIIBHO.

B HacTosiee BpeMs BCS HayKa HAXOJAWTCS B KPU3UCE, CBI3AHHBIM
HMMEHHO C KOHCEPBATHU3MOM CIICLHATUCTOB, CUUTAIOIINX, YTO BCC YIKE
CIemaHoO M BCE JABHO siCHO. Ha camom aene Mbl HaXoAMMCS TEpe]
BCIUICCKOM HOBBIX TIOMCKOB W OTKPBITHA BO BCEX 00MACTAX
CCTCCTBO3HAHUS, BKIIOYAA  DJICKTPOTCXHHKY, PATAOTCXHUKY U
37ekTpoHuKy. EcTh ocHOBaHMs monarath, 4TO 3(QHUPOAMHAMIYECKUN
MOJAXON OKAXCET CCPhE3HYIO TIMOMOINb TAKHUM TMMOMCKaM. A  wux
pe3yapTaToM OyAET HE TOIBKO YTOYHCHHE YXKE CYLICCTBYIOLINX
3aKOHOB, HO M B HCKOTOPBIX CIYUAsX MX MOTHBIN MEPECMOTP.



164 Jlureparypa

JTumepamypa

K 66edenuro

1. Dureasc @. Anekrpruectso// Auanekruka npupoasl. K.Mapke
1 ®@.Oureasc. Cou. 2-¢ n3a. M.: I'ocnomutusaar, 1961. T. 20. C. 433-
485.

2. AmroxoBekuii B.A. K nonoxkenuto B ajekrponguHamuke. B kH.
B.A. AurokoBekuii.  Martepuamusm  u - pemsituBmaM.  Kpurtnka
METOJOIOTHH COBpPEeMEHHOH Teoperuueckor ¢uauku. K 100-neruro
BbIxona B ceer kauru B.M.Jlemnna «Matepmanusm 1 persITHBH3MY.
M.: «letut», 2009. C. 107-114. OH 3ke. IDNEKTPOMATHUTHEIC
spieHust. B k1. «O0wmas s¢upoannamuka. MoaempoBaHue CTPYKTYP
BCIICCTBA W TMOJCH HA OCHOBE MPEACTABACHHUIA O Tra30mog00HOM
aupe». M.: ueproaromuzaat, 2003. C. 297-409.

K znage 1

1. Maxkumes I'.Sl. Qnexrpuyecrso. BCI, 3 wmzx. M., usg-Bo
Coserckas sumukitonenus, 1978. T. 30, c. 48-49.

2. Kyapsisues I1.C. Ucropus ¢uszuxu. M.: Yunearus, 1956.

3. JIbouu M. Ucropust ¢usuku: Ilep. ¢ uran. 3.JL.bypiureiina.
M.: Mup, 1970.

4. BbecconoB JILA. UHcropus paszBUTHS SICKTPOTEXHHKH U
cranoBicHne kypca TOJ. TeopeTudeckue OCHOBBI JICKTPOTCXHUKH.
JnextpomarautHoe momne. 9-¢ uza. M.: Uza-Bo «["apmapuxm», 2001.
C. 305-310.

5. ®apageit M. Cuisl MaTepud ¥ HUX B3AUMOOTHOIICHUSI.
IIyonuunsie  aexuuu: Ilep. ¢ awrn. B.JIyruawmna/ Ilog pen.
3.ALlefitmura. M.: TAU3, 1940. On xe. DKCIICpUMCHTAIBHEIC
uccneaoBanuss 1o anekrpuuectBy: Ilep. ¢ anra/ llox pen.
T.I1.Kpagua. M.: U3a-s0 AH CCCP, 1947-1959.

6. 'enbmroabn I'. JIBa nccaenosanus mo ruapoanaamuke: [lep ¢
Hem./ Ilog pes. C.A.Yammeirmaa. M.: Tumorpagus O.J1.Comosot,
1902. Ou xe. ®apaneceBckas peub. CoBpeMEHHOE pa3BHUTHE



Jlureparypa 165

(dapaneesckux Bo33peHuil Ha daekrpudaectso: Ilep. ¢ vem. B. Tropuna.
CII6.: U3xa-o ILINL Coiikuna. 1898.

7. Thomson W. Magnetism, dynamic relation of... Nicol’s
Cyclopedia, 1860. Proc. of R.S. VI, 1856; VI, 1861. On xe. Ether,
electricity and Ponderable Matter. Cambr. and Dubl. Papers, 484,
1890.0H :ke. On the duties of ether for electricity and magnetism.
Phil. Mag. IX, 1900, 305.0H :xe. Electrical insulation in vacuum. Phil.
Mag. VIII, 1904, 472. On xe. Hydrodynamic. Cambr. and Dubl.
Math. and Phys. Papers. IV, 1910.

8. Challis. Phil. Mag. XII, 1860; L, 11, 1861.

9. Makceeaa kK. O (apaneeBbIX CHIOBBIX JIMHHSIX.
N30paHHbBIe COYMHEHUS MO TEOPHH BIEKTPOMATHUTHOTO MmO M.:
locrexreopusmar, 1952. C. 9-88. Cm. Tam k€  mOpUMCHAHUS
Bonbumana, c. 89-106.0H xke. O Gu3NICCKUX CHIIOBBIX JIMHUAX. Tam
ke, ¢. 105-193.(Cm. tam xe npumeuanus bonpumana, ¢. 190-248).
On sxe. [luHamMuueckas Teopus 3JIEKTpOMarHuTHoro momst. Tam ke, c.
249-341.

10. Heaviside O. Electromagnetic theory. Electrical papers. Vol. 1,
2. London - N.Y., 1892.

11. Joseph H.J. Some unpublished notes of Oliver Heaviside. The
Heaviside centrary volume. London, 1950.

12. Kemn6esn H.P. CoBpemennas anekrpudeckas teopust: Ilep. ¢
aur/ lox pex. U.W.boprmana. Cub.: M3a-8o «O6pazoBanuey, 1912,

13. Larmor J. Aether and Matter. Cambr. 1900.

14. Langevin P. Chim. et Phys. Mai 1905.

15. Abraham und Foppl. Theorie der Electrizitat. Leipzig, 1904-
1905.

16. Drude P. Physik des Aecthers auf elektromagnetisher
Grundlage. 2-te Aufl. Stuttgart, 1912. On 2xe. Lehrbuch der Optik. 2-
te erw. Aufl. Leipzig, 1906. Ou =xe. Zur Elektronentheorie der
Metalle. Ann. Phys. 1 (1900), s. 566; 3 (1900), s. 369.

17. Jlopenn I'. Onexrponnas teopus. Cmb.: HW3a-so
«O6pazoBanuey». 1910. Ox ske. Teopus 3TIEKTPOHOB U €€ TPUMECHCHHUE
K SIBJICHHUSIM CBETOBOrO U TeruioBoro mamydeHus: Ilep. ¢ anrm./ Ilox
pen. A.K. Tumupszesa u 3.A.Lefituna. M.: ['ocrexteopusaart, 1956.



166 Jlureparypa

18. Tomcon k. JIx. aekrpuuectso u marepust: llep. ¢ amrm./
ITox pea. A.K. TumupsizeBa. M.- JL.: I'ocuzaar. 1928. C. 9-97. OH xe.
B3anMooTHOmEHNsT MExAy Martepued W 3QHPOM IO HOBEHIINM
uccieaoBanusM B obnactu anektpuyectsa: Ilep. ¢ anrn./ Ilox pex.
N.N.boprmana. CII6.: M3a-80 «EcrecTBoucmeitarensy, 1910.

19. Kacrepun H.II. OOCoOmeHre OCHOBHBIX YpaBHEHHU
aspoanHaMuku u dnekrpoaunamuku. M.: U3n-s0 AH CCCP, 1937.

20. MutkeBuu B.®@. O mpupoze snektpuieckoro Toka. Tererpad
u Tenedon 6e3 mposogos. Ne 15. Hmwxeropoackas nadopatopus, 1922.
C. 1-13.0n xe. Pabotrer B.Tomcona. dnexrpudecteo. Ne 3, 8, 10,
1930. Ou xe. PaGorer ®Dapames u COBpEMEHHOE pPa3BUTHE
MIPIUTOKEHHUI 3nekTprdeckoil sueprun. M.: I'ocrexteopmsmar, 1932.
C 1-13. On :xke. OcHoBHBIC BO33pCHUS coBpeMcHHOW (usuku. JL.:
Nzn-80 AH CCCP, 1933. On ke. OcHOBHBIC (hPH3NICCKIC BO33PCHUSL.
—3-e u3a. M.: U3n-80 AH CCCP, 1939. OH »xe. MarHuTHBIA IIOTOK U
ero npeodpasosanus. M.: U3x-8o AH CCCP, 1946.

21. Maxwell J.C. A treatise on electricity and magnetism, v. 1 — 2.
Oxf. 1873. B pycckom mepesoae Makceena x.K. Tpakrat 06
sneKTpuaecTBe n MarHeTuzme. M.: Hayka, 1989.

22. T'epu I'.. N30paunbie crateu. B ¢O. U3 mpeapicTOpuu paguo.
ITox pen. J.M.Mangenpmrama. M.-JI. 1948. Knsukun WU.I'. 'erpux
I'epu. K 100-neturo co mgus poxaeHus. «dnektpuuaectso» Ne 3, 1957.

23. Poanonos B.M. Ilomos A.C. BCO, 3 wusn. M., usza-so
Coserckad sumukionenus, 1975. T. 20, ¢. 357-358..

24. Huxonaes I'.B. Henpormsopeumsas 3IEKTpOAWHAMUKA.
Teopwus, skcriepuMenTsl, napagokcel. Tomck: Mzn-so HTJL, 1997.

25. SIBopcknii B.M. u [letiagp A.A. CnpaBounuk o pusuke Ams
nHxeHepoB u cryaeHtos BY3os. M.: «Hayxkay, 1971. C. 892-9009.

26. Amokosckuii B.A. Bceeobmue ¢usndeckne MHBapHAHTH U
MPEATONKEHUS IO MOACPHHU3AUNN MeXIyHApOIHONH CHCTEMbI €IMHHLL
CU. M.: dletur», 1004. On xke. Moacpuuzauus MexayHapoaHOi
cucremsl m3mepennii CU. Ouepreruka Cubupu Ne 3 (8), 2006. C. 10-
11.

27. Kanantapos I1.JI. u Heiiman JI.P. Teopetnueckrue ocHOBBI
anekrporexauku. M.-JI. T'ocaneprousgar, 1951. C. 23-27.



JIureparypa 167

K znasam 2-5

1. AuroxoBckuii B.A. JnektpomarHuTHBIC SIBACHHS. B KH.
OOmas s¢upoanHamuka. MoaeaupoBaHUE CTPYKTYp BCINECTBA U
Mmojici Ha OCHOBE MPEACTABACHHWI O ra3omomoOHOM 3dupe. M.:
Queproaromusaar, 2003. C. 297-409.

2. AuroxoBckuii B.A . ®u3nucckrie OCHOBBI 3JICKTPOMArHETU3MA
u 3nekrpoMarauTHeIX seieHnin. M.: YPCC, 2001.

3. AmokoBckuii  B.A. DdupomuHamuveckue — OCHOBBI
SJCKTPOMATHUTHBIX SIBICHUHA (B MOMYISAPHOM H3IOXKECHHN)IO M.:
«ITerur», 2007.

4. Awmwkockuii  B.A.  Jluaumm cBsa3u  gua mepeaadu
komupoBaHHOH wH(popMmaumu. B kH. Amrookoeckuii B.A. u 1p.
«OCHOBBI OpraHu3alMyd CHCTEM LU(QPOBBIX CBS3CH B CIOKHBIX
MH(POPMATMOHHO-U3MEPUTEIBHBIX ~ KOMILIEKcax. M.: DHeproaTom-
u3gar, 2001.

5. AwuwoxoBckuii  B.A.  BzaumouHaykius — [MpPOBOJHUKOB.
«uepreruka Cubupm» Ne3 (8), 2006. C. 12-13.

6. Amwxkosckuii B.A. Eme pa3 o  B3aUMOHHIYKIHH
MpoBOAHUKOB. «Pa3paboTku B anerponuke» Ne 4(16) 2006. C. 24-26.

7. AmoxoBcknii B.A. DdupoanHamideckoe MOICTHPOBAHHE
3JIEKTPOMATHUTHBIX siBICHUH. «mektpo» Ne 1, 2007. C. 49-52.

8. AroxoBckuii B.A. 12 3kcniepuMeHTOB 10 3(HUPOIUHAMUKE.
M.: dletury», 2003.

9. AAopcknii B.M. u lletnagp A.A. CnpaBounuk no pusnke L
nHxeHepoB u cryaentos BY3os. M.: «Hayxka», 1971. C. 501.

K npunoxcenuro

1. Maxuwmes I'.$1. Beunrnii asurarens. BCO, 3 usx. M., usn-so
Coserckas sumuxionenus, 1971. T. 4, ¢. 599.

2. Jnuambepr I''M. Tepmoaunamuka. Tam xe, 1976. T. 25, c.
481.

3. Hoeuxoe WN.JI. «Temmosas cmepte» Bceenennoii. Tam ke,
1976. T. 25, c. 443.



168 Jlureparypa

4. AwmwoxoBekuii B.A. Kputndeckuii aHamm3 OCHOB Teopuu
OTHOCHU-TEIBHOCTU. AHanmutudeckuii  0030p. Bropoe wuzmanme.
Kyxosckwuii, m3n-so «Ilerut». 1996.

5. AmoxoBekuii B.A. Marepuamuam u penstususm. Kpurnka
METOJOIOTHHM  COBPEMCHHOU  Teopetuueckod  ¢msmkm. M.,
Queproaromusaar, 1992; M., uza-so «mxenep», 1993.

6. DdupHebrii Betep. CO. cT. mox pex. A.T.H. Arrokosckoro B.A.
M., Dueproaromusaar, 1993.

7. T'actee FO.A., Ecenun-Boabmuu A.C. Ilocrymar. BC3, 3
n3a. M.: Coserckas sHumkaonequsa, 1975. T. 20, c. 423.

8. 3ucman I'.A. Jlopenua npeobpazosanus. Tam xe, 1974. T. 15,
c. 26.

9. Amokoeckuii B.A. O6mas >3¢upoanHamuka. dpupoanHamu-
YeCKOE MOJCIUPOBAHUE CTPYKTYP BELIECTBA U MONEH Ha OCHOBE MPEa-
CTaBJICHUI O ra3onogo0HOM 3dupe - 2-¢ u3a.M., JHeproaroMusaar,
2003.

10. AuroxoBckmii B.A. Ddpupoaunnamuyeckue runoresbl. JKykos-
ckuit, n3a-so «Ilerur», 2000.

11. AuroxoBckuii B.A. KoHienuu COBpEMEHHOT0 €CTECTBO3HA-
Hust. Ucropus. Cospemennocts. [Ipobaemer. Ilepcnektusbl. M., u3a-
Bo MC3JY, 2001.

12. Upipaun B.JIL. Xongoaunsnsrii arperat. bC3, 3 usn. M., usa-
Bo CoBerckas sHuukaonenus, 1978. T. 28, c. 345.

13. Durennc @. lnanexkruxa npupoast. M., UITJI, 1969, c. 67-81.

14. Mepky.ioe A.Il. Buxpesoii 3¢ ¢ekt u ero mpuMEHEHUE B TEX-
Huke. M., «MammuocTpocHme», 1969.

15. Umsinuros U., Tuxuii /. 3a rpansto 3akona. JI., I'mapomer-
n3aar, 1967.

16. AroxoBckuii B.A. ®u3nueckric OCHOBBI 3JICKTPOMarHeTH3Ma
U SJCKTPOMATHUTHBIX SBJICHUHA. D(PUPOIMHAMUYCCKAS WHTEPIpETa-

musa. M., nzn-so YPCC, 2001.



JHeprusi BOKPYT HAC 169

Ipunoosicenue

O BO3MOXHOCTU NMPSAMOro nostyyeHus
3NeKTpuYeckKkomn 3Heprum n3 adumpa

1. BBegeHue. lNocTtaHOBKa 3apaum

CocTosiHUE SHEPTETUKU B COBPEMECHHOM MHPE BBI3BIBACT TPEBOT'Y.
3a XX crojeTHe JHEPrOBOOPYKCHHOCTh TpyJda — IOKA3aTeIb
MOTPEOMIEMOl ~ MEXaHMYECKOM U DJICKTPUYCCKOH  SHEpruH,
3aMEHSIOMIEH PYYHOH TpyH, yke B 1976 romy mpeBBICHI YPOBEHB
1913 roma B 34 pasa, cefiyac 3TOT YPOBEHb COCTaBIIIET HECKOJIBKO
COTCH CIUHHL. DHEProBOOPYKEHHOCTh CTPaH BECbMa HEPABHOMEPHA.
Hampuwmep, uncnennocts Hacenenus: CIIIA cocraBnser Bcero 5% ot
gucieHHocTH HacenacHus muaneTel, HO CIIA morpebnstor 50% Bceit
JoObIBAGMOIl Ha IIaHEeTe SHepruu, T.6. Kaxaeid xuteas CIIA
morpebnsier 3Heprum B cpeaneM B 20  pa3  Oombuie
CPCAHECTATUCTHYECKOrO >KUTEAsl mimaHeTsl. HykHO mpu  3TOM
VUUTBIBATb, YTO  HACEICHHE 3EMHOrO  IMapa  MPOJOJDKACT
yBenmuuuBatecs, 1 B 2000 roagy cocraBwiio yke Oojee dem 6,5
MUJLIHAPAOB 4enoBek. Ha mpon3BoACTBO MpeAMETOB HOTPEONEHUS
JUTSL HUX HY>KHO SHEpru# Bce Oomblue U OObIIIE.

Kax u3BecTHO, OCHOBHasI SHEPrusi, MOTydacMas YEeTIOBEKOM st
MPOM3BOACTBA, TPAHCIOPTA W OTOIUICHHS, — 3TO SHEPrHUs OT
CKHTaHHS HMCKOMAEMBIX JHEPrOHOCUTENCH — Yrisl, HedTu U rasa.
Takue cTapric HEPrOHOCUTETN KaK TOP( M TOPIOYHE CIAHLBI yiKe
JaBHO HE 3aHUMAIOT JOMHHHUPYIOIIETO MOJI0XKCHUS B SHCPTETUKE, 1A U
KaMCHHBIA YTrolb MpakTHUCCKH yke ucuepnad. M Heth, u ra3, ckopo
OyAyT W3pacxXxOAOBaHBI, NPHONIKEHUEC KOHIA OKUAACTCS VKE B
Omwkaimye gecsaTuiaeTus. VX OCTaTKu MBITAIOTCS NPUCBOUTH ceOe
pasBUThIC  KAMUTATUCTUYCCKHE  CTPaHBl,  KOTOPbIE  JaBHO
M3pacXOJOBAld CBOM HAIMOHATIBHBIC PECYpCHl W TMONAIH B
SHEPTrEeTHYECKYIO 3aBHCHUMOCTh OT CTPAaH «TPETHErO MHpPA»: YKE B
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1939-1945 rr. 9/10 3anacoB HEpTH HAXOOUIOCH B CTPAHAX «TPETHETO
Mupa», a CCroaHda TMPaKTHUYCCKU BCA OHCPICTHKA Pa3BUTBIX
KanmUTAIUCTUICCKUX CTPaH O6CCHC‘H/IBaCTCH UMITIOPTHBIMU HC(I)TI:IO nu
rasom.

HpI/I 3TOM, KaK BBISICHHJIOCHh HCAABHO, CXKHTaHHUC HMCKOIIAEMBIX
SHEPrOHOCHUTEICH 32 CUET KHCIOPOAa aTMOC(EPhl MOXKET MPUBECTH K
KatacTpOQUUECKIM W HEOOpPaTUMBIM  MOCIACACTBHAM  H3-32
HEIOMYCTUMO OOJIBIIOTO PACX0Aa KHCIOPOa U BeIOpoca B armochepy
VIJICKHCTIOr0 Tasa, a TaKKe MapoB CEPHOH M CEPHUCTON KHCIOT U
MHOTUX Apyrux. BeiOpoc yriaekucmoro rasa cmocoOeH co3maTh Tak
HAa3bIBACMBIH «HApHUKOBBIA 3(PQPEKT» H TMPHUBECTH IUIAHETY K
neperpeBy. BpemHrie jke ra3pl MOTYT OTPaBUTh HE TOJIBKO aTMOcdepy,
HO U IIOYBY, U BOAY.

[lombiTKy pemmTE SHEPreTUYECCKY nNpobieMy 3a  CHET
NPUMCHCHUSA aTOMHBIX 3HCKTpOCTaHHHﬁ HCJIb34 IPU3HATDH IMOJIHOCTBIO
yaauHoi. Bo-mepseix, abcomorHo Oe3omacHeix mpoekroB ADC He
CYILECTBYET, CTPOHMTEIBCTBO HEKOTOPBIX M3 HHX, Hampumep, 4-ro
sueprobmoka YepHoOsuibckoit ADC w  psma gpyrux  ObLIO
MPOM3BEACHO O€3 yueTa IeoNIOrHYecKOi 0OCTAHOBKM, & 9TO YPEBATO
O4YCpCAHBIMU KaTaCTpO(I)aMI/I. BO-BTOpLIX, KaK BBIICHHJIOCH, 3aIlacChbl
YPaHOBOW pyabl, MPUTOJHON [ OOpPaOOTKH U HUCIOJIb30BAHHS B
ATOMHBIX PEaKTOpax, TOXKE MOTYT OBITh HCUCPIAHBI B ONrpKanlIneM
OyayuieMm, rpaBia, B HECKOJIBKO 00Iee OTIAJICHHOM, YeM He(Th U ras.
A B-TpeThUX, 31ECh HATHMLIO NPOOIeMa 3aXOPOHECHHS KpaiiHe BPEIHbBIX
paaroaKkTUBHBIX OTXOAOB, C YCM YKC CTOJIKHYJIUCH BCC CTpPaHBbI,
skcruyatupyromue AJC. TTosromy nmpobnema ocraercs.

JKkomoruueckas mpoOneMa HEPreTUKA MOXET OBITh HACTHYHO
peoicHa myTCM MCIIOJb30BaHUA B0306HOBHHCMLIX HUCTOYHUKOB —
JIECOB, OAHAKO MX 3arachl HEBEIMKH, a UX YHHYTOKCHHE O€3 TOIHOrO
BOCIPOU3BO/JCTBA, YTO TOKE XAPAKTEPHO ISl HACTOSIIETO BPEMCHH,
TAaKXKXE BECACT K I‘I/I6CJ'II>HI>IM J3KOJIOT'MYCCKUM ITOCICACTBUAM.

B aBrycre 2007 r. BHOBb BCOOMHHIIM O «TEPMOSAC» - Crocode
MOTYYCHUSI SHCPTUU C MOMOLIBI0 TEPMOSACPHOro CuHTE3a. MOXKHO
COTJIACUTBCS C TEM, YTO PCLUICHUE MPOOIEMBI TEPMOSIICPHOTO CHHTE3a
MO3BOJIMT PELIMTh U SHEPreTUUCCKYIO mpobmemy. OxHAKO TPYIHOCTH
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co crabuiam3aupecii BBICOKOTCMIICPATYPHOW Iaa3Mbl HE  ObLTH
MPEOJONICHH 3a mpomeamue 50 jgerT, ¥ Ha3HAYCHHBIN HOBBIM CPOK —
ponoaaurensHele 50 et 0e3 0003HAYEHHMS HOBBIX MIEH IIO
CTaOMNM3alHK TJ1a3Mbl HE JaeT HUKAKOH YBEPEHHOCTH, YTO HAa 3TOM
IyTH SHEPreTUIecKas mpodiema OyAeT peicHa.

BeixogoM U3 co3gaBIIErocs TSDKEIOrO MONOXKEHUS  SIBISCTCS
MPUMCHECHUE TAKUX HUCTOYHHUKOB SHEPTHH, KOTOPHIC MPUHIMIHAIBEHO
HEHWCcYepracMbl, U TaKUM CHOCOOOM, KOTOpbIH  oOecreduT
CTaOMNM3ALMIO OKPYXKAIOIICH Ccpelapl MNPaKTHUYECKH Ha  JIE00OI
OTPE30K BPEMEHH. JTO 3HAYUT, YTO HYKHO HCIOIb30BATh
yCTpOICTBa, CIOCOOHBIC MPEOOPA30BBIBATH IHEPTHIO, COACPIKALIYIOCS
B OKpy)Xaromel cpene, B BUJ DOHEPrUHM, MPUTOTHBIA A
WCIONB30BaHMS YCTOBEKOM B MNpakTHyeckux wemsix. llpu stom
JODKEH  ObITh  ODecmedeH  KPYrooOOpPOT — SHEPrHH:  MOCHE
WCIONB30BaHMs BCS JHEPTHsI JODKHA BO3BPAIIATHCS B HPUPOLY U
HMMCHHO B TOM BHJE, B KOTOPOM OHa Obllla H3bsITa U3 HEC.

OxHako Ha MyTH PeaTU3aLUH 3TOH, OC3yCIOBHO, BHITOAHON HICH
CTOST 3aclIOHBl B BHJIC YCTAHOBJICHHBIX HAYKOH IONOXKCHWH, B
COOTBETCTBHH C KOTOPBIMH 3TOr0 MPHHLHUIHATBHO CAETATh HEIb3S.
OnxHuMH U3 HUX SIBISIIOTCS TTOJOXKEHUS TepMoauHaMukw, ec [lepeoe u
Bropoe Hauama. [lomeiTkm co3maTe momoOHBIC YCTpOMCTBa Bcernaa
MPUPABHUBATHCH K TMOMNBITKAM CO3JaHMs BedyHbIX [gBUTATENCH
(perpetuum mobile — BedyHOE ABIKCHHE), KOTOPBIX OBLIO
CIPOCKTUPOBAHO BEIMKOE MHOXKECTBO, HO BCE OHH HE padoTay.

B 1775 romy ®@panmysckas axameMmMus HayKk IpeKpaTiia
PacCMOTPCHUC MPOCKTOB BCYHBIX ABHUTATCiCH, a B cepeauHe 19-ro
BCKA YCTAaHOBJICHHEM 3aKOHA COXPAHCHISI SHEPTHU ObLTa JOKa3aHa UX
MpUHLOMIHAIbHAS HeocymiecTBUMOCcTh [1]. C Tex mop MpPOCKTHI
MOJOOHOrO0 PoJa OTBEPrarOTCS BCEMH CEPbE3HBIMH YYECHBIMU Oe3
paccmotpenus. U Bce ObLTo ObI 31€Ch B MOPSLAKE, €CIH OBl 3TH YICHBIC
HE NyTaad HOHATHS W HE MOABONMIN Obl NOA TMOHATHE «BEYHBIX
JBUTATENCH» CHCTEMbI, K 3THUM JBUTATECISIM HE MMCIOIIUM HUKAKOTO
OTHOLICHUSI.

B HacTosmee Bpems pa3aMYHBIMU H300PETATENSIME MPEIT0KEHO
MU YAaCTUYHO PCaIM30BAHO HEMAIO IMPOECKTOB, B KOTOPBIX JHEPrUU
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MTOTYyIEHO Oonb1e, YeM  BIJIOXKEHO. IlontBepauB  3TO
SKCIEPHUMEHTAIBPHO, H300peTaTely  HAYMHAOT  YTBEPXKIATH O
HECTIPaBEAITNBOCTH H3BECTHBIX 3aKOHOB TEPMOAWHAMHUKH,

HUMCHYCMBIX B HAaYKC «Hauamamu TCPMOAUHAMUKU, B COOTBCTCTBUU C
KOTOPBIMHU 3TOI'0O HC MOXKCT 6LITL. He MOTr'yT OTBCTUTDH Ha 3TOT BOIIPOC
U TaK Ha3bIBACMBIC «CCPBC3HBIC YUCHBIC», KOTOPBIC B ILCIAX
COXpPaHEHHUSI CBOETO0  MPECTIKA  BCSYECKH  YKJIOHSIOTCS  OT
paccMOTpEHUs POOICMBI.

ITosToMy Hacrana mopa, Mo BO3MOXKHOCTH, pa30o0paThCsl ¢ 3TUM
3aIyTaHHBIM BOIIPOCOM M IOCTaPAaThCs BCE MOCTABUTh HA CBOM MECTA.
Torma, Moker ObITh, W mnpoOleMa TOMYYCHHST HHEPTUU U3
OKpYyKaromeil cpeasl OyaAeT pereHa.

Caeayer HamoMHHUTB, 4YTO mNpodiIeMa MOIYYCHHUS JHEPrUH U3
OKPY’KAIOIIEro MPOCTPAHCTBA B CBOC BpPEeMs ObLIa pelIeHa cepOCKUM
yuensiM Hukomnoit Tecna.

Benukuii cepOckuii anextporexHuk-uzooperarens Hukona Tecna
pommics B 1856 rogy m paboranr g0 1882 r. wumkeHEpOM
tenerpaduoro obmiecra B bymamemre, ¢ 1882 mo 1884 rr. B
kommanuu Jaucona B llapmke, a 3atem smurpuposan B CIIIA wu ¢
1884 r. padoran Ha 3aBogax JaucoHa u Bectunraysa.

3a cBoro km3Hbp Tecnma w300pen MHOXKECTBO —Pa3THUHBIX
3JICKTPOTCXHUYCCKUX YCTPOHCTB — MHOro(asHbie 3SICKTPUUCCKIC
MalIuHbl, B TOM YHUCJIC ACHHXPOHHBIC JJICKTPOABUIATC/IN, CUCTCMBI
Mepefavy YHEPTUHU MOCPEICTBOM MHOT0()a3HOro MEpEMEHHOTO TOKA, B
CHIA samyctun psjg MOPOMBILUICHHBIX 3JCKTPOYCTAHOBOK, B TOM
gucnie Huarapckyro ['OC (1895), kpymnueitmyro nmo Tem spemeram. C
1889 r. Tecna mpuCTymmiI K UCCICIOBAHUSIM TOKOB BBICOKOH YaCTOTHI
u BbicOkMX Hampspkennid. OH  wm300pen  mepBeie  0Opa3upbl
SJCKTPOMEXAHMYCCKUX  TCHEPATOPOB  BBICOKOH  YacTOTBL U
BBICOKOYACTOTHBIH  TpaHCGOpPMATOp,  MONYYMBIOHI  Ha3BaHUE
«tpancpopmarop Tecmer». Ilog ero pykoBOACTBOM COOpYKEHa
paanocrarnus Ha 200 kBT B mrate Komopano. B atu e roxsr Tecrma
CKOHCTPYHPOBAI PsiA PaguOYyNPABISIEMBIX CAMOXOAHBIX MEXaHU3MOB
(«remeaBTOMaTOBY), mociae 1900 roga mOMyYHT MHOXKECTBO HATCHTOB
Ha U300PETEHUS! B PA3IUYHBIX OOJACTSIX TCXHUKUA — DJICKTPUUCCKUIN
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CUCTYHK, YaCTOTOMED, psin YCOBEPIICHCTBOBAHHIA B
pazuoanmnapaType, mapoBeIX TypOUH H T.J.

V>xe BO BpeMs »ku3HH TECBI O HEM XOAMIH JICTCHABL. MHOTHE
€ro M300peTeHusl padoTalu HE MO MPaBUIAM, CO3JAHHBIM K TOMY
BPEMCHH B TCOPCTUYCCKUX OCHOBAX 3JICKTPOTCXHUKH, KOTOPHIC
JICHCTBYIOT MOHBIHE. B COOTBETCTBUH ¢ 3TUMU OCHOBAMHU TECIIOBCKUC
YCTaHOBKHU BOOOIIE HE TOJDKHBI paboTaTh, HO OHU padOTau, JTUIITHUI
pa3 TMOATBEPKAAs, YTO HUKAKash TEOPUS HE OTPAXKAaCT BCEro
MHOT000pa3ust MPUPOTHBIX SIBICHUH.

PacckassiBanm, uro Tecaa n300per aBTOMOOHITb, KOTOPBIH S3M1II,
HUYEM HE 3amlpaBiisisICh, YCpPIias SHEPTUI0 HEHU3BECTHO OTKYA.
Nmenno emy mnpunuceiBamy (eHomeHn TyHrycckoro Mereopura,
KOTOPBIH SIKOOBI SIBJSUICS CJCACTBUEM €r0 HEYAAYHOrO OIBITA 10
OecnpoBOAHON mepenade SHEpruu (OCTATKOB METCOPHTA TaK M HE
Haun). WM eme pacckassiBamu, uro MopraH, aMEpPHUKAHCKUI
HEPTIHOW KOpOJb, ObLT KpaliHE OOCCIIOKOCH €ro YyCIEXaMu,
BO3MOJKHO MMOTOMY, YTO MOJYYCHUEC SHEPruu u3 Huuero (u3 sdupa)
CTaBHIIO MOJX COMHEHHE ero HedTsHble moxonsl. ['oBopsr, Moprax
MPHUHSJT COOTBETCTBYIOLINE MEPhI, TOTOMY 4TO Jabopartopust Tecssr,
KOTOpYIO cyOcuauposan Mopras, BAPYr mepecrana CyLIeCTBOBaTh, U
Io cBocit cmeptH, mocacaoBasmmeki B 1943 r. Tecna yke HHUEro
KPYITHOTO HE CICIA.

HauGomnpinyro 3aragky mnpeactaBisii coOOM €ro 3HAMCHUTHIN
Tpanchopmarop, ¢ mHoMomeo kotoporo Tecna Ha yactoTax B COTHHU
KHUJIOTePIT MoTy4dai HanpspkeHus 10 15 mumnunonos (!) BoasT. Teopuu
sToro TtpaHcopmartopa He cymiecTByeT A0 cux mop. Ja u cam
Tpanc(hopMaTop BHIIILAUT Kak-TO HEOOBIYHO: TpaHCHOpMATOp HE
HMEET JKEIIC3HOr0 CEPACYHMKA, Cr0 IMEpPBUYHAS OOMOTKA H3 OUCHb
TOJICTOTO MMPOBOJA HAXOAWTCSA CHApPYKU, a BTOPUYHAS BHYTPH, B
[CPBUYHYIO IICb BKJIIOYACTCS BBICOKOYACTOTHBIA  Pa3psAHUK,
KOTOPBIH HAJ0 HACTPAuUBaTh B PE30HAHC C KOHTYPOM, 0Opa30BaHHBIM
MEPBUYHON OOMOTKOW M KOHJEHCATOpoM. B aToM TpaHchopmarope
ko3 duueHT Tpanchopmanmu HE COOMIOAACTCS, T. K. HA BBIXOJC
HaMpPsDKCHUE MOTYYACTCsl 3HAYUTETBHO OOIBINE, YEM 3TO CICAYET M3
OOBIYHBIX PACUCTOB. A, BITPOYEM, KTO €r0 3HACT, BEAb HUKTO TAK U HE
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MPOBEPsUT BCEX MMapaMeTpoB W HE MPOU3BOAMI HEOOXOTUMBIX
pacucToB, IMOCKOJIBKY HUKAKOI MCTOAOJOTHHN AJIA 3TOTO TaAK HHUKTO N
He co3gan. M mo 3Toif e mpuUYMHE HAMpaBICHUE, pa3pabaTeiBAcMOE
Tecroii, HE MOMYYMIIO Pa3BUTHS, TeM OOJEe, YTO TOTAA Y)KE HaYaIach
3pa BaKyyMHOH TEXHHKH, B KOTOPOU BCE OBLITO SICHO.

OnxHako CerogHs BO3HUKIH COOOpaKeHHS, 4TO K paboTtam Tuma
TeX, kotopeie mposoaua H.Tecna, Hazo Obl BEpHYThCS. ITO CBS3AHO C
MOSIBICHUEM  HOBOW  o0macTh  TeopeTHdeckod — pu3umkm  —
3(pUpOIMHAMHUKH, KOTOpasi BOCCTAHOBHUJIA MPEACTABICHHS 00 3dupe —
ra3onofZoOHOM cpeae, 3amoMHSIOMEH BCE MHPOBOE MPOCTPAHCTBO.
Adup okazancs razom, Ha KOTOPBIH PACHPOCTPAHSIOTCS BCE 3AKOHBI
O6LI‘IHOI>'I ra3oBou MCXaHUKH, U MNOABUWIACH IICpBasd BO3MOXKXHOCTH
paccMoTpeTh ¢ OSTHX no3unumii pabory Tpanchopmaropa Tecmsl,
KOTOPBI KaKMM-TO 00pa3oM dYepmacT JHEPrHI0 U3 OKPYIKAFOLIErO
OpoCTpaHCTBA. IlocraBnennsie npcaABAPUTCIIBHBIC OIIBITBI TOBOPAT O
MPUHIMITAAIBHON BO3MOKHOCTH 3TOr0. DTO TeM 00Jiee BEPOSITHO, UTO
CCrOAHS CYINECTBYIOT TaK HA3BIBACMBIC TCIUIOBBIC HACOCHI, a MPOLIC
roBopH, O6LI‘{HLIC XOJIOAUJIBHUKH, KOTOPBIC YCPHAKOT JSHCPrur0 H3
OKPYKAaIOIIEro IMPOCTPAHCTBA M  BO3BPAINAIOT €€ TyJa IKe,
npeaBapuTenpHO  oborpeB  momemenue. MIx  kmax  Bcerga
MPUHIMIUAIBHO  Oombie  exuuuibl. 1panchopmarop  Tecist
ABJIACTCA, BCPOATHO, HOI[O6HI:IM K€ TCIIIOBBIM HACOCOM, HO
YEPMAOIIUM CBOKO SHEPTUIO HE M3 PEKH, KaK 3TO ACIAOT OOBIYHBIC
TCIIJIOBBIC HACOCHI, a M3 OKpY»Karouiero agupa. M cxeMsl moaydarorcs
JOCTaTOYHO MPOCTHIMH. TPYIHOCTH BBI3BIBACT MOAOOP PEKHMOB BCEX
COCTAaBSIOIIMX LEMH, a /Uil 3TOr0 HY)XXHA TEOpWs, HYXKHA
7a00paTopusl, OCHAIICHHAs XOTs Obl HEKOTOPHIMH mpubopamu. U,
TJIaBHOC, HYXXHBI JIFOAU, KOTOPBIC HUMCIIN 6])1 JKCJIaHUC M TCPIICHUC
BBHIIIOIHUTh MOJOOHYI0 padoty. Iloka 3a mapom. Ho ecam uto-ToO
HAYHET MOTYYaThCs, TO. ..
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2. TennoBble HAacOCbI

2.1. «Beunwtii 0sucamenv», Hauana mepmoounamuku u
Tennosas cmepmov Beenennoii

B cooTBercTBMM C KIACCHYECKHM OIPENEICHHUEM, BEUHBII
JBUTATENb — 3TO MAIIMHA, KOTOpas, OyIy4d OAWH pa3 3amyLlicHa B
X0, coBepiIana Obl MONIC3HYI0 paboTy HEOTPAHUUCHHO JOIr0Oe BpeMs,
HE 3auUMCTBYs dSHepruro m3pHe. llocnexnss ¢pasa «He 3aUMCTBYS
SHEPTUIO W3BHE» O3HAYAeT, YTO OHEPrus, CcoJAcpkamascs B
OKpY’KaloImel cpene, HE HCIONB3YETCS IS IOMONHEHUS 3HEPruu
JIBIDKYIIFIXCS 9aCTeH MEXaHU3Ma JIBUTATEN.

Ha pnc. 1 mnokasassl mpuMepsl TONMBITOK CO3AAHMS BEYHBIX
gsurateneid. B oTmx mpuMepax mpexmonaraercs, YTO HEKOTOPOE
TSDKENIOE TENO, COBEpINas 3aMKHYTBIM IIyTh, BO3BpaIIaeTcs B
HCXOOHOE TIONIOXKCHHE, IMOMYTHO COBEPIIMB MOIE3HYIO paboTy.
OnHako TSDKETIOE TETI0 B MEXaHU3ME HE TOJIBKO COBEPIIACT MOJIC3HYIO
paboTy, HO M pacTpauMBacT JHEPrUI0 HA MPCOJOJICHUE TPECHUS
MexaHn3Ma. IloaTomMy, mM3pacxoqoBaB SHEPrHIO IEPBOrO TOTYKA HA
COBCPLICHUE MOJNE3HOU pabOThl M HA TEIUIOBBIC MOTEPH, BCSI CHCTEMA
TEI HEM30C)KHO OCTAHABIUBACTCSL.

Puc. 1. BapumaunTbl KOHCTPYKIIII BEYHOr0 JBHIaTeIsl. da) C
MEPEKATHIBAOIICHCS 3aMKHYTOIT IICTBEO; 0) C TICPEKATHIBAFOIIUMHCS IIAPAMHU.

B Oomee CIOKHBIX KOHCTPYKIHUSIX MEXQHHUYCCKAsT DHEPTHUS
MPEBPAIIAETCA B APYroi BUA — TEIUIOBYIO, DJIEKTPUUECKYIO U T.II., HO
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CyTh OCTaeTCs TOW JKE: B COBCPIICHHUH IIONE3HOH PaboThI
WCTONB3YETCS JHEPrHs IMEPBHYHOIO TOMYKA M IO MeEpe ee
M3pacXOOBaHU cucrema OCTaHABIHBACTCS. Hukakumun
MPEBPALICHUSIMU HEIb3sl YBCIHYUTH OOINEE KOJTMUYSCTBO IHECPTUU B
CUCTeME, U OTO oOOmmenpu3HaHHO. [lodTOMY HHKAKUX BEYHBIX
JIBUTATE/ICH OBITH HE MOJKET.

HeBo3mokHOCTE  CO3maHMs ~ BEYHOrO  JBUTATCIsT  ObLia
MOATBEPXKIACHA B cepexuHe 19-ro  cromerust  (HhOpMyNTHPOBKAMHU
IlepBoro u Broporo Hauan repmoauHamuku [2].

IlepBoe HaYanO TEPMOAWHAMHKHU YTBEPMKAACT, YTO CCIAHM CHCTEMA
COBCPILIACT TEPMOJUHAMHYCCKUN LMK, T.6. BO3BpalIacTcs B
HCXOOHOE COCTOSIHHE, TO IIOJHOE KOJIHYECTBO TEIUIA, COOOIICHHOE
CHCTEME Ha NPOTSLKECHHUH LKA, pAaBHO COBEPIIAEMOIT €10 paboTe.

IlepBoe Hawamo TEPMOIWHAMHKH TMPEACTABIICT COOOH TIO
CYLIECTBY BBIPAKCHUC 3aKOHA COXPAHCHUS SHEPrUHU I CHUCTEM, B
KOTOPBIX CYIIECTBCHHYIO POJb WIPAOT TCIIOBBIC IPOLIECCHI.
JHepreTuyeckass JKBUBAJICHTHOCTh TCILUIOTBI W paboOThI, T.C.
BO3MOKHOCTh M3MEPCHUS UX KOJMUYCCTB B OJHUX M TEX JKC CIUHULAX
¥ TEM CaMbIM BO3MOXKHOCTh MX CPAaBHCHUs, ObIIa JOKa3aHa HEMEIIKUM
¢uzuxom HO.P.Maiiepom B 1842 1. U OCOOCHHO aHIIMYAHUHOM
bk Jbxoynem B 1843 r. llepBoe Hauamo TEPMOAUHAMUKH OBLIO
chopmynupoBano MaiiepoM, a 3aTeM B 3HAYUTEIBHO OONEE SICHOU
dhopme Hemeukum ¢uszukom I.I'enpmronsuem B 1847 r. [IpusencHuas
BbIIIC (POPMYIMPOBKA PAaBHO3HAYHA YTBEP:KACHHUIO O HCBO3MOXKHOCTH
CO3JaHMsT BEYHOrO JABUTATCTIs 1-r0 poaa, MOCKONBKY YacTh dHECPrUU
CHCTEMOM HEM30e:KHO OyACT MOTEPsSIHA B BU/C TEILIA.

3anpemas BeuHbld aBurateab 1-ro poxa, Ilepsoe Hauamo
TEPMOJAVMHAMUKHA HE HCKJIFOUYACT BO3MOXKHOCTH CO3JAaHMS TaKOU
MAIIMHBl HENPEPBIBHOIO JCHCTBHS, KOTOpas Oblna Obl crocoOHa
MPEBpAIIaTh B MOIC3HYI PA0OTy MPAKTHYECKH BCHO MOABOAUMYIO K
HCH TETUIOTY, TaK HA3bIBACMBIN, BCUHBIA TBUTATCNb 2-TO POAA.

OxHako BECh OMBIT MO KOHCTPYMPOBAHHUIO TCILIOBBIX MAIIIUH,
WMCBIIWICA B Hadane 19-ro Beka, yKa3elBal HA TO, 4YTO KIIA
(ko3¢ pULHMEHT TOAC3HOrO ACHCTBHS), T.C. OTHOLICHHUE MOYYCHHOM
paboTHI K 3aTPaueHHOMY TEILTY BCErJa MCHBIIC CAUHHIIBI, T.K. 4acTh
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TEIUIOTH HEM30EKHO paccenBaeTcs B okpyskaromyo cpeay. C. Kapuo
nepBeiM B 1824 roay mokaszanl, 4YTO 3TO OOCTOSTEIBCTBO HMMECT
MPUHLUIMHATBHEIA XapaKkTep, MOCKOJbKY ro0as TEIyIoBas MallHHA
JODKHA COAEpKAaTh MOMHMO HCTOYHHKA TEIUIOTHI (HArpeBartens) U
pabouero Tena, HampuMep, napa, COBCPLIAIOLIETO
TCPMOJUHAMUYCCKUI LUK, TaKXKEC M XOIOJWIbHUK, HMEIOLIHHA
TEeMIIepaTypy, o0Os3aTenpHO OojJee HH3KYI0, YeM TEMIeparypa
HarpeBaTesl.

O06o0menue BeiBoAa KapHO HAa MPOM3BOJIBHBIC TEPMOIHHAMHYC-
CKHE TPOLIECCH, MPOTEKAOIIUE B MPHUPOAE, JaHO BTopbiM Hawamom
TEPMOJUHAMUKH, KOoTOpoMmy Hemeunkuil ¢usuk P.Knmaysmyc B 1850
roay Jal CICAVIOIYI (OPMYIUPOBKY: TEIUIOTA HE MOXKET
CaMONPOU3BOIBHO MEPEUTH OT CUCTEMBI C MEHBIIEH TEMIIEPATYPOH K
cucreme ¢ Gompiueii Temmeparypoii. Hesasucumo or Knaysuyca u B
HECKONBKO MHOH ¢opme 3ToT mpuHumn Beickazan Y.Tomcon (opa
KenbBHH): HEBO3MOXKHO MOCTPOHUTH MNEPHOAUYCCKU ACHCTBYIOIIYIO
MAaIHY, BCS ACATEIBHOCTh KOTOPOH CBOAMIACh OBl K MOIHSATHIO
HEKOTOPOT'O Ipy3a, T.e. K COBCPLICHUIO MEXaHWYECKOHW paboThl U
COOTBETCTBYIOIIEMY OXIIQXKICHHUIO TEIFIOBOTO Pe3epByapa.

HecmoTpst Ha ka4decTBEHHBIH XapakTep 3TOrO YTBEPMKACHHS, OHO
MPUBOAUT K JANEKO HAYIIAM KOMHYECTBCHHBIM  CICICTBHSIM,
HAIpUMEpP, MO3BOJICT ONPEACIUTh MAaKCHMAIBbHO BO3MOXKHBIM KIIX
TeroBoi MamuHel. Ho 0COOCHHO BHEUATNISIOMMM BBIBOAOM U3
Broporo Hawana TepMOIMHAMMKHM OKa3alach Tak Has3blBacMas
Temnosas cmepte Beenennoii [3].

IIpencrasacuue o Temnosoii cmeptu Beenennoit chopmynuposan
B 1865 r. P.Kmay3myc, mpoaHaam3upoBaB CICACTBHUSI, K KOTOPHIM
npusoguT Bropoe mHawamo TepmommHamuku. Ilockomapky Termmora He
MOYET CaMOIPOM3BOJBHO MEPEXOTUTh OT MEHEE HATrPETOro Tena K
Oomee  HarpetoMy, a JOOble  mpeoOpasoBaHUS  SHEPTHUU
CONPOBOXKIAIOTCS ~ TCINIOBBIMHM ~ MOTEPSIMH, TO ONHAXKIBI  BCE
TEeMIIepaTypsl BO BCEICHHOW BBIPOBHSIOTCS, M BCE IPOLIECCHI
HNpPEKPATITC. Hacraner Temnosas CMEPTb. Hamumo
TCPMOJUHAMUYCCKHI TapaJoKc, MHOCKOIbKY BceneHHas momkHa
cymectBoBath BeuHO. [lotomy uto, ecnm Oyzaer Konew, To Oblio m
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Hauwano. A Torzaa kak >xe OHa MOSIBUIACH HA CBET, HE B PE3YJIbTATE JKE
Bonbmioro B3persa mm boykecTtBeHHOrO TBOpEHUA?

Coobmenne Kiaysuyca o wHemsbexxkHocTr TermmoBoit cmepta
BceneHHo# BBI3BANIO HEBEPOATHBIN MEPEIIONOX KaK Cpeau (PHU3HKOB,
TaK U CpeAr OOBIYHBIX TrOACH. By npeanpuHsITEL MHOTOYHCICHHEIC
IONBITKA  ONMpoBeprHyTh  BeIBOABI  Kiaysmyca.  Jl.bombmmas,
HAIpUMEpP, BBIABHHYI THIOTE3y (IYKTYalHidl, B COOTBETCTBHUHU C
koTopoii BceneHHas, XOTS W HaxXoOmUTCS BCErAa B HEKOTOPOM
TCPMOJUHAMUYCCKOM PAaBHOBECHH, HO IO BOJE CIy4ash HEHPEPBIBHO
(IYKTYHpPYeT, MO3TOMY THPOLECCHI BCE BPEMs MPOTOIDKAOTCS.
Croponnuku Teopur OTHOCHTENBHOCTH JWHINTCHHA BBIABHHYIH
JPYTYI0 BEPCHIO, B COOTBETCTBHH C KOTOpoi BeiBOAy Krnaysmyca
mpotuBopeunt (akr (?!) pacmupenus BceenacHHOH, poauBIICHCS B
pesynbrate «bonpmoro B3priBa» CHHIYISPHOH TOYKH, B KOTOpPOU
OblTa cocpeAoToucHa BCs Macca Oyaymeidi Bcenennoit. Macca
Bcenennoit mocne B3peiBa crama pasmeratbcsi BO BCE CTOPOHBI CO
CBCPXCBETOBOM  CKOPOCTBIO,  MOCKONBKY  4€pe3  HECKOIBKO
MULIHICEKYH]] OHA CTalla IMETh Pa3MEpPhl B HECKONBKO CBETOBBIX JIET
(?!), dYro  TOTHOCTPIO  MPOTHBOPEUUT  CaMOU  TEOpHUCH
OTHOCHTEIBHOCTH,  3amlpeljaromeii  moboe  IBIKCHHE €O
CBEPXCBETOBBIMH  cKOpocTsMu. Ho cerogHs cuwrtaercs, 4TO
pasberanne BceneHHON sKkOOBI MOATBEpPIKOACTCS HAOMIOJACMBIM
«KpacHpM CcMeIIEHHEM» CIIEKTPOB JAJICKUX TanakTHK. BceemeHnas
pacumpsieTcss ¥ MO3TOMY BCE BPEMsI HAXOAUTCS B HECTALIMOHAPHOM
cocrossnun. CraenoBatenpHO, TemnoBod cMmepTm  He  OVaACT.
BosmoxkHOCTE  0OBsicHeHHMst «KpacHoro cMemeHus» ApyruMu
crnocobaMu, KOTOPBIX MHOTO, PESITHBHCTAMH HE paccMaTpuBaeTcs. A
TO, 4T0 cama muzaes «bompmoro BiapsiBa» HPOTHBOPEUNT OCHOBAM
camoii Teopun OTHOCHTENBHOCTH, PETSITUBUCTAMH UTHOPUPYETCS.

[TpusHaTe Takue «OOBSICHEHHS» YIOBICTBOPUTEIBHEIMU TPYAHO. B
MEPBOM CTydae MPEANONAracTcs, YTo BCE MOABEPIKEHO CIYyIAHHOCTH
6c30 Beskux npuuuH. CneOCTBHS U3 TAKOTO «OOBSICHEHUS» HOCAT
BECbMa HEOMPEACICHHBII XapakTep, HOTOMY YTO HEMOHSATHO, KaK 3TU
ciaydaitHpie  (QIYKTyalMd — pPeamu3yioTcs BO  BcenmeHHOUW — ams
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MOJACPKaHMSI €¢ B PabOTOCOCOOHOM COCTOSIHUHU, 3TOr0 bombiMaH
HUTJC HE YKa3al.

Bo BTOpoM e caydae BBI3BIBACT COMHEHHs cama Teopust
OTHOCHUTEIBHOCTH, SIKOOBI «OOBSCHSIOIA» MapagoKC, MOTOMY HYTO B
caMoil 3TOH «TEOPHUM» CTONBKO MOCTYJIATOB M HECOOOPAa3HOCTEH, UTO
HE BHICTh 3TOTO MOTYT TONBKO MPEMOJABATECIN STOH MUCLIMILIHHBL
Ha camom ke meme, «KpacHoe CMCIICHHE» MMECT NECATKH CaMBIX
pasHBIX OOBSCHEHWH, HE MMCIOMHNX HUKAKOTO OTHOLICHHS K
pacmmpennto BceeneHHol, Hampumep, noTepro (OTOHaMH CBOCH
SHEPTHU 32 BPEMsI HX MyTEIICCTBHA MO mpoctopam Beenennoi, n3-3a
Yero caMu (POTOHBI PACIIUPSIOTCS M YBETHYUBAIOT IJIHHY BOTHBI. DTO
MPEATIONIOKEHUE HAXOOUTCS B MOTHOM COIJIACHU C TEOPHEH ra30BBIX
BHXPEH, YTO BBI3BIBACT MPEAMNOIOKEHHS O CTPYKTYpe caMuX (DOTOHOB
KaK CUCTEME 3(UPHBIX BUXPEH.

[TosToMy PUXOANUTCS KOHCTATHPOBATH, YTO «CEPHE3HBICY YUCHBIC
Moka HE  NPUAYMATH  VIOBICTBOPUTEIBHOTO  pa3peLICHUs
TepMoauHaMuieckoro napagokca. [IpaBaa, oHH Bce yaie roBOpsT O
HEOOXOJIMMOCTH COCAWHCHHS HAYKH M PEIUTHH, HA KOTOPYIO MOXKHO
ObLTO OBI CrIMCaTh BCE HEOOBSICHEHHBIE A0 CHX MOP (KT, U AaKe
VCTPaWBalOT COBMECTHBIC C LEPKOBBIO KOH(pepeHunu (B 3TOM
MpeyCIeu, Harpumep, «cepbe3neie yueHeie» MBTY nm. baymana). ..

CeromHsi MHOTUM CTaNO MOHATHO, YTO MPEACTABICHUS O CYIIHOCTH
KO3 GUIMCHTa  MOJC3HONO  JACHCTBHST W COOTBETCTBCHHO
MPEACTABICHUS O BEYHOM JBUTATEIC HYKAAKOTCS B KOPPCKTUPOBKE.

Ha camom gene koa(duumeHTOM MOIE3HOrO ACUCTBUS JTFOOOrO
VCTPOICTBA CIEAYET CUUTATh OTHOIICHUE IOIYYCHHOU BEITUYHHBEI
MOJIC3HON ¢ MOuKU 3PeHUsi NOCMAGICHHOU Welu DSHEPTUu K
BEJIMYMHE, 3aTPAYCHHON 07151 9moii yenu >Heprun. Y BenuyauHa 3T0r0
KIg OYZET 3aBHCETh KaK OT MOCTABICHHOW LETH, TaK U OT crmocoda
JOCTHIKCHHS DTOM ICITH.

Ecmu nmenpro sBASETCS MONTYYECHHE MEXAHHYECKOH paboOThI ¢
MOMOILIBIO TCIJIOBOM YCTAHOBKH, TO, KaK 3TO CHPaBEJIUBO
OTPEIENCHO TEPMOANHAMUKOM, KM BCErJa M MPHUHLUIHATIBHO OyACT
MeHple eauHUnbl. OZHAKO €CTM LENBI0 SBISETCS MMOTYYCHUE
TEIIOBOM SHEPTHH C OMOIIBIO NPUHYIUTEIBHOTO NIEPEHOCa TEIIA OT
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XOJOJHOrO TETa K HArpeTOMY, TO KII BCErAa W HPUHIUITHAIBLHO
Oyaer Oosbine ¢IUHUIBI. BCe XOMOIMIBHUKH HMMCIOT KIA OOJbLIC
CAVHMIIBI, TMOCKOIBKY OHH HE TOJBKO BBIICISIOT B BUAC TEILIA
SHEPTHIO, B3ATYIO MMU H3 CETH, HO U JOOABISIIOT K HEMY TEILIO,
B3SITOC M3 XONOIMIBHOH KaMephl. A TMOCKOJNBKY DHCPrUU TEIIa Ha
BBIXOJIC OKAa3bIBACTCS OOMbIIE, YEM Ha BXOJE, TO BOZHUKACT COOIA3H
3aMKHYTh cuctemy. [IpaBma, 3Toro HUKOMY elie He YAAIOCh CAEATH,
HO, MOKET OBITh, 3TO BPEMEHHO?

3amaueii HacToswmel paboTH SIBISIETCS H3MEHCHHE MPEICTABICHAN
0 TPUHLWIHAAIBHON HEBO3MOXXHOCTU CO3JAHHUSI BCUHBIX JBUTATCIICH,
T.€. YCTPOMCTB, BBIPAOATHIBAIOIIMX TMOJC3HYIO SHEPTHIO 32 CYET
oOpameHuss k BHEIHEH cpene. Bce Takue ycTpoiicTBa JOMKHBI
paboTarh MO MPUHLIKITY TaK HA3BIBACMBIX TCIUIOBBIX HACOCOB, U TAKUX
YCTPOKUCTB VKE€ CO3JAHO MHOXKECTBO. HO BO MHOrMX ciaydasx camu
aBTOPBI HE MPEACTABIIIOT, U3 KAKOTO JKE pe3epByapa SHEPriuu OHU €e
yeprnarot. [losTomy 3mech mpeampuHATa NONBITKA OOBSICHUTH 3TO
00CTOSTENBCTBO C MO3ULMIA HAPOXKIAFOIIEHCS HOBOH obnactu Gu3nku
— 3(UPOJUHAMHUKH, KOTOPOH MPUHAICKUT O0IbIIOS OYAYIIEE.

Crooputs co cnpaBequBocThi0 Hawan TepMomzmHamuku, Kak 3TO
JENMAlT HEKOTOpbIe M300peTaTeny, HET HHUKAKOH HEOOXOTUMOCTH,
moromy uro 3t Hauama Bepubi. HempaBWibHBI BBIBOIBI, KOTOPHIC
JICNAOT M3 HUX HCKOTOPBIC «CEPbE3HBIC YHUCHBICY», MOCKOIBKY B
KOKIOM CIy4ae HYKHO paccMaTpuBaThb HpoONEMy BO Bceil ee
MOJTHOTE, & HE TOMBKO TO, YTO JIGKHT Ha moBepxHocTH. W Toraa
BBIBO/IBI MOTYT OBITh HHBIMH.

OaHaKo BCSKHI KOHKPCTHBIA MPOLIECC MMEET HAYANO0 M HMECT
KOHEL. DHIEIbC MO STOMY HOBOAY ITHUILET:

«.../l BOT MBI CHOBA BEPHYJHUCHh K B3IJISIAY BETHKUX OCHOBATC/ICH
rpeueckoil ¢urocopurt O TOM, UTO BCS NPUPOJA, HAYUMHAS OT
MENbYARIINX YACTHUI] €€ JO BEIUYANIINX TEJI, HAYMHAS OT MCCYMHOK U
KOHYAs COJIHLAMHM, HAXOAWUTCS B BCYHOM BO3HMKHOBEHHH U
WCYC3HOBCHUH, B HEIPCPHIBHOM TCUCHHUH, B HCYCTAHHOM JBIDKCHUU U
mmeHeHun». [®@. Duerenne. Huanexruka npupogst. M.: UL 1969,
c.15.]
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Ho »t0 BOBCe HE 3HAYMT, YTO IBIKCHHE KaK TAKOBOC MOXKET
BO3HHMKATh WIH YHUYTOXKAThCA. J[BIKEHIE BEUHO, U3MEHSCTCS TOIBKO
ero ¢opma, KOTOpast U B CaMOM J€NIE B KaXJOM KOHKPETHOM CIy4ae
MMEET KOHKPETHOEC BBIPAXKCHHUE M COOTBETCTBCHHO KOHKPETHOE
HAYajJo0 U KOHKpETHBIH KoHew. OOBIYHO 3TO CBS3aHO C MEPEXOA0M
¢dopM IBIDKCHHS W3 BHYTPECHHHX BO BHCUIHHMC, HAlpUMEp, W3
TCJIOBBIX,  T.€.  XAOTHUYCCKOrO  JABIDKCHUS  MONEKYI  Tel
(MUKpPOYpOBEHb) B JOBIDKCHHE STUX JK€ WIH JPYTUX Tel
(MakpOypOBEHb), WIIH, HA0OOPOT, U3 ABIKCHHS TEll (MAKPOYPOBCHB) B
temoBbie (hopMbl (MUKpOypoBeHb). Ho MoryT ObiTh 1 mpyrue.

2.2. Qu3uueckue pegonrouuu, 3pup u ezo poiv 8 npupooe

O ToM, 4yTO coOolf MpeacTaBIsIOT (PU3MUCCKUC PEBOIIOLUH, B
COBpEMEHHOH  HayKeé  CYIIECTBYET  HECKOJIBKO  IPEBPATHOE
npeactasneHue. Yame Bcero Qusmueckne MW APYrHE IMOJOOHBIC
PEBOIIONNHN CBA3BIBAIOT C MMEHAMH BEJIHMKHUX JIIOJEH, CYIIECTBEHHO
M3MCHHMBIINX MPEICTABICHUS YEIOBEUCCTBA 00 OKPYKAIOWICH €ro
MIPUPOJE.

Huxomait KonepHuk, moabCKuil yUEHBIH, B CBOE BpeMS HM3MEHHII
MPEACTABICHUS 00 YCTPOWCTBE MHpA, 3aMCHHB TI'EOLCHTPUYCCKYIO
CHCTEMY TEIHNOLIEHTPHUECKOMW, MPOU3BEAI TEM CaMBIM IIEPEBOPOT B
yMax JIOAEH, W 3TO, N0 MHEHHIO MHOTHX, €CTh PEBOIIOLHI B
MHPO3JaHUH.

Huxkomait WMBanoeuu JloGaueBCkuii mOpPOU3BEI PEBOMIOLUI0 B
TEOMETPUH, CO3JAaB TaK HAa3bIBAEMYIO HEEBKIMJIOBY TI'€OMETPHIO,
COTJIACHO KOTOPOM 4Uepe3 OAHY TOUKY, JIEKAIIYIO B OJHOU INIOCKOCTH
C OpsSMOH JMHHUEH, MOXHO IPOBECTU HE MEHEE ABYX MapalIeIbHBIX
ell TuHUI, HE COBIAJAOMUX APYT C IPYTOM.

Amnpbept DWHINTCHH co3aan CrenuaapHy0 TCOPUIO
OTHOCUTEIIBHOCTH, OMIPUUAIOWYI0 Haluuue ¢hupa B mpupome, u
OOmyro TCOPHIO OTHOCHUTEIBHOCTH, VHIGEPHCOAIOWYIO Haluuue
9¢pupa B TOH XE MPHUPOIE, U TEM CaMbIM MHPOU3BET PEBOTIOLHIO B
yMax nroneit, BBes npeactasineHus o boiasmom B3perse niam Hauane
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BceneHHo#, MCKPUBICHHM MPOCTPAHCTBA, 3aMCAJICHUU BPEMCHH U
JPYTUX TMPEICTABICHUAX, KOTOpPHIC TNPHHLUIIHAIBHO IPOBEPHTH
HEIb3s. DTO M €CTh PEBOIOLMS B €CTECTBO3HAHHL.

Tak monaraer odpunmaneHas Hayka. OZHAKO 3TO HE COBCEM Tak,
MOCKOITBKY BCE 3TO HOCUT CyOBEKTUBHBIN XapaKTep.

Ha camom nene ¢pusndeckumMu peBOTIOLMSIMU SBILIFOTCS TIEPEX OB
B CCTECTBO3HAHUHM K BCE 0Oee TNTyOMHHBIM YPOBHSIM OpraHU3alMy
Marepun. Kaxaprii Takod mepexos HE TOIBKO VIIOPSIOYHNBAET
HAKOIUICHHBIC 3HAHWS, HO W OTKPHIBACT NPUHLMITHAIBHO HOBBIC
HATNpaBICHUSI ~ WCCIACAOBAHWUH W, caMoe  TIJABHOC,  HOBBIC
TEXHOJIOTMIECKHE BO3MOXKHOCTH.

Bcero Takux pesostroruii 0o msate [10, ¢. 10; 11, ¢. 44].

Ilepgoii  peeontoyuein 1enecoodpasHO CcUNATATh MEPEXOA  OT
MPHUPOABl B LEIOM K CYOCTAaHUHMSAM, YTO HamOOIee MOIHO ObLIO
chopmynupoBano Apucrorenem B 4-m BEKe A0 Hamieh spsl. llog
cyOcTaHusIMi  mOApasyMmeBaniuch  “3emis’  (TBepAb), “‘Boma”
(ckuakocts), “Bo3ayX” (ra3d) u “oroHp”’ (SHEPrus), T.C. arperaTHbIC
COCTOSIHUSL BELIECTBA. JTO IMO3BONUJIO PACWICHUTh NPUPOLY Ha
HEKOTOPBIC MPOLECCHl U Jajd0 OCHOBY (uaocoduu, kKak HOBOMY
METOAY MBILIICHHS.

Bmopoii pesontoyueii cneayer cuntaTh BBEACHNUE B PACCMOTPEHHUE
BEIICCTB. 34eCh OCOOCHHO mpeycmen Hemeukwii Bpau Ilapanensc
(®unumnmn ¢on ['orenreiimM), monaraBmuid, YTO NPUYMHON OONE3HEH
SIBISICTCSl HEMPABUJIBHOE COYCTAHHWE BEINECTB B opraHu3max. OH
(dakTHuecku MOpoAna (GapMaKoIOTHIO, YTO MO3BOJIHIO U3ICUUTD XOTS
U HE BCEX, HO MHOTHX. JTO HPOU30ILIO B 16-M BEKe.

Tpembeii  pegonroyueri ObuT TIEpexonq K Kopmyckynam  (Io
JlomoHOCcOBY), snementam (mo JlaBya3be), MHUHUMAaIbHas dYacTb
KOTOPBIX ObljIa TOIKE Ha3BaHA MOJICKYJIOH (MalcHBKOW Maccoii).
DakTHUCCKU 3TO MPOM30UII0 B 18-M BEKe, W 3TO Jan0 MOIIHBIN
TOTYOK XUMHH U XUMHICCKUM TCXHOTIOTHISIM.

Yemeepmoii pesontoyueii 611 iepexo k aromy (Haneton, 1824),
Y 3TO Jall0 Pa3BUTHE ANEKTPUUECTBY. 3IECh CIIPABEIINBO YIIOMSIHYTh
nmena [lpBu, Bombra, Ammnepa, ®apazes M MHOrUX JApPYrux
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MOABIKHUKOB JIICKTPUYECTBA M XHMHH, M3 KOTOPOHl M BBILLIO
3JEKTPHUICCTBO.

Ilamoit pegonroyueii OblI IEPEXO] K “IINEMCHTAPHBIM YacCTHLIAM
BeriecTsa, 310 yxke 20-i Bek. OdopMiicHO 3T0 OBIIO MOACTBIO aTOMa
Pezepdopaa (1911), oTkpeiTHieM NpOTOHA, 3JCKTPOHA U HEHUTPOHA,
MCKYCCTBCHHOU paauoaktuBHocThi0 (Kropu, 1934), a mozxe —
MAaCCOBBIM OTKPBITHEM 3JEMCHTAPHBIX YACTHI[, YHUCIO KOTOPBIX
JTaBUHHO HApaCTalo MO MEPE BBEACHMSI HOBBIX CHHXPO(hA30TPOHOB,
JPOOSIIIMX aTOMBI HA BCEBO3MOXKHBIE OCKONKU. OZHAKO 3TO MPHUBEIO
K aTOMHBIM TEXHOIIOTHSIM.

Kaxxnprit  Takoit mepexonm sBisiacs (pakTHYECKH BBOIOM B
paccMOTpeHHE HOBOro, Bce Oonee TITyOMHHOTO CTPOUTEIBHOTO
marepuana, MPCAbBIAYINANA  YPOBEHb  OpPraHM3alid  MaTepHUu
OKa3bIBAJCS BCErO0 JIMIOb KOMOWHATOPHKOH 3TOr0 Martepuasa:
BCLUICCTBO —  KOMOWHATOPHKOM  MOJCKYJI,  MOJEKYIBl  —
KOMOHMHATOPHKOH aTOMOB, aTOMBI — KOMOWHATOPHUKOM 3JIEMCHTaPHBIX
4acTHL. JTO MO3BOSIO Pa3peLINTh HAKOMUBIUKCCS MAPAIOKCH U
MPOTHUBOPEYHS, MPHUBECTH B MMOPSJOK HAKOIUICHHBIH MaTepuan u
OTKPBITh HOBBIC IYTH HCCICIOBAHMS. JTO U €CTh HCTHHHBIC
(U3MUYCCKUE PEBOIOLUH B €CTCCTBO3HAHUU.

Pasymeercs, cMmeHa TCOLICHTPUYCCKUX MPCIACTABICHUN  Ha
FEMOLCHTPUYCCKHE, Mpou3BeacHHbIe KOmMepHUKOM, TaKkKe MOXKHO
paccMaTpuBaTh KaK PEBOJIOLMIO, HO 3Ta PEBOIOLMS HOCUT BCE JKE
YaCTHBI XapakTep, OHA KACACTCs ACTPOHOMUHU M MPAKTHYCCKU Mo
Kacaercss OOIIero TMOCTYMATEIbHOrO PAa3BUTHS CCTCCTBO3HAHUS,
HEOOXOAMMOro Ansl OOLIECTBEHHOTO MPOHM3BOACTBA. A PEBOIIOLHH,
npousBeAcHHbIE J00a4YeBCKMM B TEOMETPHUH U JUHINTCHHOM B
CCTECTBO3HAHUHU  BOOOIIE SBJSIFOTCSL  HE  PCBONIOLMSIMH, @
KOHTPPCBOTIOLMSAMH, TIOCKOJIbKY OHHM HE NPHOMMKAIOT HAC K
MO3HAHUIO PeaIbHOU JEHCTBUTENBHOCTH, 4 OTJAJISIOT OT HEe.

Ilepexoap sxe kK HOBOMY, Oojiee ITyOOKOMY YPOBHIO OpraHU3aIlUuH
MaTepUH €CTh PCabHBIC PEBOIOLMU, CHOCOOCTBYIOINHE Pa3BUTHIO
€CTCCTBO3HAHMS, OHU MPUBOAAT K HOBBIM TEXHOJIOTHSIM M KAaCAKOTCS
BCETO MPON3BOJCTBA.
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CeromHst MBI MEPEKHUBACM 3TaIl MCUCPIAHUS TOCTIDKCHHHA IMATON
CCTECTBCHHOHAYYHOH PEBOMIOLUH. 34 MOCICAHUE JECATUICTHS YHCIIO
HAyYHBIX  OTKPBITHMH  COKpPaTHIOCh, TeopeTudeckas  (pusuka
(haKkTHUCCKH MPEBPATUIACH B MATEMATHYCCKYIO (PH3HKY, HOBBIX HICH
MOYTH HET, & T€, YTO MOSBILIIOTCS, HE HAXOIAT TMOHUMAHUS Y
«CEPBE3HBIX YYCHBIX», KOTOPBIC BCE CINEC MBITAIOTCS H3 «XOPOIIO
VCTAHOBJICHHBIX 3aKOHOB» MOIYYHUTh YTO-TO HOBOE HA MYTIX
MaTeMaTHYECKOH KOMOWHATOPUKH.

Ha camom gene, B Hacrosimee BpeMsl CIOXKUIOCh THIIOBOE
MOJOKCHUE:  DJICMCHTAPHBIC YACTHLBI  OKA3ajWCh BOBCC HE
3JeMEHTapHbI, ux ducio konedmercs ot 200 xo 2000 B 3aBuCHUMOCTH
OT TOTr0, YTO CHHUTATh, BCE OHHU CIIOCOOHBI TPAaHC(HOPMHUPOBATHCS APYT
B ApYyra, u Jaxke uamdeckuil BakyyM (HE mycTasl MyCTOTa) crmocoOeH
U3 TONCH POXKAATh TAKUE YACTHLBL. A 5TO 3HAYHUT, YTO BCE STH
YaCTULBI COCTOST M3 OJHOTO M TOrO K€ CTPOHTEIBHOrO Marepuana,
KOTOPBIA CONCPXKHUTCS BO BCEM MHPOBOM IPOCTPAHCTBE, T.C. W3
3(upa, KOTOPBII COBPEMEHHAs «HAYKa» OTBEpria eime B Havaje 20-ro
CTOJICTHSL.

B Hacrostiee Bpemst yCTaHOBJICHO, ITO 3(Up MpeACcTaBisieT coOoit
TOHKHUH Ta3, 001aAaroIuii BCEMH CBOWCTBAMHU OOBIYHOTO PEAIbHOTO,
T.€. BSI3KOTO M CKMMAeMoOro raza. Ero mIoTHOCTE B OKOJIO3EMHOM
npocTpancTBe paBHa 8,85.107'2 Kr/M’, HECMOTPS Ha CTOTb MATYIO
IIOTHOCTH, naBieHue B Hem pasHo 10°7 ITa, a sHeprocomep:kanme
cocrasmser 107 Jox/ M3, U B 3TOM OOnblmasi MEPCICKTUBA SIS
OyAyIIei SHEPTETHKH.

Craeayer HAaMOMHHTB, YTO HOTPEONCHUE SHEPTHU HEIOBEYCCTBOM
HAa BCE HYXIb — NPOMBILUICHHBIC, TPAHCIOPTHHIC, OBITOBBHIC,
HCCIICIOBATEIBCKUE, BOCHHBIC H T.II. COCTABISIET MO PA3HBIM OLICHKAM
or 10%° go 10* Jlxoyeit B rox, 1 ecu GbI yAAI0CH OCBOHTS SHEPIHIO
XOTs OBl ogHOrO Kybomerpa 3¢dupa, To 3TOH SHEPTUU YCIOBEUCCTBY
XBaTHJIO OBl HA MHOTHE MUITUApAb! jeT. Ho 5TUM HOYTH HUKTO HE
3aHUMACTCSI, TMOTOMY YTO COBPEMCHHBIMH  «YYCHBIMH»  3TO
HATPaBICHIE CUUTACTCS HE HAYIHBIM. ..
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2.3. Umo makoe «menioevie HAcocvi»?

XOJ'IOI[I/IJ'ILHLIG MaIlTUuHbI NN mpocCTo XOJIOAUJIPHUKH,
n3o0peTeHHbIe emie B Hadane 19 Beka anrmmuanuaoM [Dk. Jlecnw, a
3aTeM ycoBeplieHcTBOBaHHBIC (panimyzom @.Kappe um Hemuem
®.Bunaxay3eHOM OpOCHIM TEHb Ha BCEOOIIYIO CIPAaBEAIHBOCTD
Hauan TCPMOAUHAMUKN HC B CMBICJIC HUX HCCIPaBCAJINUBOCTHU, a B
CMBICJIC BBITCKAKOLICIO M3 HUX YTBCPXKACHUA O HpHHHHHHaJ’IbHOﬁ
HCBO3MOXXHOCTH CO3JaHUA BEYHOI O ABUIaTCIA.

Kax HU3BCCTHO, B KAXKIAOM XOJOAUJIBHHUKE HMCCTCA XOJIOAHUJIbHAA
WIH JOKE MOPO3WIbHAs KaMepa, H3 KOTOPOW MPHHYIUTEIBHO
O0TOHMpAETCs TEIIO M MEPENACTCS B OKPYXKAIOIIYIO CPEAY, HMCIOIIYIO
Oosiee BhICOKYIO Temmepatypy. lloaygaercs, uro Temio otoupaercs ot
00jice XOJOJHOTO Tejda M MEPEHACTCS OOoliee TopsueMy TEIy C
MOMOIIBIO HUPKYJIUPYIOIIEr0 MEXAY HUMHU XJIAAAr€HTa — XKUIKOCTH,
CHOCOOHOH mpeBpalnaThCs B Map M TEM CaMbIM OTOHpaTh TEIIO, a
3aTeM B JPYrOM MECTE CHOBA MPEBPAIATHCS B JKUIKOCTb, M TEM
CaMbIM OTAaBaTb TCILIO. HpaB;[a, TFOHATH 3Ty XHUIAKOCTb HY>KHO
OPpUHYAUTCIIPHO C IMIOMOLIBIO CICHUAJIBHOIO MUPKYJIALMUOHHOI'O
HAcoca, M IIO3TOMY CJIOBO «CaMOINPOM3BONBHO», HMEIOLIEECS B
¢dopmymuposke Broporo Hawana, okaspiBaetcss Hu mpu uem. Bcee-
TaKy, HE CAMONIPOU3BOIBHO, & MPUHYANUTEIBHO, TO MCHSET JEIO.

CrpykrypHas cxema XOIOJUIbHHUKA MPUBEAeHa Ha puc. 2 [12].

1 2
l |

[ |
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Puc. 2. CTpyKkTypHasi cxeMa XOJIOJIVIBHUKA. 1 — MOpO3WIbHAS Kamepa; 2 —
Kanopudep, BBLISISIOMIMI TEIUIOBYIO SHEPIHI0 B OKPYXKAIOIIYIO cpexy; 3 —
XJIaJIar€HT, IMPKYIUPYIOMMA MeXTy MOPO3WIBHONH KaMepoit u kaitopudepom; 4 —
Hacoc, 00eCIIeUMBAIONIII IIMPKYIISIIMIO XJIaJIareHTa.
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Kak y»xe yka3pIBanoch BbILIE, JBUKCHUEC MATCPUU HE MOXKET OBITH
HUKakuM o0Opa3oM HH CO30aHO, HM YHHUYTOXKEHO. B mpuBeIcHHOM
MpUMEpE XONMOJWIBHUK TMOTPEOISIET U3 CETH B  KOJTHYECTBE,
HEOOXOOMMOM s ~ NPUBEACHHWS B JBIDKGHHE — Hacoca,
MEPCKAYMBAIONICTO XJIaJarcHT, a Ha Kamopudepe BBLACTICT 3TY
SHEPTHI0 IUTIOC Ty, KOTOPYIO OH NPUHYAWTEIBHO 3abupaer oT
XOJOJUIBHOM KaMepbl U MPOJAYKTOB, HAXOASMIuXcs B Hell. OOmuii
OanmaHc SHEpruu cCOOTIOACH, HO KII 3[E€Ch C TOUKH 3PEHUS BBLACICHUS
Temna Bcerga Oonplne eOUHHULBL. Eciam Jke LEempio SIBISCTCS HE
o0orpeB KOMHATBI C TOMOINBIO XOJOAWJIbHHKA, & IOHIKCHHC
TEMIICPATYPhl XPAHSIIIMXCS B HEM MPOAYKTOB, TO KIIX OKAa3BIBACTCS
OTPHLIATETIBHBIM, MMOTOMY YTO TEMIIEPATypa B XONOIWUIBHOW Kamepe
OIyCKAETCS, W TEIUIO OTOMpaeTcs. JTO eme pa3 AEMOHCTPHPYET
HEOOXOJMMOCTh YTOYHEHHS CAMOr0 MOHATHS KO — KoddduureHta
none3nozo (I MOCTaBICHHOM IIC/TH) JCHCTBUSL.

Takum oOpazom, Ha kamopudepe, SBISIOLMMCS BBIXOJOM
XOJOANIBHOW MAIIWHBI, BBLACISICTCS SHEPTUH OONBIIE, YeM 3aTPAucHO
st obecnieueHUs UUPKYISIOuM XnagareHta. M 310 3HauuT, 4TO
k03 (PHULIMEHT MOME3HOro AeHCTBUS MHOOOr0 XONOIWUITbHHUKA OOBIIE
eArHULBL. B HEKOTOPBIX caydasx OH coctaBiseT 3-4 u gaxe 5. A 310
OYEHb BBITOIHO, IOTOMY HYTO, CCTH IIOMECTHTh MOPO3HIBHYIO KAMEPY
B PEKY, 03€pO WM OKEaH, a Kanopudep pasMecTUTh B JOME, TO MOKHO
Oparb u3 BOAel OHEpruu B 3-4 pasza Oonbiie, 4YeM, €CIU
HEMOCPEACTBCHHO 000rpeBaTh KOMHATY MPOCTOH MEYKOH. ITO JaBHO
V)K€ MPUMEHEHO BO BCEM MHPE M MOIYYHIO HA3BAHUC «TEILIOBBIX
HacocoB». U naske paspabotaHa Teopusi, B COOTBETCTBUH C KOTOPOIt
TCIJIOBBIC HACOCH Pa0OTArOT, HUCKONBKO HE HApyIIas HPHHLMUIIOB
TCPMOJUHAMUKH.

Ho Tyt mosiBisiercss cobma3H 3aMKHYTh CHCTEMY U 3aCTABUTh
XOJOJUIBbHYI0 ~ MamwmHy  paborar  BEYHO  0€30  BCSKOrO
HCKYCCTBEHHOTO MOABOJA K HEW SHEPTHUH.

A mouemy Obl m Her? Bemp MOXKHO e HW30BITOK JHEPruw,
BBIICISICMBIIT  Ha Kajopudepe, HMEIOLIEM TEMIEparypy Oomee
BBICOKYIO, YEM MOPO3WIbHAs Kamepa, HCIOIb30BaTh IS 3aIycka
Hacoca (puc.3).
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Puc. 3. MojgepHI3NpOBaHHAsI cXeMa XOJI0IVIBHUKA € 3aMbIKAHHEM CHCTeMbl,
MPeBPAMAOIIAS X0JOAIILHUK B BeUHbIIT IBHTaTeJIb!
1 — mopo3wibHas Kamepa; 2 — Kajlopudep, BBIISILIONII TEITIOBYIO SHEPIUIO B
OKPYXaIoIIyIo cpefy; 3 — XJIaJareHT, IWMpPKYIUPYIOIMA MeXTy MOPO3MIBHOMN
Kamepoit U xaopudpepoM; 4 — Hacoc, 0OecIIeUNBAIOIIMIA IIMPKYJLLIIO XJIaJJareHTa; 5
— YCTPOMCTBO OOpaTHON CBSI3H, IIEpeBO/IAINEe SHEPIHIO Kaopudepa B SHEPIrUo s
Hacoca XJajlarexHTa.

Torma mocie mepBOro TOMYKA BCS CHCTEMA MPHUIACT B JBIKCHUC U
OyAeT HE TOIBKO KayaTh XJIAJAOHOCHTEIh MO TpyOam, HO M MOCTaBJIATh
JapoBYIO HEPruto B moMemenus g ororicHus! Kyaa xak xopomro!
Ho gnst aTtoro Hy:KHO, 9TOOBI M30BITOK SHEPTHUHM OBLIT OOJBIIMM U
9TOOBI MPOU3BEACHUE ITOr0 M30BITKA HA KIII HAcoca ObuT OOMbIIe
enuuunpl. Kopodue ToOBOps, HY)KHO, uYTOOBI SHEPTHU BBIACISIOCH
0ostbLIIe, YeM HOTPEOIIEeT HACOC. A BOT 3TOrO MOKA U HE MOTY4aeTCs.

M xoTs BO BCEM MHpPE TMOCTPOCHBI MHOTOUYHCIICHHBIC TCILIOBBIC
HACOCHI CaMBIX PA3HOOOPA3HBIX KOHCTPYKIIMA, YTO OUCHb BBITOIHO
JUIS DHCPTCTUKOB, 3aMKHYTh CHCTEMY Tak, 4TOOBI Moryia paborarsh
BEYHO, TIOKA HE yIaT0Ch HUKOMY.

OxHako 10 HACTOSAINETO BPEMEHH BCE CIIC HE HAIMIOCH TCOPCTHKA,
KOTOPBIH J0Ka3an Obl MPUHITATIMATIBHYI0 HCBO3ZMOXHOCTh 3aMBIKAHUS
XOJOAMJBHOM CHCTEMBI W TIEPEBOAA €€, Tak CKasaTh, Ha
CcaMOOOCTY>KUBAHNUE C ICITBIO BBHITMIOIHCHUS 33aud MEPCKAUKA TETIIa
n3 Oonee XOMOAHOW peku B Oonee TEIIoe MOMEHICHHE. A MO3TOMY
MOMBITKA CO3JaTh TaKyH0 3aMKHYTYIO CHCTEMY MPOIOJDKAIOTCS, H,
MOXET OBbITh, OHHM YBCHYAIOTCS YCIIEXOM. JTOr0 BIIOJHE MOXKHO
OXKHATh, TIOTOMY YTO yCIeXa J0OMBACTCS HE TOT, KTO 3HACT, UTO
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3TOrO CAETATh HENMb3sl, & TOT, KTO 3TOrO HE 3HACT, M MO3TOMY JCIACT.
HUctopus nzobperenuii 310 MOATBEPKAAIA MHOTO pas3.

3mecy cneayer oOpaTuTh BHUMAHHE HA OJHO MPUHIMIHAATBHOC
00CTOSTETBCTBO.

B Hacrosimee Bpemss H300pETEHO MHOXKECTBO YCTPOKCTB, B
KOTOPBIX KIIA, T.C. OTHOLICHHUEC BBIACICHHON DHCPTHM K 3aTPaucHHON
Oosplie eaUHHUIBI. MHOTME ¢3 HUX 3allaTCHTOBAHBI, MHOTUC
peanr3oBaHbBl B BHIAC ACHCTBYIOMMX obOpasuos. M mpaktuuecku Bce
aBTOPHI ATUX YCTPOHCTB HE MOTYT OOBSCHUTH, OTKyJa OHU OCpyT
JIOTIOTHUTENIbHYI0 3Hepruro, He monumas ¢uamueckoil CymHoCTH
WCIIOJIb3YEMBbIX HMH TMPOLIECCOB, OHHM IMBITAKOTCA MOJABCPTHYTH
COMHEHHIO CyIIECTBYIOIME (r3mdeckne 3akoHbl, Te e Hauana
TEPMOAVMHAMUKH, & 3TO HCBEPHO. Takol MyTh TYHHKOBBIH, MOTOMY
YTO, BO-TICPBBIX, OTH 3aKOHBI BCPHBI, a BO-BTOPBIX, ABTOPBI, HE
paso0paBIIMCh B HCHONB3YEMBIX HMH MpPOLECCaX, ITUINAT cebs
BO3MO)KHOCTH YCOBEPLICHCTBOBATH CBOHM YCTPOMCTBA.

Ha camom ¢ aeme, B CBOMX MOMBITKAX OOBSICHECHUS MOTYYICHHBIX
uMu 3¢ (eKTax OHH MPOCTO HE BCE OOCTOSATENbCTBA yumThIBArOT. K
YaIle BCEro, OHM HE YUMTHIBAIOT HAIMYUC 3(upa, OKPYKAIOLIETO HX
YCTAHOBKM, M3  KOTOPOrO OTH  YCTPOHCTBA W HCPIAIOT
JIOTIOTHUTENTbHY IO dHEpruro. MMeHHO oOpasoBanue 3pupHbIX BUXpEi
B OKPY’KAIOIIEM YCTPOHCTBO MPOCTPAHCTBE, 4 3aTeM MOTIOLUICHUE HX
MO3BOJSIET OOBACHUTh BcE I3(QPEKTHI, CBS3aHHBIC C YBCIHMUCHUCM
SHEPTUU HA BBIXOJE ITHX YCTPOHCTB IO CPABHCHHUIO C JHCEPTHUCH,
MOJIYYEHHOW UMU Ha BXOJE.

3. DHepreTukKa BUXpen

3.1. Hexomopule céedenus 0 KpUBOIUHECIIHOM 08U CEHUU

Meronos mpeoOpa3oBaHus SHEPruu U3 OAHUX (OPM B APYTHEC
CYLIECTBYET MHOXKECTBO. DTO U MPEOOPA30BAHUC TCILIOBOUM SHCPTUU B

MCXAHUYCCKOC JBIDKCHHC B TCIUIOHCPTCTUUCCKUX —YCTAHOBKAX,
HampuMep, B MapoBO3aX M Mapoxojax, MpeoOpa3oBaHUC TEUCHUI
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BOABI M BO3AyXa B J3JICKTPUYCCKYIO SHEPTHUI0 B THAPOTYPOMHAX U
BETPOBBIX T'CHEPATOPAX, U MPEOOpPa30BAHUC COTHCUYHON SHCPrUU B
SJICKTPUYCCKYI0 B CCIICHOBBIX DJJICMCHTAX W MHorue apyrue. Ho
CYLIECTBYET €IIE OJUH YUCTO MEXaHUICCKUM CITOCO0 Mpeodpa3oBaHuUs
SHEPTrUU MNOCTYNATEIbHOTO IBIDKCHHUS TEM B HMX JKE€ BpaIlaTeIbHOE
JIBUOKEHUE, KOTOPBIM, C OAHOM CTOPOHBI, BCEM H3BECTEH, C JAPYrOH,
KOTOPOMY O CHX IOp HEC OKa3aHO MOJDKHOTO BHUMaHWs. s Toro
4TOOBI MMOHSTH, TIOYEMY OH 3aC/IyKHBACT 0COOOr0 BHUMAHHUS, CACIYCT
HAIlOMHUTb, YTO B MEXAHHUKE CYIIECTBYET TPU 3aKOHA COXPAHEHUS
JBUKCHUS.

IlepBsiii 3aKOH COXPAHCHUSI — 3TO 3AKOH COXPAHEHUs KOJIUYeCmBa
oeuoicenus. Ero (hopMyIpHOE BEIPKCHHE

K =mv =const @)

rae M—3To Macca Tena, a V —CKOPOCTb €r0 ABIDKECHUS.

Panp1ie 3TOT 3aK0H HA3BIBAJICS 3aKOHOM COXPAHCHUS JKHBOU CHITBL,
a mo3ke (U3MKKM HA3BAIM €r0 3aKOHOM COXPAHCHUS HMITYJIbCA,
ITOCKOJIBKY CYIIECTBYET COOTHOIIECHUE

K=mv =FT = P(ummynsc cuner), 2)

rae F — cuna Bo3aelicTBUst Ha Maccy WM MacChl HA APYroe Teao, a T —
BpCMs BOSﬂCﬁCTBHH. TyT C€CTh COMHCHHUC B CHPaBCAJINUBOCTU TAKOI'O
HCPCHMCHOBAHMSI, MOCKOIBKY B JICTSLIEM TEIC Macca M CKOPOCTh
CCTh, @ HU CUJIbI, HU BPCMCHHU CC BSaHMOI[CfICTBHH C Apyrum TCJIOM
HCT, W KOrga OHHU TMOABATCA, HHUKOMY HC H3BCCTHO. HO3TOMy
BBIPAKCHUC «UMITYJIbC CUJIBD) COOTBCTCTBYCT MPCACTABJICHUAM O TOM,
4910 caM (haKT CYIICCTBOBAHUS 3TON MACChI, JICTAIICH B IIPOCTPAHCTBE,
HUMEECT MECTO 6LITI: JIMIBb MOCTOJIBKY, MOCKOJbKY OHA MOXCT C KEM-TO
MpOB3aUMOACHCTBOBaTh. A ecium  Takoro  HabIromaeMoro
B3aMMOJCHCTBHS HET, TO CYIUECTBYET Macca B PEATbHOCTH HIU HE
CYIIECTBYET — HCBAXKHO, MOCKOIbKY HAaOMIOJAaTh €€ Hedb3s. A 3TO
BeACT K 060-0-0abpmuM PHI0CO(CKUM CICICTBHSM.
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Ho 3akoH coxpaHeHus KOMUYECTBA ABHIKCHUS M B CAMOM JCNE
MPOSIBIISICTCS TP B3aMMOJCHCTBUH TEN, HO TOJBKO IPH HX YHIPYroM
coymapeHud. Tema OOMEHHUBAIOTCS KOJMWYCCTBAMH JBIDKCHHS, T.C.
HMIYIbCAMH M PA3NCTAIOTCS, YHOCS Ka)IbIi ¢ COOOH CBOIO JONIO
KOJIMYECTBA ABIDKCHHS, CyMMa KOTOPOrO IO U IIOCIE COYJapeHUs
octaeTcsi HEM3MEHHOW. B 3ToM m 3akmrouaercst 3akOH COXpaHEHUS
KOITMYCCTBA JBMKCHISI, OH JK€ 3AKOH COXPaHCHUS HMITYIbCA.

Bropoii 3akoH coxpaHeHus: — 310 3axon coxpanenus snepeuu. Ero
(opMyITBEHOE BEIPKCHHE

mv
W= ——=const 3)
2

U OTJIMYACTCSl OH, TJIaBHBIM 00pa3oM, OT MPEIOBLAYIIECIO TEM, HTO
CKOPOCTb IBIDKCHUS TEla B HEM BO3BOAMTCS B KBaJIpaT. DTOT 3aKOH
co0moaceTcs Mpy BCEX BUAAX B3aUMOJACHCTBUH, KaK YHOPYIHX, Tak U
HE YIPYTHX.

B cepeanne 19-ro cronmetuss MEXIy €CTECTBOMCIIBITATENSIMH IIENT
MHOTOJIETHHH O)XKECTOUEHHBIA CIIOp, KAKOr0 THIA ‘YKUBOW CHIIONW
HY>XHO HM3MEPATh JBM)KCHUE — MPOHM3BEICHHEM MAaCCHl Ha CKOPOCTB,
WM JHEPrHEH, T.C. NMPOM3BEICHHCM IOIOBHHBI MAacChl Ha KBAaApat
CKOpPOCTH, MOCKOJIBKY OBLIM U Takue, u Takue ciaydau. llox ‘“>xuBoit
CHJION” pa3HbIC YUICHBIC MOHUMAJH pa3Hble MEPbI ABIDKCHUS. Dusnkn
TOrJa HE CMOTJIM PEUIMTh 3TOT CIOP, U B ACIO BMemajcs ¢uiaocod
Opugpux OHrempc, KOTOpBI B  CBOGH W3BeCTHOH pabore
«nanektuka npupoap» B pazgene «Mepa gBukeHUs — pabotay
MoKasal, 4YTo 00€ MEphl JBMIKCHHUS CIPABEATIMBEI, HO TOIBKO OJHA U3
HUX — KOJIHYCCTBO ABYDKCHHS CIPABCATHBA AT HEYHHUYTOXKACMOTO
JOBWDKCHHS, a BTOpas — OHEPrus — IS YHAYTOXKAEMOro, T.C.
nepexoasmero B Temwo [13].

JHrenbe Tak ¥ numeT: «OZHUM CIOBOM MV — 3TO MEXaHHYECKOE
JBWDKCHHE, M3MEPSIEMOC MEXaHUUCCKUM JKE JBMKCHHEM, MV/2 — 3TO
TO JKE€ CaMOC MEXaHWUYECKOC JBW)KCHHE, HO H3MEPSIEMOE €ro
CHOCOOHOCTBIO TIPEBPAINATHCS B OMPEACICHHOE KOTHYECTBO APYTOit
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¢dopmel akenus. M mbl Buzenu, 4ro o6e 3TH MEpHI, TEM HE MEHEE,
HE MPOTHBOPEYAT APYT APYTY, TaK KaK OHU PA3ITHIHOTO XapaKTepa»
[13,c.77].

C Tex mop Tak UMM H MOIB3YIOTCS, YACTO, MpaBaa, 3a0bIBasi, 4TO
SHEPrUsl — 3TO MEpa 3araca JBHXKCHUS, CIOCOOHOro oOparnathCs B
TEmIO.

JHrenbC MUILIET: «...depe3 MV H3MEPSIETCS «IBIKECHHUE, Hepeaa-
BAacMOEC M BUAOHM3MCHSICMOC MEXAHHYCCKUMH MPUCIOCOOTICHUSMID,
TakuM o0OpasoM, 3Ta Mepa MNPHUMEHHMA K pb¥ary M BCEM
MPOM3BOAHBIM M3 HEro ¢opmam, KoilecaM, BHHTAM H T.O. KOpOdYe
TOBOpPSI, KO BCEM MEXaHHYECKHM MPHCIOCOOICHUSM, MEPEIarOIIM
gBmkeHre. Ho OgHO mpocTo W BOBCE HE HOBOE PACCYXKIACHHE
MOKAa3bIBACT, YTO 34ECh B TOM XK€ MEPE, B KAKOM HMMEET cuiy My,
mMeeT cmmy MV, BosbMeM  KakOe-HHOYZb MEXAHHUCCKOS
MPHUCIIOCOOICHHE, B KOTOPOM IIJICYH PHIYArOB OTHOCITCS JPYT K APYTY
kak 4:1, B KOTOPOM, CICAOBATCIbHO, TPY3 B | KI' YPaBHOBCIIHBACT
rpy3 B 4 kr. [IpiioxuB coBEpIICHHO HUYTOXHYIO JOOABOYHYIO CHITY
K OZHOMY IIJICYY, MBI MOXKEM MOFHATH 1 kr Ha 20 M; Ta ke camas
J00aBOYHAsI CHJIA, PUIIOKEHHAS 3aTEM K IPYrOMY ILICUY, [OXHUMET
4 xr Ha 5 M., ¥ TIPUTOM TPy3, IMOTYHAOLINH [TEPEBEC, OMYCTUTCS B TO
JKE camMoe BpeMs, Kakoe APYroMy TIpy3y HOTpedyercss It €ero
MoAHATHS. MacChl U CKOPOCTH 34€Ch OOpPaTHO MHPOMOPLHOHATBHBI
apyr mpyry: my, 1x20 = m'v, 4x5. Ecnm ke MBI NPEIOCTaBHM
K)XIOMY U3 IPY30B — MOCJIC TOrO KaK OHH OBLITH HOAHATH — CBOOOIHO
yOacTh Ha IEPBOHAYATBHBIA YPOBEHb, TO Ipy3 B 1 Kr, mpoiias
paccrostaue B 20 M, mpuodperer ckopocTs B 20M/c (MBI mMpUHUMAEM
31eCh YCKOPCHHC CHIIBI TSKECTH PABHBIM B KPYTIBIX mudpax 10 m/c’
BMecTO 9,81 M/Cz);

Hpyroii ske rpy3 B 4 Kr, NPOIAsS paccTOsSHUE B 5 M, IPUOOpETET
ckopocts B 10 m/c.

mV = 1x20x20 = 40 = m'v'? = 4x10x10 = 400.

HaoGopot, BpemeHa maaeHus 31ech pasmuuHbl: 4 Kr MPOXOIIT
ceou 5 M B | cekyHay, a | kr ceou 20 M. B 2 cekynasl. Camo coboit
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pazymeercsi, MBI 34eCh TNpPEHEOpErNM  BIWUSHHEM TPEHUS U
COIPOTHBIICHUEM BO3yXA.

Ho mocne toro kak kaxmoe u3 0OOHMX TEn YHAIO CO CBOCH
BBICOTBI, C€ro JABIDKCHHC TNpekpamacrtcs. TakuM oOpazoM, MV
OKa3bIBACTCSA  30ECh  MEPOH  MHPOCTO  TNEPEHECEHHOro,  T.C.
IPOJO/KAOMIETOCS  ABIDKCHHS, a MV OKa3sIBACTCS  MEpOid
HCYC3HYBIICTO MCXaHIMYCCKOTO ABIDKCHISD) [TaM ke, ¢. 73].

Ho ectp u Tpernii 3akoH COXpaHEHHSI — 3TO 3aKOH COXpAHeHus
MOMEHMA KOIUYeCmed OBUIICEH U], BRIPAKAFOLIIIACS KaK

L = mvR =const, 4

U CIIPABEIIUB OH IS CITy4aeB, KOTAa Macca JBIDKETCS MO TPAEKTOPUHU
C IIEPEMEHHBIM pazuycoM R.

Ho 1yt BO3HUEKatOT HekoTopbie TpyaHocTH. [IpeacraBum cebe, uto
TENO IBIDKETCS MO KPHUBOH C M3MEHSIOLIMMCS PaIUyCOM, HampHMep,
map, JBIDKYLIMICS 10 JKeno0y ¢ MEPEMEHHOW KPUBU3HOH (puc. 4).

Puc. 4. ]IpmikeHne mapa 1o KPHUBOJIMHEITHOMY KeJIoOy € TepeMeHHOIl
KPHUBH3HOIT

Ecmu paamyc TpaekTopuu yMEHBIDACTCS, TO COrJACHO 3aKOHY
COXPAHCHHUS MOMCHTA JBHKCHUS CKOPOCTh JOJDKHA BO3PacTaTth
00paTHO MPOMOPLIMOHATIPHO OTHOLICHUIO PAJHYCOB!

Ri

Vo, =V

®)
R
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Ho Torma HapymaroTCs 3aKkOHBI COXPAHCHHS KOJIMUCCTBA
ABYDKCHUS WU COXPAaHCHUA SHCPruM, nmoToMy 4YTO HC BUAHO, IITO6I:I
SHEPTrus MOABOMIACE K ABIDKYIIEMYCS IO Tpaekropuu temy. Ecmm
JKE CKOPOCTh COXPAHSETCS, TO 00a 3aKOHA BBIMOJHSIOTCS, HO TOTAA
HapymacTcsd 3aKOH COXPaHCHUS MOMCHTA KOJTMYICCTBA ABUXKCHUS.

OxHAKO 0Ka3aa0Ch, UTO JBIKCHUC MO KPUBOM TPACKTOPUU MOKET
OBITH OCYIICCTBICHO IBYMS CITIOCOOAMU — ¢ TIOJBOIOM DHEPIUH U 0Oc3
[TOIBOIA SHEPTHH, U 3TO COBCEM pa3HbIe ciryuau (puc. 5).

£
_ V2= Vi
a ) V=V,
nL<r, mvr = const
r 2
w = const w=( 2 ) w,
2
lMNozpaHuy4HbIl
cnoii —
n>P,
O6riacmb MopMOoXKeHus1
8)

Puc. 5. /IBueHne Tesia o KpuBoJIHHEITHONH TPaeKTOPHH:
a) BOKPYT IIWIHMH/IpA; 6) BOKPYT HEIIOJBIKHOIO IIEHTPa;
6) paspe3 HIDKHEW YacTu cMepya.

Ecau Teno ABWDKETCS BOKPYT MIUIMHAPA, YACPKUBACMOC HUTHIO,
HAMATHIBAMOIICHCS HA  OWIMHAP, TO ILCHTP  OKPYKHOCTH
MEPEeMEAeTCsl M0 UUINHIAPY, U paauyc yMmeHbmaercs (puc. 5a). B
5TOM CIy4ac HUTh BCC BPEMS HATSAHYTA, M TCJIO MOBOPAYUBACTCS
BOKPYT LICHTPA, HAXO/SINErOCs HAa MOBEPXHOCTU LMIMHIAPA. 3AECh
YTOJ MEKIY TPACKTOPUCH ABVDKCHUS TElIa U HUTHIO cocTaBsieT 90°, u
3CCh HCT HUKAKOW MPOCKIINN CHJIBI HATSOKCHUS HUTH HA TPACKTOPHIO,



194 T';1aBa 6.

M3-32 3TOT0 HET YCKOPCHHUS Teja, XOTS PaANyC TPACKTOPUU MCHSICTCs !
TouHo Tak k¢ OH OYJCT MCHSATHCS M HPU KAYCHHUH Imapa 1o Kenody ¢
MEPEMEHHBIM PAJUYCOM, M MPH 3TOM CKOPOCTh MEPEMEILICHUS Iapa
OyIeT MCHSTBCS MO HANpaBACHUIO, HO HE MO BenmuuuHe. KOO
JIOTIOJTHUTETbHASL SHEPTHUS K HEMY HE IMOABOUTCAL.

Ecnu ke Teno ABMKETCST BOKPYT MOCTOSIHHOTO LICHTPA BPAIICHUS,
TO [JBIDKCHHE OYJICT NPOUCXOAWTh IO KPUBOH C MOCTOSHHBIM
pPaanycoM, TOTAA TPACKTOPHS ABMKCHHUS TENA MPEACTABISCT COOOM
OKpPY>KHOCTh, IIOTOMY HYTO TOJBKO OKPYXKHOCTh €CTh KpHBasi C
MMOCTOSIHHBIM ~ paguycoM, apyrux Her. llpm sTtom yrom mexay
TPACKTOPHUCH Telaa M HUTHIO cocrasisier 90°, cmma, yacpKuBaromas
HUTh, HUKAKOH MPOSKIHMK Ha Tpackroputo He gaet. M eciau mpu stom
HUKAKHUX [MOTEPh SHEPTUHU HE CYIICCTBYET, & TENIO YXKE ABHIKCTCS, TO
OHO MOKET BpAIIaThCsS BOKPYT LICHTPA CKOJIb YTOAHO JOJr0, U €ro
CKOPOCTb MPH 3TOM OYAET MOCTOSHHOM (puc. 50).

A BOT eClii TpU ABMKEHHUH MACChl BOKPYT HEMOABIIKHOTO LIEHTPA
32 HHUTH MOTSHYTh, TO TOTJA PATUYC HAYHET YMCHBIIATHCS, W YIOI
MCXKAY TPacKTOpUCH 1 HUTHIO cTaHet He 90°, a menbime. Torma cuia,
C KOTOpOW# TSHYT HUTh, AACT MPOCKIMIO HA TPACKTOPHIO, U Macca
HAYHET YCKOPAThCs. Takum 0OpazoM, YCKOPCHHE MACChl MPOUCXOIUT
32 CYCT DHEPrHH, KOTOPYIO BKJIAJBIBACT TSHYIIMH 32 HHUTh B
MEPEeMEIICHUE MacChl K LEHTpy. llpuMepoM 3ToMy sBISIETCS
JBIDKCHHC  KOHBKOOCKIIA, KOTOPBIM  Bpamiaercss Ha  JbIy,
MPCABAPUTCIBPHO  BBHIOPOCHB PYKH B CTOPOHBI, a  3aTeM
MOATATUBAIOIIMI UX K ceOe.

Pacuer mokaspiBacT, YTO MPH TaKOM CIOCOOE YMCHBIICHHUS
paanyca HE TOJBKO B TOYHOCTH BBIMOJHSICTCS 3aKOH COXPAHCHUS
MOMEHTA KOJMYECTBA [JBMKCHUS, HO U 3aKOHBI COXPAHCHUS
KOJIMYECTBA ABIKCHUSI U SHEPTUH, TMOCKOJIBKY DHEPTHUsl J00ABIISICTCS
BHCIIHUM UCTOYHUKOM, TEM, KOTOPBIH TSHET 3a HUTh.

Takum 00pa3oM, OKa3bIBACTCS BO3MOXKHBIM  IPEOOpa30oBaTh
SHEPTHUI0 HATSDKCHUSL HUTH B SHEPTUIO BPAIICHUS TE/IA BOKPYT LICHTPA.
CeroaHst BBISICHHIIOCH, YTO HMCHHO IMOJOOHBIA MEXAHU3M JICKHUT B
OCHOBC DJHCPIeTUKU Ta30BbIX BUXpeH (pHC. 56), U B 3TOM Ans
SHEPTeTUKH OOJbIIAsI MEPCIICKTUBA.
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3.2. Awux Byoa. Omkyoa cmepyu u yukionsl Gepym snepzuro?

Hs mpoBepku ¢hakra CKUMAECMOCTH Ta30BBIX BUXPEH ObLT
M3rOTOBJICH TaK HA3bIBaCMbIH sIMuK Byza.

Amuk Byaa npencraBnsier coOoil OOBIYHBIN SIIUK THIIA TOTO, B
KOTOPBI YIAKOBBIBAIOT IOCBUIKH, HO BMECTO KpBIIIKA HA HEro
VCTAHABIMBAIOT VIOPYIYIO MeMOpaHy, a B JHE HPOCBCPIHBAIOT
OTBEPCTHE AMAMETPOM 5-6 cM. BHYTpH 3aKmagsIBarOT «IBIMOBYIIKYY,
T.. YTO-TO TaKOE€, YTO CIOCOOHO C€O034aBaTh JAbIM, HAIpPHUMED,
rOpsILIYIO pacuecky (puc. 6).

Pesknii yaap mo memOpaHe HPUBOIAWT K BBIOPOCY KOJBLIECBOTO
BHUXpsT M3 OTBEpCTUsl smmuKa. Jlms BBISICHEHWS OCOOCHHOCTEH
(hopMHpOBaHUS BHXPs LIENECO0OPa3HO MyCKAaTh BUXPb BIONb CTCHKHU,
Ha KOTOpPOW HAaYepueHbI MOJOCH. BHUXph JBIOKETCS BIOIb CTCHKHU, U
BHIHO, YTO €r0 JBM)KCHHE COCTOUT M3 TPEX STAIOB.

e —— T A

Puc. 6. ®opMupoBaHHe Ta30BOr0 TOPOHIAILHOTO BHXPSI C TOMOINLIO
stmuka Bynma: 1 — crajmd cxaTusl TOpomJa; 2 — CTasl PacIMpeHUs TOPOHJA
(muddyzmst); 3 — cTas pazBaia TOPOUA.

1 sTan — mocne BBUIETA W3 OTBEPCTHS TOPOMAAIBHBIH BUXPh
VMEHBIIAET CBOM pa3Mepsl, 3TOT Ipolecc OCHOBHOI. B mpomecce
CKATHSI BUXPS €r0 SHEPTeTHKA TIOBBIIIACTCS.

2 3Tam — BHUXPHh YBEIWYMBAET CBOM pa3MeEpsl M 3aMEMIISIET
CKOpPOCTb. 3JEChb SHEPIHs, HAKOIUICHHAS TOPOUAAIBHBIM BHXPEM
TpaTHUTCA.
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3 osram  — BHXpPb OCTAHABJIMBACTCA W  pa3pylmmacTcs
(muddyuaupyer). 3aeck ocaabaCHHBIN MOTPAHUYHBIA CJIOW YK HE B
COCTOSHUHM TPOTHBOCTOSTh IICHTPOOCKHBIM CHIIAM U MPOMCXOIUT
Iudy3us BUXPAL.

Takum 00pa3oM, 3TOT IKCIICPUMEHT, KOTOPBIH MOKET MPOBECTH
7r000# IMKOTBHYK, TOATBEPIKAACT, UTO HA HAUAJTHHOM 3Tare ra3oBBIC
BHUXPU CXKHMAIOTCS OKpYXKaromen atmocepoil u, cieqoBaTelabHO,
HAKAIIMBAIOT JHCPTUIO: JaBiACHHC aTtMoc(hepsl mpeobpasyercs B
KAHCTUYICCKYIO SHEPTUt0 BUXPs. [IpearnonoxkeHne moaTBep Auioch.

Kax u3BecTHO, HA 36MHOM Imape BPEMsl OT BPEMCHH TOSBJISIOTCS
cMepun ¥ TalyHbBI, TPEACTABIAIOMNC COOOM BO3AYIINHBIC BHUXPH,
paspyliarique BCC HA CBOGM IIyTH — Jjieca, ropoja W Ceja, Ocyias
0osotTa M mogHUMAs B HEOO KOPOB M JArymicK. YacTto BO3HUKAKOT
[UKJIOHBI — 30HBI TIOHMDKCHHOTO JABJICHUS, TOXC TMPEACTABISIONINC
coboit Bo3aymmHbie BUXpH. [IUKIOHB! TIEPEMEINAOTCS 110 TIOBEPXHOCTH
3emiin, HECs ¢ COOOM yparansl, 1oxkau u metenu. OOpamaer Ha ceOst
BHUMaHHC TOT (DaKT, YTO U IHUKJIOHBI, M OCOOCHHO, CMCpPYH U
TaripyHsl 001a1ar0T OOJIBIION CHUITON U, CJICIOBATEILHO, HECYT B ceOC
MHOTO 3Heprun. Bo3HHUKaeT BOMPOC, OTKYAa OHU ¢¢ B3STH?

VCTaHOBIICHO  HECKOIBKO  OOCTOSATENIBCTB,  CBS3AHHBIX  C
MPUPOIHBIMUA BO3AYITHEIMU BUXPAMHU. BCe OHU MMCIOT YIIJIOTHCHHBIC
CTCHKH U TTOHIDKCHHOC JaBJICHHUC B IICHTPE, B uKIoHAX — HA 10-20%.
CKOpOCTh TEPEMEIIEHHS BO3AYINHBIX MAcC B BUXPSAX COCTABISCT
3aMETHYIO JOI0 OT CKOPOCTH 3BYKa — JO IMOJOBHHBI €0 3HAYCHUS,
1.e. opsiaka 150 u qaxxe 200 MeTpOB B CEKYHAY, IIPABJAA, 3TO TOJIBKO
B cMepuax u Tadipynax. Ho m B mMKIOHAX CKOPOCTH BETpa MOTYT
cocraBmath 20 — 30 m/c, a 310 yke yparaH. Camu k€ IUKJIOHBI
TICPEMCIIAIOTCS TI0 TIOBEPXHOCTH 3EMITH CO CKOpocThio 50-60, mHOT 1A
o 100 xm/gac. DTO 3HAYHT, YTO CKOPOCTh HX MEPEMCLICHUS
coM3MepuMa CO CKOPOCTBIO ABIKCHHUS BO3AyXa B caMOM LUKIOHE. U
MOTOKH BO3AyXa BO BCEX 3TUX 0Opa3oBaHUAX — cMepuax, TaiipyHax u
[UKJIOHAX JBIKYTCS TIO BAHTOBOHM TPACKTOPHH.

HccnenoBanus BO3AYINHBIX BUXPEH TIOKA3aJIH, UTO BCE OHU UMCIOT
TpyO4aTyr0 CTPYKTYPY, B KOTOPOW CTCHKM BHXPS YIIOTHCHBI,
LCHTpPaAbHAST YaCTh Pa3pPeKCHA, a BpalMAOIIUEcs C OOIbIION
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CKOPOCTBIO CTCHKM OTJCIACHBI OT OKPYYKAIOIICH CPEIbl MOTPAHUUIHBIM
cioem (puc. 7).
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Puc. 7. Hunuagpuyecknii ra3oBblil BUXPh: IOIIEpEYHOE CeYeHHE BUXPS (a);
paciipeliefieHrie  IUIOTHOCTM Ta3a (0); DSIIopa KacaTelbHBIX CKopocTed  (6);
3aBUCHMOCTD YTJIOBOI CKOPOCTH BpAIlleHHs I'a3a B BUXpe OT pajuyca (2)

B 3TOM Ccrioe mpomcXoAnT mepexo] OT OTHOCHTENPHO HEOOMBIION
IDIOTHOCTH BO3AyXa B OKPY)XKAIOIIEM BHUXPh IPOCTPAHCTBE K
3HAYUTEIPHO OOllee BBICOKOH IJIOTHOCTU BO3AyXa B Tene BUXps. B
NOTrpaHUYIHOM CJIOC MPOUCXOAUT TAKXKE IICPCXOA TCMIICpATyphbl OT
OTHOCHUTEILHO BBICOKOH B cpeae K Ooliee HU3KOH B TENe BUXPSI.
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B coorBercTBHMM ¢ Ta30BOM MEXaHHMKOH TIpPagWeHT CKOPOCTH
MOTOKOB rasa, T.C. OTHOLICHHE PA3HOCTH CKOPOCTEH IOTOKOB K
PacCTOAHUTIO MCXKOY IIOTOKaMH NpUBOAUT TAaKXKC K
MepepacipeecHUIO JABICHUS ra3a BHYTPH MOTPAHUYHOTO CIOSI.

ITo Mepe 3akpyTKH LIEHTPATBHOTO MOTOKA BO3AYyXa LCHTPOOSKHAS
CHJIa CTaHET BBITOHATH MOJICKYJIBI BO3AyXa U3 LIEHTpa Ha nepudeputo,
" JABJICHUC B LHCHTPC BUXPA HAYHCT CHUXKATBHCS. Ilo MCPC CHUXKCHUS
JAaBJICHUS BHCIONHCC MOaBJICHUC HAYHCT IIOLKUMAThb BUXPb, U CTO
ANaMCTP HaYHCT YMCHBINATBHCS. Torz[a B COOTBCTCTBHH C 3aKOHOM
NOCTOSIHCTBA MOMCHTA KOJHUYCCTBA IABMIXKCHUSA CKOPOCTH BpAIICHUA
HAQYHCT YBCIUYIUBATBHCA, U JABJICHUC B LICHTPC 6yI[CT CHIDKATBCI CIIC
oompie. IlponsoiimeTr naBHHHOE COKpallEHHE AMAMETPa BHXPS U
COOTBETCTBYIOIIEE YBEIHYCHUC JIMHEWHOW CKOPOCTH MEPEMEIICHHUS
BO3AYIOHBIX MAacc MO €ro nepudepuu, oOpaTHO MPOMOPLHOHAIBHOE
OTHOLICHUIO AMAMETPOB BUXPS B HAUaje U B KOHLE npouecca. U ecmu
MIEPBOHAYAIBHEIA JHMAMETP BHXpPS COCTaBISLI 1 KM, a B KOHIE
mporiecca Beero 10 M, To ectp gmamerp cokparmics B 100 pas, To
CKOpOCTH IOTOKA raza BozpacteT B 100 pa3, a sneprus B 10 TeIcsd pas.
Ecnmu HawanmpHas ckopocTs OOKOBOro BeTpa cocTasisia Bcero 1 m/c,
TO CKOPOCTbh ABHMIXKCHHUA CTCHKU BUXPS B KOHIIC ITPOLICCCAa COCTABUT
100 m/c, a 3TO YK€ CKOPOCTh yparaHa.

ITonywaercs, uro ¢dopmupoBanne BHUXpS arMochepoi 3emin
IPpOUCXOAUT CaMOIIPOU3BOJIBHO, U ITPU 3TOM MOTCHUUAJIbHAA SHCPIrud
JAaBICHHUS BO3AYXa, OKPYXKAIOIIEro BHXpPb, IMpeoOpasyercss B
KHHCTUYCCKYIO ~DHEPTUI0 BPAINCHUS BHXps. OJTOT  MpOILECC,
HECOMHEHHO, CYLIECTBYIOLUIMIA B MPHUPOJC, MOTHOCTHIO MPOTHBOPEUUT
npcaACTaBJICHUIM Hauan TCPMOAUHAMHUKU, CCJIX Cro pacCMaTpuBaTh B
JOKaNbHOW OOIACTH.

OxHaKo TO HE BCE.

VY neprkaHue YINIOTHEHHOTO rasa B JIOKATH30BAHHOM MPOCTPAHCTBE
BO3MOXKHO TOIIBKO B CIy4ae CHIDKCHHSI €ro Ttemmeparypel. Dakt
MOHW)KCHUSL TEMIIEPaTYpbl B BO3AYLIHBIX BHXPSIX M BOOOIIC B
TPAAMCHTHBIX TCUCHISIX BO3AYyXa INHPOKO MOATBEPXKAACTCA. JTO H
o0leacHEHNEe caMoleTa BO BpeMs TMoileTa, W OOIeIcHEHUE
BO3AyX03a00pHUKOB, u (opMUpOBaHHE rpaga B CMepyax ¢
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BBIOpACBIBAHMEM €ro TOPH30HTAIBHO ITHUPOKMM BeepoMm. Ho Torma
BO3HHKACT BONPOC O TOM, KyAa JACBAcTCSI DHEPrUsl TEILIOBOTO
JBWDKCHHSI rasa, KOTOpheId oOpasyer cMmepu. M oTBeT TakoB: OHA W3
TEMIOBOH MpeoOpa3yercss B MOCTYNATEIbHYI0 SHEPTHIO MOTOKOB rasa
cTeHOK cMepua. CKOpoCTh KaKIOH MOIEKYIIBI raza COXPAHSIECT CBOKO
BEJIMYMHY, HO MEPEPACIPEICIICTCS [0 HAMPABICHUSM, YBEINIHBASICH
B HampaBJCHUH JBIDKCHHS Tra3a B CTCHKEC (TaHTCHLHANBHOE
HaIpaBJICHHE) u COOTBETCTBEHHO yMEHbIIas OOKOBYIO
cocTaBIsIOLIYIO (HOpManbHOe HampasieHue). Iloatomy ckopocTs
JBYDKCHHS CTCHOK OyAeT OOmbIle, YeM 3TO CICAYET U3 COOTHOLICHUS
paznycoB. A B NPUBEICHHOM NPHMEPE CKOPOCTh COCTABHUT YXKE HE
100, a 150 mau 200 m/c.

Takum 00pa3oM, B LEIOM BO3AVIIHBIC BUXPH, KaK U JHOOBIC
ra3oBbIC BUXPH, SIBILIIOTCS NPHPOZHOW MAaIIMHOW MO TepepaboTke
MOTCHLUMATIBHOW SHEPTHU JaBICHUS BHCINHETO IO OTHOLICHHIO K
BHXPIO raza, 00yCIOBICHHOI'O TEILUIOBBIM JBIDKCHHEM €rO MOJEKYI, B
KHHCTHYICCKYIO SHEPTHIO BpalleHus BUXps. M eciu moTeHOuaTbHOU
SHEPTrHei rasa BOCIONB30BATBCS MPAKTHUYCCKH HEIb3s HIH, IO
KpailHEM Mepe, BeCchbMa 3aTPYAHUTEIBHO U3-32 OTCYTCTBHSL Ipa
JUCHTOB JABICHHS, TO KHHETHYECKONH MOXKHO, HAIIPUMED, IIOMECTHB B
Buxpb TypOuny. IlpaBma, mnpum >Tom BoO3HHKacT mpoOrema
YCTOUYUBOCTH BUXPSL.

W3 HM3m0KEHHOrO BBIIIE CIEAYET, YTO ra30BbI BUXPh CHOCOOCH
MpeoOpa3oBbIBATH TCIIIOBYIO SHEPTHIO, MPECTABICHHYIO
XaOTHYECKUM JBIDKCHHEM MOJEKYJI CaMOrO BHUXPS M MOJIECKYI
OKpPYKAaIOIEr0 €ro rasza, B YHOPSOOYCHHOE JBWKCHHE, YTO
MPOTHBOPEUUT BCEM M3BECTHBIM YCTAaHOBKaM TepMoauHamuku. Ho He
COBCEM, TOCKOIBKY €CIIH PACCMOTPETh BCE COCTABISIOLINE MPOLEcca,
HaXOMIIIUECS HE B TEIE BHUXPSI, a BO BCEM OKPYKAIOIIEM
MPOCTPAHCTBE, B TOM YHCIC M B JOPYrUX 0ONACTAX, B KOTOPBIX
JBWDKCHHE Ta3a MPOUCXOIUT COBCEM HE3aMETHO, TO OKAXKETCS, UTO B
CpPCIHEM HHKAKHE TEPMOAMHAMUYCCKHE 3aKOHBI HE HAPYIICHBI.
Buxpr He OeckOHEUCH, WM MOTOKHM raza B APYIOM YacTH BHXPsSl HE
CXKHUMAIOTCSI, @ HAOOOPOT, PACHIMPSIOTCSA. 34SCh IMPOLIECCHI HUAYT B
oOparHoMm HampasiacHun. Eciu ke K TOMY K€ pPaCCMOTPETh MPOLIECC
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BO BPEMECHH B CPEIHEM, TO TeM OOIEe OKa)KETCs, YTO HHKAKOTO
HapyIIEHUs 3aKOHOB TEPMOJWHAMHUKA HET, IIOCKOJIBKY 3JHEPTHIO
HENMb3s HHU CO3JaTh, HH YHHYTOXKWTh. JlBmkenue Beuno. OgHaxo
Mocne  MOAOOHBIX, HYHUCTO  MEXaHMYECKUX  MpeoOpa3oBaHMH,
MIPOCMAaTPHUBAETCS BO3MOXKHOCTH HCIIONIB30BATh TEILUIOBYIO JHEPTHIO
rasa, mpeoOpas3oBas €€ B MOCTYNATEIbHYIO SHEPTUIO CTCHOK BUXPSL.

3.3. I[enmpobescnvie nacocsl. OmKyoa depym IHep2uro 800Hble
suxpu

HakonneHue sHepruy BOASHBIMU BUXPSIMUA UMEET HHOW MEXaHHU3M,
YeM HAKOIICHUE SHEPrHM Ta30BbIMH BUXpsAMH. [a30Bbic BUXpH
MPHOOPETAOT SHEPTHI0 33 CYET CXAaTHI HX Tela JaBICHUCM
OKpYKAaIOIIEro WX Trasza, 5TO Moka3aHo Bbime. JKuIkocTs ke
MPAKTUICCKU HE COKMMAEMa, HO SKCIICPUMEHTHI MTOKA3BIBAIOT, YTO OHU
TaKXKE MOT'YT HAKAILTHBATh SHEPTHIO, PABAa, MCHBIIYIO, YEM Ta30BbIC
BHUXpHU. HakomneHue sHeprun >KUAKOCTHBIMU BHXPSIMU BBIPAXKACTCS B
BHJC HAKOIUICHHS TEIIA — MOBBILICHUS TEMIICPATYPhl KHUIKOCTH. 3a
CHYET YEro 3TO MOXET IMPOUCXOAUTD?

C Toukm 3peHus >(PUPOIMHAMUKH BOAA CHOCOOHA HAKAILJIMBATH
3¢up, YTO BBIPAKACTCS B BHIAC €€ BBICOKOW TUIICKTPHUCCKOU
MPOHULAEMOCTH: OTHOCHTENbHAS AWANCKTPUUCCKAsT MPOHULIAEMOCTb
Boael € = 81. Kak »T0 mpomcxomut B BOAC — OTACTBHBIA BOMOPOC.
HakonmnenHeli Bomoil »¢up OTHOCHTENBPHO c7a00 CBsI3aH C e
MOJICKYJIAMH, U TPU BPAIICHUH BOIBI BRIOpachIBacTCs U3 Hee (puc. ).

ITonmxenue nasneHus 3(pupa BHYTPU BOISHOTO BUXPSI IPUBOJNT K
BcackiBaHuiO d(upa mo ocu Buxps. Takum obOpaszom, oOpasyercs
3(UpHBIA AymieT - BHIOpoc 3¢upa no nepudeprun BUXPS U BCOC MO
€ro OCH, W 3TO MPHUBOOUT K 3aMBIKAHHIO MOTOKOB 3(Upa: BOKPYT
BOJSHOTO BHUXPsI 00pa3yrOTCs ABa TOPOHJANBHBIX BUXPSI.

Kax Tonpko ctpym 3¢upa 3aMKHYTCS, BHCIDHEE AABICHUE 3(upa
coxmMeT obpazoBaBmHecs 3PUPHBIA BUXPH M 3arOHHUT UX OOpaTHO B
BOIY, MIEPEAaB €l CBOKO SHEPTHIO. ITO M €CTh Ta JOOABOYHAS, 33 CHET
KOTOpOH TMOBBIIIAETCs Temmeparypa Boxael. Ilo Bcelt BeposTHoOCTH,
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TaKOW MPOLIECC MOBTOPSICTCS MIEPUOTUICCKH, YTO, B IPUHLIHIIC, MOYKET
ObITh OOHAPY)KCHO C TMOMOIIBIKD pPAaMOK WM CHCHHATBHBIMU
MpuOOpaMu, OCHOBAHHBIMHU Ha 3((EKTe OTKIOHEHHS JIA3EPHOTO JIy4a
OT €ro OOBIYHOrO MOJOXKCHUS, YTO MOXKET ObITh 3a(QUKCHPOBAHO
(hOTORICKTPUUCCKUMHU IECTCKTOPAMH.

Uctopus cozmanus ternoreneparopa H0.C.IlotanossiM THINYHA B
TOM OTHOLICHWH, YTO BCE, KPOME HEro, 3HAJH, YTO 3TOrO CAECTAThH
Henmb3s, a [loramos 3Toro He 3Ham, MO3TOMY UMEHHO OH M CO3aT 3TOT
TeHEepaTop.

B 1931 roay ¢panmysckum yuensimM JKozehpom Pankom Obin
OTKPBIT BHXpPEBOW 3(QEKT IHEPreTUUECKOro Pas3NelicHUs TIa3o0B,
HasBaHHbIN BriocieacTsuu 3¢dexrom Panka. Ilocne gokmaga Panka
®dpaniry3ckomy usuueckomy obmiecTBy 00 3ddekre 0 Hem 3a0bLTH,
u Toapko ¢ 1946 roma BuxpeBodl 3¢¢ekT cTanm  00BEKTOM
WCCIICIOBAHUM YYCHBIX Ppa3HBIX CTpaH. bompmmoe KOJIHYECTBO
SKCIEPUMEHTAIBHEIX Pa0OT MO €ro HCCICAOBAHMIO, MPOBCACHHBIX B
CCCP u B mpyrux cTpaHax MHpa, MMO3BOJHIO PACKPHITH OCHOBHBIC
0cobeHHOCTU BUXPEBOro 3(h(pekra U mOJONTH K €r0 TCOPCTHUCCKOMY
obocHoBauuro [14].

BHemne npoctoit BuxpeBoi 3pdekt Ha caMoM Jene 3aKII0YacT B
ceOc CIOXKHBIA Tra30JMHAMHYCCKHHA TPOLECC, NPOUCXOASLINHA B
MPOCTPAHCTBCHHOM  TYPOYICHTHOM IIOTOKE BSI3KOTO CHKUMAEMOTO
raza. JTUM, BEPOSITHO, W OOBSICHSACTCS HEyJada MHOTUX ITOMBITOK
HaliTH aHanuTh4deckoe perieHue 3agadd. OxHako Ha OCHOBE
MPOBEICHHBIX UCCICIOBAHNI OBLTH pa3paboTaHbl MOMYIMITUPUICCKUE
METOAMKHU pacieTa Kak caMoro BUXpeBoro 3¢ dekra, Tak 1 HEKOTOPBIX
BHJOB BHXpPEBBIX ammaparoB. Ha 3Toif ocHOBE Hawancs NeEpUOJ
OCBOCHUS M BHEIPCHUS €ro B MPOU3BOACTBO, TJIaBHBIM 00pa3oM, mpu
CO3JAHHM BHXPEBBIX  XOJOAWUJIbHO-HATPEBATCIBHBIX  YCTAHOBOK,
BHUXPEBBIX XOJIOAMIBHBIX KAMED, BUXPEBBIX TEPMOCTATOB H BUXPEBBIX
BaKyyM-HAaCOCOB.

Buxpesoii sdpdexr wmm  sddekr Panka mpossrsercs B
3aKPYYCHHOM IIOTOKE BSI3KOTO CXKMMAEMOro rasza M peanu3yercs B
OYCHb TMPOCTOM YCTPOHCTBE, HA3BIBACMOM BHXDPEBOW TpPYyOOI.
CXEMaTUYHAsE KOHCTPYKIIUS KOTOPO# n300pakeHa Ha puc. 6.8.
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Buxpesast TpyOa mpeactasisieT coO0OH IIagKyro LITHHAPHYECKYIO
TpyOy 1, cHaOKEHHYIO TAaHICHLUHWAIBHBIM COIUIOM 2, VIUTKOH 3,
guadparMoii 4 ¢ 0CEBBIM OTBEPCTHEM U IPOCCENIEM 5.

AA A
LSS Io
[ Py
Xon | 1
Cxamoli 4 : /' T
1 < 1 5
2 A

Puc. 6.8. Cxema BuxpeBoii Tpyonl Panka

IIpn BTekaHum raza uepe3 comao oOpa3yeTcs HHTCHCHUBHBIH
KPYTOBOU MOTOK, IPHUOCEBBIE CIION KOTOPOTO 3aMETHO OXJIAXKIAIOTCS U
OTBOIATCS Yepe3 OTBEPCTHE AuadparMel B BHAEC XOIOJHOTO MOTOKA, a
nepu(epHIHbIC CIION MOAOTPEBAOTCS M BBHITCKAIOT YEPE3 APOCCENb B
Buae ropsaero motoka. llo mepe mnpukpeiTHs Agpoccens oOmuit
VPOBCHb [JaBICHHS B BHXPEBOH TpyOe MOBBIMIACTCA, U PACXOX
XOJOAHOT'O TIOTOKA Yepe3 OTBEPCTHE AuadparMbl YBETHUIUBACTCS MPH
COOTBETCTBYIOIIEM YMCHBIICHHH pPacxoja ropsdero mnortoka. llpum
STOM TEMIICPATYPhl XOMOJHOTO M TOPSYEro IIOTOKOB —TAKKE
MEHSAIOTCA. B pasauyHBIX  KOHCTPYKIMSIX TPYyO  HPUMEHEHBI
VCOBCPIICHCTBOBAHUS, TO3BO/LIIOIINE YIYYLIHTh XaPaKTCPUCTHKH
TpYOBI MPUMEHUTEIPHO K KOHKPETHBIM LIEIISIM.

Craeayer cneumaabHO OTMETHTH, YTO B BUXpeBOil TpyOe Panka
o0mmuii 6agaHCc SHEPTUU COXPAHSICTCS.

[ToranoB momeiTa’acs KCHONB30BaTh B BUXPEBOH TpyOe Panka
BMECTO BO3AyXa BOAY, T.C. HEC)KHMMACMYIO JKHUAKOCTh U TIONYYHI
HEO)KHIAHHBIA 3 (EKT: MO OCCBOHM JIMHUM BBHITEKAIA HE XOIOTHAS, a
Temnas BoAa, mo mepudepun ke BbITeKana ropsas soxa. llocme
KaJOPUMETPUYCCKIX HM3MEPEHUH OBLIO MPU3HAHO, YTO TEMJIOBOH
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SHEPTUU BBIACISICTCS OOJIBIIE, YEM MOCTYMACT, MpUMEpHo, B 1,3 — 1,5
pa3a.

ITockonpky BceM SICHO, YTO HHU CO3JAaHUE, HU YHHUYTOKCHHE
SHEPTMM HEBO3MOXKHO B MPHHLMIE, a BO3MOXKCH JIHIIb ICPEBOJ
SHEPTUU U3 OZHOT'O MECTa B APYroe, TO TAC-TO AOJDKEH HAXOIUTHCS
CKpPBITBIIl HCTOYHUK OOHAPY>KEHHOH JOMOJHHUTCIBPHOW 3Hepruu. B
Ka4ecTBE OOBSICHEHUS HEKOTOPBIMH YYCHBIMH OBLTO BBICKA3aHO
MPCANIONIOKEHHE O TOM, YTO B COOTBETCTBHH C HECKOIBKO
BUIOM3MCHCHHOI Teopueli OTHOCHTCIBPHOCTH B TCIUIOTCHEPATOPC
[Toranosa nmpoucxoaut npeoOpa30BaHUE MACCHl B SHEPTHIO, 4, KPOME
TOr0, B HEM OCYIICCTBISCTCS TAKKE XOIOTHBIH SIACPHBIA CHHTE3.
OnmHako mMOXOOHBIE TPEANONOXKEHUSI TNPEACTABISIOTCS BEChMa
HCKYCCTBCHHBIMHU.

Mexanu3m, 00eCIECUNBAIOIININ MOBBIIICHUE TEMIIEPaTypa BOAH B
ymutke TpyObl PaHka ommcaH Beimme. OTO MOMKET NPOUCXOAMTH
nepuogmyeckn. OmHAKO BO3MOXKEH © JAPYrOd BapHaHT, KOrza
BBHIIICAIINNA Hapy»Ky 3(Hp 3aTEM BCACBIBACTCSA MO TOpUAaM TPYOHI,
TOrJa STOT MPOLIECC MPOHCXOAWT HENpepeiBHO. Bo Bcex cmywasx
MPOUCXOAUT JOMOTHHUTEIBPHOE CKATUEC BHELIHMM JaBJICHHEM 3(upa
oOpasoBaBiierocsi 3(UPHOrO BUXPS ©M TEM CaMbiM  BBOJ
JOTOTHUTCIIPHON SHEPTruHM, KOTopas 3ateM mepemaetcs sozae. s
MOBBIIICHUS TEIUTOOTAAYH LENeCO0OPa3HO YIYUIIUTh MPOBOAUMOCTb
BOOBl WM BBECTH B HEE Kakue-THOO B3BECH, a sl OOIErveHus
BHXpeoOpazoBaHus 3(Hpa KOPIyC U APYrUe ACTATA BUXPEBOU TPYOBI
LenecooOpas3Ho JAelaTh HE U3 METalia, a U3 JII0OO0ro M30IILHOHHOTO
MaTepuaia.

Heuro mnomobHoe o0OHapykeHO B YCTpOMHCTBaX, B KOTOPBIX
HCTONB3YIOTCS WIH CAMOMPOU3BOJIBHO OOPa3ylOTCsl KaBUTALIMOHHBIC
my3pipu. B mpuHnume, Ha oOpa3oBaHHE MY3BIPEH  TOMKHO
MOTPATUTBCS CTOIBKO K€ SHEPTUH, CKOJIBKO MOTOM BBIJCIUTCS MPH UX
cxaonsiBanun. Ho 3aeck Takke OOHApYKEHO JOMONHUTEIBHOE
TCIIOBBIACICHUE, H MOXKHO MPEANOIOKUTh, YTO U 34€Ch MPOUCXOIUT
HCKMU  aHAJOTMYHBIA Mpolecc 3axeara od¢dupa, 3areM €ro
BHUXpeoOpa3oBaHue, cxxaThe 3PUPHBIX BUXPEH OKpY:KArOIUM d(QUpoM
C BBOAOM TEM CaMbiM B BHXPH JOINOJHHUTCIBHOW 3SHCPIHH,
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MOTJIOLICHUE 3aTeM S(UpPHBIX BUXpEd TOW e BOAOH W meperada
HaKOIUICHHOH 3HEPrUU BOJAE, YEM M BBI3BAH €€ JOIOIHUTEIBHBIN
ITOJIOTPEB.

B macrosmee Bpems m B Poccum M BO BCEM MHpE CO3MAHO
HECKOJIBKO BHJOB BHXPEBBIX TEILNIOTCHEPATOPOB HAa pasiIMvIHBIC
motnHocTu. OMH U3 BAPUAHTOB MPEACTABIICH Ha PuC. 9.

M

uf)
ST,

Puc. 9. Cxema BHXPEBOro BOASIHOTO Temioreneparopa: M — motop, L]
— OWIMHAP, B KOTOPOM MPOHMCXOOUT BpalieHue Boabl, [J| — 1ucku.
CrpenkamMu MOKA3aHO OCTYIUICHHE M OTBOJ BOJBI U3 IMJIHH/IPA.

=

IlpuBencHHBI HA CXEME TEILIOTCHEPATOP MPEACTABISICT COOOM
OOBIYHBIF ACHHXPOHHBIH JBUraTeib, COMPSDKCHHBIA C POTOPOM,
Pa3MCELICHHEIM B TOJCTOCTCHHOM LIMJIHHIPE, B KOTOPBIA IMOCTYIACT
Boma. Portop mnpexacraBmser coOoi 0Chb, Ha KOTOPYHO HACAKCHBI
IJIOCKHE JUCKH. BparneHue JUCKOB JBUTATENEM MO3BOJISICT MOMYYUTh
JOTOTHUTEIBHYIO TEIUIOBYI0 SHEPTHI0, OONBINYIO, YeM 3aTPavucHO
gsurareneM. PasBuBaromeecss JaBICHHE COCTaBSIET HECKOIBKO
necatkoB  atMocdep. IlpomsBencHHBIE W3MEpEHHs MOATBEPAWIH
HaMM4HME W30BITOYHOW JHEPTUM mpH oOwmeM Kig mopsaka 1,6 (B
HEKOTOPBIX oOpasuax 1o 1,8).

TennoreHepaTop yCTaHABIMBACTCS B OTACIPHOM IMOMEINCHHH BO
n30eKaHue Kak [MyMOBHIX 3(@dekToB, Tak U  BO3MOXKHOTO
3(pUPOIUHAMHIIECKOTO U3TYUICHHSL.

[IpuzHaBasi MONE3HBIM CO3JaHUE TMOAOOHBIX TEILUIOTCHEPATOPOB,
MOYKHO, OJHAKO, BBICKAa3aTh COMHEHHE IO MOBOAY TOTO, YTO JAXE
IIMPOKOE NPUMEHCHHE MOJOOHBIX YCTPOWCTB MO3BOIUT PEIIUTh
sHeprerryeckyro mpodmemy. Ilpu koaddunuenre Termmooraauu B 1,3-
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1,5 obast 5KOHOMUSI SHEPTUH HE TaK YK U Beauka. Jaxke ecrmu Obl Bce
TCIUIOBBIC YCTAHOBKU M BCC ABUTATC/IM B MUPC IMOBBICHUIIN CBOU KIIJQ
Ha 30-40%, sHeprerutdeckas mpoodiiema pelicHa He Obiia Obl.

3.4. Omkyoa bepym 3uepzuto wiaposvie MOIHUU?

OnmHako HH cMepuM, HU Tal(yHB, HH LUKIOHBL HE MOTYT
CPaBHHUTBCS MO CBOEMY YICIBHOMY JHEPTrOCONCPKAHUIO C INAPOBOIL
momaueh [15]. YaenpHOE conaepkaHHE DHECPTUH — STO KOJTHYCCTBO
SHEPruu, coaeprkamieecs: B eauHuLe Maccol Tena. Hampumep, GeH3nH
B pe3ynbpTaTe MOMHOro cropanus gaet 44 MJLx/kr, mpupoAHBIHA ra3 —
35, 6 MJx/kr, a xameHHBIN yronb (anTpaumr) — 22 MJDx/ kr. B aTom
miage | kr BO3ayxa, JBIDKYIIMICS B COCTaBE CMEpPYA CO CKOPOCTBIO
100 m/c comepxur Bcero mumb S000 [Dkoyneit, 4To HecOM3MEPUMO
Mano MO CpaBHEHHUIO ¢ Tr0ObM BuaoM TormmmBa. OmHako cpeaHuit
cMepu comepkHuT B cede Maccy, HCUHCISIEMYIO ThICSYaMH TOHH,
OTCIOZAA U €ro 00Iast MOLIb.

Uro kacacrcs IIAPOBOH MONHHHM, TO JaKe ©3 OOBIYHBIX
HAOFOICHUI MOKHO CHACTaTh HEMAIOBaKHBIC BHIBOABI. llockombky
MOJHHS CBOOOJHO ITIABACT C MOTOKAMHU BO3IyXad, 3TO O3HAYACT, YTO
ec yAENbHAs Macca 3HAYUTEIBHO MCHBIIC YACITbHOW MacChl BO3AYXa,
cocraBmsitoreit 1 kr/mM°, 1o ectp mopsaka He Oosee 0,1 /v
Huamerp psaoBoOit mapoBOil MOTHHY COCTABIIAET nopsiaka 4-6 cM, 3To
3HAYUT, 4TO 00bEeM ¢¢ cocTasysier okono 100 ky0. cM, a Macca OKOJI0
0,01 rpamMma WaM MEHBILIC. JHEPrOCOACPKAHUE KE TAKOE, YTO OHA
crocoOHa ucnaputh Oomee 70 kr Boxbl, (OBLT TAKOW Ciayduai, Korga
IapoBasi MOJHHS TTomnana B 004Ky 1 ucrnapuia okono 70 Kr BoIsl), Ha
yto Tpebyercs He menee 38.000 kkan wmam, yro TO ke camoe, 200
muttrnoHoB Jhxoymneit. [Ipu macce B OIHY COTYIO rpaMMa MOTy4acTes,
YTO YJIETbHOE DHEProcoACpKAHKE INAPOBOH MONHUU COCTABISET HE
MeHee, uem 1,6.10" JLx/kr.

Bor Tak T0, a Bel ropopute! Kakoii Tam 6eH3uH!

WNHTepecHO CcpaBHUTH 3TO VAETBHOC SHEPrOCOACPKAHUE C
SHEprueH, BBIACTIEMOW NpH B3phIBE, Hampumep, Tporwia. OxuH
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KIJIOTPaMM TPOTIUIA BBIACISICT Tpu B3peIBE 4,2 MJDK, 9TO B mECATH
pa3 MEHbIIE TEIIOTBOPHOU CIOCOOHOCTH OCH3MHA, HO 3aTo cpasy. U
TOJBKO YpaH | IUTYTOHUU HPU CBOEM ACJICHUU JAIOT SHEPruu OOIbIIeE:
1 kr ypaHa uau IUTYTOHHUS CIIOCOOCH mpu pacraie Beiaenuts 22500
kBru mwm  8.10" Ik 3HEPrUM, T.€. UX YAEIbHOE IHEProcoAep-
skanue Beero B 40 pa3 Gombiune, vyem y mapoBoit momaun. Ho 310 BCe
K€ aToMHas SHeprus!

Ceiluac MHOrHME HCCIEIOBATCIN IBITAIOTCS BOCHPOHM3BECTH
mapoByro MorHHI0. OHU 3TO AENalT YaCTUYHO U3 JIOOOMBITCTBA, HO
YACTUYHO U U3 COOOPAXKCHMIA, YTO C IOMOINBIO INAPOBOM MOIHUU
MOXHO JOOBITh SHepruro. W mas storo mMu  pa3paboTaHbl
BCEBO3MOKHBIE MOJIEIIH.

BonpmmHCTBO 3THX HCCIeI0BATENEH IPEAIOIAraeT, 9YT0 OCHOBHAS
SHEpPrys LIAPOBOH MOIHUHM COACPKUTCS B CBETALIEMCS 00BbeMe
BO3[yXa, B KOTOPOM OOpa3yroTCss OCOOBIC COCIUHCHHUS a30Ta u
KHCIOpPOJa, TaK HA3BIBACMbIE KIACTEPHI, KOTOPBIC U HECYT B ceOe 3Ty
sHepruto. EcTe mnpeamonokeHus, dYro ImapoBas MONHHA — O3TO
3aMKHYTBIA caM Ha ce0sl 3JIEKTPHUCCKUHA TOK, KOTOPBIH yICPKUBACTCS
B 00bEME MOHU3HUPOBAHHOrO BO3AyXa. ECTh MaeH, CBS3aHHBIC C TEM,
YTO LApOBasi MOTHUS MPEACTABISICT COOON 3aMKHYTOE caMo Ha ceOs
MarauTHoe mone. Ho pacuersl He MOATBEPIKIAIOT STHUX MOJENIEH, a
TONBITKH PCaN3allii IDAPOBBIX MOJHHUN, OCHOBAHHBIC HA JTHX
MOJIENSIX, HEe MOoiaydaroTcs. MOXHO BBICKAa3aTh MPERIOIOKEHUE, UTO
Ha VKa3aHHBIX MYTAX Y HCCICIOBATCIACH HHYCTO U HC IMOTYUUTCA,
ITOTOMY YTO €CJIM Yachl IIOTEPSUT Ha BOK3aJIE, TO M MCKaTh MX HAJO Ha
BOK3aJie, a He moJ poHapeM, Te CBETICE.

[Moatomy, npekae ueM mpoBOAUTh PabOTHI MO CO3JAHUIO Yero Obl
TO HH OBLTO, HY)KHO CHauyaja COCTABUTh TCXHHYECKOE 3aJaHHC Ha
MPEIMET, T.€. ONPEJEITUTh BCIO COBOKYITHOCTh CBOMCTB, KOTOpPBIE
JO/DKHBI OBITh Y HPEAMETA, 3aTEM HY)KHO MOHATH €r0 (PU3UUCCKYIO
CYIHOCTB, 4 3aTEM TOJIBKO IBITATHCSA YTO-TO CAEIATH.

Kaxwe »e cBoiicTBa M3BECTHBI Y MIAPOBOH MOMHUHU? DTH CBOICTBA
TaKOBHI:

— pa3Mep yCTOMYMBOM MIAPOBOIl MOJTHUU COCTABJISIET OT €IUHULL JO
JICCSITKOB CAHTUMCTPOB;
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— ¢opma mapooOpa3Has WM TPYLUICBHIHAS, HO HHOTAA
pacruibiBYaTas, mo GopMe MPUICTaroIIero MpeaMeTa;

— ApKas CBETUMOCTb, BUAUMAas B JHCBHOC BPCMSI;

— BBICOKOC HEPTOCOACPKAHUC;

— yAeNbHas Macca, COBMAAAONIAs C MACCOM BO3AYXa;

- CHOCO6HOCTB OpUIMMNaTh K MCTAJNTMICCKUM MPCAMCTaM;

- CHOCO6HOCTL NPOHUKATh CKBO3b AUIJICKTPUKU, B YaCTHOCTH,
CKBO3b CTCKIIA;

— CImocoOHOCTh AchOpMUPOBATECS U MPOHUKATH B MOMCIICHHS
CKBO3b MaJIbIC OTBCPCTUA THUIIA 3aMOYHBIX CKBAXXWH, @ TAKXKC CKBO3b
JUDJICKTPUKH, B YACTHOCTH, CKBO3b CTCKIIA;

— CIocOOHOCTh AchOopMUPOBATECS U MPOHUKATH B MOMCIICHHS
CKBO3b MaJIBIC OTBCPCTUA THUIIA 3aMOYHBIX CKBAXXWH, @ TAKXKC CKBO3b
CTCHBI, I1O JIMHUAM IIPOBOAOB U T. II.;

—  CHOCOOHOCTH  B3PBHIBATHCS CAMOMPOHM3BOJIBHO JHOO IpH
COIMPHUKOCHOBEHHUH C MPEIMETOM;

- CHOCO6HOCTB NOAHUMATDH U NICPCABUTATh PA3JINIHBIC TPCAMCTHI,
a TaKXKe JPYrUe CBONMCTBA, MCHEE CYIICCTBCHHBIC.

N, xax musHuMyM, jr00as MOJACTb [MOJDKHA OTBETHUTh HA BCHO
COBOKYITHOCTh TCPCUUCICHHBIX CBOWCTB. A 3TOr0, K COXAICHHUIO, Y
aBTOPOB MOJEJEH M MCCJICAOBATENECH MApOBBIX MOJIHUHM MOKa HET, a
mO3TOMY  BCC TIIOUCKH OPOBOASATCS BCJICTIYIO. 4! MOCKOJIBKY
MHOT'OJICTHUC TIOMBITKHU PA3HBIX HCCHCI[OBaTCHCﬁ B pa3HBIX CTpaHax
IOKa 4YTO HC AaJIv MOJOXKUTCIIBHBIX PC3y/IbTaTOB, TO CTOUT IIOAYMATh,
HE HYXXHO JIU MPUHLIAIUAIBHO U3MCHHUTD MOAXOJ K 3TOU mpodieme?
Mosker OBITh, HYKHBI HCKOTOPBIC HE COBCEM TPaIUILIHOHHBIC
CO00paskeHUS TI0 MOBOIY TOrO, KAaK K¢ YCTPOCHA IIapOBast MOTHUS, U
TOTJa MOSABATCS UIACH TIO €€ CO3TAHUI0?

Kakx mnokazano B paGore [9], BCe MHUPOBOC MPOCTPAHCTBO
3amONHECHO 3(UPOM, MPEACTABIAIOMAM COOOW TOHKHIA ra3 BEChbMa
MaJjIoH IUIOTHOCTHU, HO MCKIFOUYHUTEIEHO BBICOKOT'O DHEPTOCOACPKAHUSL.

Ilo yTOYHEHHBIM OLICHKAM ILIOTHOCTh 3(Upa B OKOJIO03EMHOM
MPOCTPAHCTBC pPaBHA 8,85.10'12 KF/M3, nasaeame — 10% I1a,
sueprocogepxanne 107 Jhx/ m’. CTOMT HANOMHHTB, 4UTO BCE
YCIIOBEUCCTBO HA BCC CBOM HYKIbl MOTPEOMSCT B TCUCHHE rona
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SHEPrUU TOpsIAKa 10%°-10* JLxoyniei, T.c. 3HAYUTEIIPHO MCHEE, YEM
COJCPIKUTCSI SHEPTHHM B OJHOM KyOmueckoM MumuMmerpe 3dupa. A
aromHas 3Heprus ucmoiasdyer He Oomee  0,01%  sHEprum,
coJeprkamieicss B TOM OObEME, KOTOPBIA 3aHHMAIOT MPOMEKYTKH
MEXIy HYKIOHAMH B siapax aromax. Ho 3To tak, ast cBeaeHusI.

Bce Buapl BemecTBa HMEIOT B CBOGH OCHOBE B KA4YeCTBE
cTpouteapbHOro Marepuana d3¢up. Bcee Buabl B3aumoAcHCTBuU
0o0yClOBNEHB  ABIDKCHHEM m1OTOKOB 3¢upa. He cocraBuser
HCKITIOUCHHMS U [IAPOBAst MOITHHSL.

Enuncreennoii gopmoii aBmxeHus 3dupa crmocoOHOH yaepKaTh
VIUIOTHCHHBI 3(HpP B  3aMKHYTOM MPOCTPAHCTBE, SIBISCTCS
TOPOUAANBHBI BUXPh, N0 (opMe HamomMuHamMK Oyomuk, a
CTPYKTYpa ero mogo0Ha 3aMKHYTOH camy Ha cebst TpyOy (puc. 10).

|
|
|
|
|
|

L

Puc. 10. CTpyKTYypa ra3oBoro TopouiajibHOr0 BHXPSI
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OTHOLICHNE TOMIMHBI TAKOTO TOPOHJA K JHAMETPY COCTaBILICT,
mpuMepHo, 1:1,7, Ho ero ¢opma MoKeT ObITh U OoNce MPUONIHKEHHON
K [mapoBoil ¢opme. B 1eHTpe TOpomMAa wMMeeTcs OTBEPCTHC
guamerpoM nopsiaka 0,1 ot amamerpa Toponaa. OmHako u3-3a 00IIero
CBCUCHHS TENa MOJHUHU B BO3AYXC HH OTAMYHUS (POPMBI MONHUHU OT
LIAPOBOM, HH CYIIECTBOBAHUS LICHTPAIPHOTO OTBEPCTUS YBUACTD ITOKA
He yaasanock. Ilo Bcel moBepxHOCTH Toponaa oOpa3oBaH
MOTPAaHUYHBIA CIIOW, HE MO3BOMSIOIINN YIUIOTHEHHOMY 3(upy
paccocaTbcsi B MpPOCTpaHCTBE. JPuUp B Tene IIAPOBOH MOTHHH
JBWKETCS 1O 3aMKHYTOM BHHTOBOM JIMHUM CO CKOPOCTHIO,
COCTABIISTIOLICH JECATKH THICSY KHJIOMETPOB B CEKYHAY. JTa CKOPOCTh
ONPEIENATCS W3 BEIUYMHBI SHEPTUH, COACpIKAIUCHCS B INApOBOI
MOJHHH, U ee Macchl. Ecu monarate, kak OBLIO MOKA3aHO BHILIE, YTO
ec sHeprocoacpkanue cocrasiset 160 mmH. [xoynel, a macca paBHa
0,01 r, To ckopocTh moToka 3dupa gomkHA ObTh mOpsiaka S000 km/c.
Econ maposas momams wmmeer maccy MeHbme, yem 0,01 r, TO
CKOPOCTb OKXKETCS COOTBETCTBEHHO Oojbmne. 3HAUEHUI CKOPOCTH,
OM3KUM K CKOPOCTH CBETA, MOTOKH 3¢Hpa B TENE MIAPOBOH MOJHHUH,
MO-BUANMOMY, BCE KE HE HMCIOT.

[MlapoBas MomHuUs, cocTosmAas W3 TMOTOKOB 3(upa, MOXKET
CBOOOAHO MPOXOJMTH CKBO3b H30IITOPBI TaK JKE, KAaK MPOXOAUT
CKBO3b HM30JITOPBl MAarHUTHBIA MOTOK. HO CKBO3bp MeTamn mapoBas
MOJHHS TPOHTH HE B COCTOSHHH, STOMY NPCIITCTBYET TaK
HasbiBacMas MOBEPXHOCTh DepMu, MpeACTaBIIOImAs COOON MIIOTHBIH
CJI0M 3/ICKTPOHOB HAa TOBEPXHOCTH META/lIa. JTOT CIIOH SIBJISCTCS
MPUYHHOH TOrO, HYTO CBET OTPAXKACTCS OT METALTHYECKHUX
MOBEpXHOCTEH. Temo ke mapoBOH MOTHHH, KOCHYBIIHCH METAla,
MPUJINNACT K HEMY, MOCKONBKY MOBEPXHOCT MOJHHHU JBIDKETCS C
OONBIION CKOPOCTBIO M MEXKIY TEIOM MONHHUU H IOBEPXHOCTHIO
MeTaIa o0pa3yeTcst TPaaueHT CKopoctu 3dupa, JdasBicHuE 3dupa
30€Ch TOHIKCHO, M BHCLIHEE JMABJICHUE 3(Hpa NPIKAMACT TEIO
MOJHHMHU K IOBEPXHOCTH METAILTA.

CBeucHHE MOJHHM BBI3BAHO TEM, YTO MOJIEKYIbl BO3IyXa,
MOMABIINE B €€ TENO, BO30Y)KAAIOTCSI W HAYHMHAIOT CBETHTHCS.
JHEprus STOrO CBCUCHHS HEBENHKA M COCTaBJSCT BECbMa MANYIO
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JOMIO OT 3HEPTHH, coAcpkameics B MOMHUU. IMCHHO BTOPUYHOCTBIO
CBCUCHHS MOT'YT OBITh OOBSCHCHBI TAKKE CBOWCTBA IIAPOBOI MOJHUH,
KaK MPOHUKHOBCHUE CKBO3b CTEKI0. MOIEKY Bl BO3AyXa, TONABIINC B
TEO INAPOBOM MOIHHUH, HAYHHAIOT CBETUTHCS, HO KOTAa MOIHUS
MPOXOTUT CKBO3b CTEKJIO, MOJEKYIBl BO3IyXa HAa OJHOU CTOPOHE
PEKOMOHMHUPYIOTCS M 3aTyXaroT, a HA APYTOH CTOPOHE 3AXKHTAFOTCSL.
IIpn cuenneHny MmAapoBOW MOTHHH C JICTSIOUM CAMOJETOM ITOTOK
BO34yXa MPOAYBAECT MOIHHIO, HE B CHJIAX OTOPBATh €€ OT Kpbuta. Te
MOJIEKYJIBl BO3AYXa, KOTOPHIE IOMATH B TEJIO MOJTHUU, BO30YXKIAIOTCS
U CBETATCS, & TC, KOTOPBIC BBILLIN U3 €€ TENIA, TYT K€ TaCHYT, TaK YTO
3TOT CIIy4ail TOXKE HAXOAUT IMPOCTOE OOBICHEHUE.

TopoumanpHelii  BuUxph  3pupa  cHOCOOCH  CKHMATHCS,
JaeopMUpOBaThCS M MMPOHHUKATh CKBO3b MAJbIC OTBEPCTUS B METAILIC

(puc. 11).

Puc. 11. MexaHnsM IPOHHKHOBEHHSI IIApOBOil MOJHHI CKBO3b MaJjioe
OTBepCTHE B MeTaJLTe

Taxum 00pa3zom, 3puposuHAMUUECKAS MOJENb MAPOBOM MOIHUH,
B TPUHIIWIIC, COOTBETCTBYET BCEM €C CBOWCTBAM, HW3BCCTHBIM B
HACTOSIICE BPEMS.

Hawubosnee Onu3koli MOACTBPIO IMAPOBOH MOJHHMM W3 BCEX HBIHC
CYLICCTBYIOIMX SBJIACTCS MOJENb, MPEAMOIATaoIas, uTo IapoBas
MOJTHHSI — 3TO MOTOK MAarHUTHOTO TIOJTsA, 3AMKHYTHIN caMm Ha cebs. OTta
MOJE/ib, TIPaBaa, HE OOBJACHACT, KAaK TaKOEC IIOJC CIOCOOHO
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VACPKATHCSA B 3aMKHYTOM OOBEME, MOCKOJIBKY TAKUX IMOHSATUMN, KaK
MOTPAHUYHBIA CJIOW, BSI3KOCTh, CKUMACMOCTh WM TEMIIEpatypa y
marautHoro mojst Her. Ona HE MOxeT O0ObscHUTh U (pakra
MPUIMIIAHUS MOJHHUHM K MeTainueckuM npeameram. Ho Bce ke ata
MOJENb OJVKEe BCEX MOAONLIA K CYIIHOCTH IHAPOBOW MOJTHHM.
Ceroanst 1jist 0OBSICHEHUS! YCTOMYHUBOCTH 3TON MOJAC/IH HPUBJICKAIOTCS
TaKU¢ MOHATHS, KaK YCTOWYMBOCTh ILIA3MBI, CaMO(OKYCHPOBKA U
JTAXKE MOMIMUTKA TCJIA MOJHUU BHCIIHUM HUCTOYHUKOM, HAXOISIIIIUMCS
JIalieKo 3a MpeaeIaMu caMOl MOJTHHUU.

Bce 3TM MCKYCCTBCHHBIC MOCTPOCHUS A 3PHUPOIAHAMUUCCKON
MO/IC/TA HE HYKHBI.

Kak MoOxHO cO031aTh IDApOBYKD MOJHHIO B J1a00OpaTOPHBIX
yeaosusix? Ceituac 06 3TOM TPYAHO FOBOPUTH, IOTOMY HYTO LIAPOBast
MOJTHUSI BO3HHKACT B CaMbIil HEMOIXO/IIIUA MOMEHT B CaMBIX
OOBIYHBIX, Ka3aJ0Ch Obl, yciaoBusx. OHa MOXKET BBICKOYHUTH U3
OOBIYHOM PO3ETKH, U3 MATHUTHOTO IYCKATENsI, BO BPEMS WU IMOCIIC
rpo3sl, a TO U mpocTo rAe yroano. Ho 3ameucHo, uyto Hambomee
YaCThIC CAy4Yau MOSBJCHUS LIAPOBONH MOJHHUH CBSI3aHBI C MCKPOBBIMU
MPOMEKYTKAMH, PA3PSAHUKAMA WM MPOCTO TIOXUMHU KOHTAKTAMU

MOoKHO TOMBITATBCSA CO3JAaTh 3aMKHYTOE MATCHHUTHOC IIOJIC,
CYLISCTBYIOILICE HE3ABUCHMO B MMPOCTPAHCTBE. st 3TOro MOKHO
WCIIOIb30BaTh  OBICTPOJACHCTBYIOIIMIA  JJCKTPUYCCKUEA  KITFOY,
HaIpuUMep, PaspsAHUK, CIIOCOOHBIN OBICTPO MPOIMYCTUTh OONBIION TOK
U 3anepeth 3a¢ camouHaykiuu. [lepBoe HY)KHO IS TOro, 4TOOBI B
MMPOCTPAHCTBE 00pPa30BaJICS OONBIION IPATUCHT MATHUTHOTO OIS, B
KOTOPOM 00pa3yercst rPpaJUCHT CKOPOCTH MOTOKA ddupa v TeM caMbiM
VYCIIOBHUSL IS CO3JaHHS TMOTPAHUYHOrO CIIos Oyaymero 3¢upHOro
Topouga. Bropoe HYXHO s TOro, 4TOOBI OIMCPATHBHO OTCEYb
MAarHUTHOE MOJIC OT MPOBOJHUKA, KyJa OHO IOIBITACTCS CIPSTATHCS
[OC/IC MPEKPAIICHUS TOKA.

Ecnu paspsagauk 0OOpPBET TOK B KOPOTKOE BpPEMS,, TO HA HEM
BO3HUKHET 3/IC CAMOHHIYKI[H, PaBHAS

= — L oi/ot (6)
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Ecnmu npomyckaemslii TOk cocTaBUT BeanMuuHy B | Amrmep, Bpems
00pBIBa LIETIH COCTABUT | MHUKPOCEKYHY, 4 MHAYKTUBHOCTh THHUH (1
METp mNpoBoja) cocTaBuT | Mukpol eHpH, TO 3AC CaMOMHIYKLIUH
okaxkercs pasHoit | BoneT. Ho 3TOrO0, BEposSTHO, HEIOCTATOYHO OIS
CO3JaHMA INApPOBOM MOJHHMHM, IIOCKOIBKY 3a BpeMs, paBHOe 1
MHUKPOCEKYH/IC, MATHUTHOC IOJI€ YCIEET CHPATAThCS B HMPOBOTHUK.
3HAaYNUT, HYKHBl OOleE KOPOTKHE MPOMEXKYTKU, Hampumep, B 1
HaHOCeKkyHAy. Toraa mome, BO3BpallamoImeecs B MPOBOJHHK CO
CKOpPOCTBIO CBETA, YCIIEET MPOUTH Beero mumb 30 cM, a Bce OCTaIbHOE
MAarHUTHOE MOJIC OKaxkercst cHapyku. OHO ckomiancupyer, u Oyaert
co3aH >(UpHBIA WK MarHUTHEIA Topoua. Ho 3xeck yke paspsiaHuk
JOJDKCH YMETh MPOTHBOCTOATH 3Ac camomHAykouu B 1000 Bombt.
IIpu sToM »sHeprus oOpa3oBaHHOro Toponaa OyIeT HEBETHKA,
MOPSIIKa MIULTHOHHBIX Jojed Jlxoys.

Jns TOBBIIICHHS SHEPreTUKM  00Opa30BaHHOTO  MArHHTHOTO
TOPOWAA HY)KHO YBEIMYHBATh 3HAUCHHE oOpbiBacMoro toka. Ho mpu
Toke B 1000 AMriep HY»KHO OYAET MPOTUBOCTOSTh 3HAYCHUIO JIC VK
B 1 mumnon Bonet. HauaneHas sHeprus Oyayiei mapoBoit MOTHAN
COCTaBHT B 3TOM ciydae exuHuiel Jhxoyneit. Eciam xxe qisa co3manms
MOMsl WCMONb30BaTh BO3AYLIHYIO HHAYKTHBHOCTE XOTS OBl B
HECKOJIBKO COTHIX Joned ['eHpm, TO HavaipHOE SHEProcoxep’kaHue
MOJHHH COCTABHT Y>K€ COTHH M ThICSUU J[KOyned, HO U MPOTHBO3.C
3[0€Ch COCTaBUT YK€ MHOrume MuummoHsl Bomet. OgHako Bce 310, HE
CUHTas MOCICAYIOLWIETo CXKATUS TelIa MOTHHH S(PHPOM, IPH KOTOPOM
SHEProcoAcp:KaHUE MOTHUAU OYIET MOBHIIIATHCS IO MEPE CHKATHS TENa
MOJIHHMH AaBIICHHEM 3(Upa NpONOPLHOHATEHO KBAAPATy YMCHBIICHUS
ec paamyca. A yk IOCIE TOro, KaK mapoBasi MOJHHUS OyJeT co3aaHa,
MOHO OyIET HOAYMATh U O TOM, KaK UCHONb30BATh €€ SHEPTUI0. DTO
MOYKHO cIenaTh, HAIIPHUMED, 3arHAB MOJHUIO B OOUKY C BOAOM. ..

Takum o00pa3zoM, NPHUHLUNUANBHBIA IyTh KaK IS CO3AaHUS
HCKYCCTBCHHOW IIapOBOI MOJHUU, TaK U I JOOBIBAHUS SHEPTUH U3
BaKyyMa BCE XK€ €CTb, HO OeJa B TOM, YTO pa3psSAHUKOB C
VKa3aHHBIMH BBILIC XaPAKTCPUCTHKAMH MIOKa HE CYIICCTBYET.

OnmHako B mpHpoAe IHApOBas MOIHHS MOSBISICTCS B CaMBIX
OOBIYHBIX YCIOBHSIX M B CAMOE HEMOAXOJsIee BpeMs. Buanmo, 4uro-
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TO CYLIECTBYET MOMHMO TOT'0, YTO OBLIO BBICKA3aHO BBIIIC, KAKHE-TO
JOTMOTHUTCIBHBIC  YCIOBHSA,  CIOCOOCTBYIOIIME — (OPMUPOBAHHIO
mapoBod MOMHUU Oe€3 Ppas3psSIHUKOB C YHOOMSHYTBIMH  BBIIIE
MapaMeTpaMH, 4To-T0 OOJIEe MPOCTOE.

Ucxons W3 M3NOKEHHOTO, MOXHO BCE-TAKH OXHJIATh, YTO C
MOMOIIBIO BBICOKOYACTOTHBIX PA3PSIHUKOB U KaKUX-THOO APYrHX
MPHUCIIOCOOICHHI TOSIBATCS YCTPOICTBA, MO3BOSIOIIUE HCIOIb30BATh
sHepreTuky 3¢upa. M, moxoxe, 4TO MEPBHIC MOJAOOHBIC YCTPOUCTBA
HAYaJIM MOSBIATHCS.

4. TpanchopmaTtop Tecnbl
4.1. Kak oyenump 3Hepeui0 MAzZHUMHO20 NOAA"?

N3 Bcex BUAOB CHIOBBIX TOJICH HauOoyee yAOOHBIMU [ist
HpaKTI/IquKOFO HNCITIOJIB30BAHUA SABJIAKOTCSA MArHmuTHBIC T10J141,
Cco3gaBacMbIC TOKAMHU, TCKyH.[I/IMI/I B HpOBOI[HI/IKaX. OHI/I 3HCpI‘OCMKI/I,
Oe30macHbl, JErKO CO34aBaEMbl, CIIOCOOHBI OOECIIEUUTH CHIIOBBHIE
BSaHMOﬂCﬁCTBHH Me)KI[y paSJ’II/I‘IHLIMI/I O6’BCKTaMI/I, U HUMCHHO J3TO
O6CTOHTCHBCTBO I1I03BOJIHUJIO HpI/IMCHI/ITb X BO BCCBO3MOXXHBIX
3HepI‘CTI/I‘ICCKI/IX y(JTaHOBKaX, B TOM 4YHCJIIC B I‘CHCpaTOan nu
JBUTATEISX CAMbBIX Pa3HOOOPAa3HBIX KOHCTPYKLIUH.

Kakx wu3BecTHO, sHEprus, cOACpKamascs B MArHUTHOM TIOJIC,
OTIPEICIACTCS BBIPAKCHUEM

toH ?
w=J] dV, Br, @)
2

—7
rae f, = 4m. 107", 'n/M — MaruuTHas MPOHULIAEMOCTh Bakyyma, H,
A/M — HaOpsHKCHHOCTh MArHUTHOTO MO, V, M —  0bOBEM
MPOCTPAHCTBA, 3aIOTHCHHOTO MATHUTHBIM TIOJICM.
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PacnpeﬂeneHHe HANpsOKCHHOCTU  MArHUTHOrO  IIOJIE  BOKPYT
IPOBOAHUKA C TOKOM ONPCACIISACTCA 3aKOHOM ITOJTHOrO TOKAa

[Hdl =i, ®)
rac |, M — OTPC30K AJIUHBI CIJIOBOM JTUHUM MArHUTHOTIO IIOJIS BOKpPYT
IPOBOJAHHUKA C TOKOM, i, A — BemduuMHA TOKAa, TEKYLUICTO IIO
OPOBOJHUKY.

M3 3akoHa moiHOro Toka CJICAYCT, UTO BCIIMYNHA HAIIPAKCHHOCTH
MAar"duTHOrO 1moJist Ha PaCCTOSTHUN R ot IPOBOAHUKA COCTABJIACT

i
= ©
2nR

a OTHOUICHHE HAMNPSLKEHHOCTEH MArHUTHOIO IOJMSI HA Pa3HBIX
PacCTOSHUAX JOHKHO MOJUUHSATHCS THIICPOOTNIECKOMY 3aKOHY, T.C.

H, R,
— = (10)
H, R

U B OTHOCHTEIBHBIX KOOPAWHATAX MOXKET OBITh H300paKEHO Kak
runepbona (puc. 10, kpusast 1).

OnHako mpsiMBIC M3MEPEHUS MOKA3alld, YTO 3TO HE COBCEM TaK.
Ve mpu Toke B 0,1 A OTHOIICHHE HAMPSHKEHHOCTEH CYINECTBEHHO
OTJIMYACTCS OT YKAa3aHHOTO PACIpPEICICHUS, IPUYEM C YBETHICHUCM
aOCOMIOTHOM BETUYMHBI TOKA OTKIOHCHHE YBCIMYMBACTCS BCE
Oompmie. Hanuio sBHOE OTKIIOHGHHE PEATbHOrO PACIpPEACICHUS
HANPSDKEHHOCTH MAarHUTHOTO TONS OT THIEPOONTNIECKOTO 3aKOHa, TPH
STOM OTKJIOHCHHE OT 3TOr0 3aKOHA B OTHOCHUTCIBHBIX KOOPAMHATAX
VBEITUYMBACTCS C YBEIMYCHUEM a0CONIOTHOrO 3HAYCHHS TOKa B
npoBoaHuke (puc. 12, kpussie 2 u 3) [16].
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H/Ho
1

0,751
0,501

0,251

L — o W

1 2 3 4 5 6 V/ro

Puc. 12. Pacnpeneﬂeﬂne HAINIPpSIZKEHHOCTH MArHUTHOI'0 II0JIsI BOKPYr
MMpoOBOJHUKA € TOKOM

IMonyueHHOE PKCICPUMEHTATEHO OTKIIOHCHUE MOXKET OBIThH JIETKO
OOBSCHEHO, €CIH YYECTh CKHMAeMOCTh 3(upa H, Kak CIEICTBHE,
CKHMAaEMOCTh BCEX CTPYKTYpP, BKJIIOYAS W MArHUTHOE MOJE. 3aKOH
MOJHOTO TOKA OKA3bIBACTCS CIPABCIIUBBIM IUIIb ISl MPEACTBHO
ManblX HANpPsDKEHHOCTEH  MArHUTHOTO TOJs, TPU  KOTOPBIX
CKHMaEMOCTBI0 MOXKHO mpeHeOpeub. Ho OH He MOMHOCTBIO BEPEH A
0ospIIUX TOKOB, naxe BenuauHoi B 0,1 A. IT0 3HAYUT, YUTO PEaTbHO
MAarHUTHOE I0JIC B CIMHUIEC 00bEMa HECET B ceOe FHepruu OOJIbIIe,
YEeM 3TO CIAEIYET M3 3aKOHA MOTHOrO TOKA U CYIIECTBYIOIINX METOJOB
pacyeros.

N3 HM3m0:KEeHHOTrO BBITEKAET, YTO KOHTYP C BBICOKOZOOPOTHBIMH
KaTyIIKaMH, HACTPOCHHBI B PE30HAHC, JOJDKCH HAKAILTUBATh B ccOe
SHEPTHUU CYLIECTBEHHO OOJBINE, YEM 3TO CIEAYET M3 CYLICCTBYIOLIUX
pacueToB, HMOO DSHEPIrHsl ONPEACIICTCS HE TOIBKO CKOPOCTBIO
BHHTOBBIX IIOTOKOB 3(Hpa, MPEACTABISIOMIMNX cOO0 MAarHUTHOE MOJE,
HO W UX MaccOBOM MIIOTHOCTBbIO. B03MOXHO, 3TO 0OCTOATETBCTBO
Oobuto  yureHo Huxomoit Tecmoit mpm mHOCTpoeHMH — CBOMX
BBICOKOYACTOTHBIX ~ CHJIOBBIX  TpaHc(opMaTropoB, B  KOTOPBIX
00s13aTETIPHO KCIIONB30BAICS PE30HAHC M B KOTOPHIX MONYYAIUCH B
pe3ynbTaTe BBICOKHE HANPSDKCHHS, HCYUCISEMBIC MHUTHOHAMHU
BonbT, 4TO HUKAK HE CIEAOBANO U3 OOBIYHBIX PACUECTOB.

Ho 370 xe 00cTosTenhCcTBO MO3BONSCT MO-WHOMY MOJOUTH H K
SHEPreTHKE IIAPOBBIX MOIHHUI, KOTOPbIE MOKHO PacCMAaTpHUBATh KaK
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3aMKHYTOC caMO Ha c¢e0sl YIUIOTHEHHOEC MAarHUTHOE TOJIC C TOM JIUIIIb
0COOCHHOCTBIO, YTO CYIICCTBYIOIINE TCOPHH MATHUTHOTO IMOJISI HUKAK
HE TPEIYCMATPUBAIOT HAIMYKME y TaKUX 0Opa30BaHHUI rpagucHTHOrO
MOTPAaHUYHOrO  c¢jaos.  Jms  3toro  Hy:xkHO  oOpaTuThCs K
3(pUPOIUHAMUYUCCKUM MPEACTABACHUSIM O (DU3MUCCKON CYIHOCTH
CHJIOBBIX ITIOJICH B3aMMOJCUCTBHM.

4.2. Bvicmpooeiicmeyoujie K1YU U 3hpupnas InepeemuKxa

B toMm, uTo paspsm B BakyymMe oOmagact OOJbIION SHEPruci,
HECTIOXKHO YOCTUTBCS, 3apsiIUB BBICOKOBOJBTHBIM KOHICHCATOP IO
HANPSDKCHUS B HECKOJIBKO THICSY BOJIBT, a4 3aTEM pas3psAuB €ro Ha IBa
HE3aBUCHMBIC APYT OT APYra 3JEKTPOABI CTAPOH PaguOTEXHHYECKOMN
JaMITbl CTCKISHHOM cepun. [loBHIIIAs MOCTENEHHO HAIPSDKCHHE MU
eMkocTh koHAcHcatopa co 100 m® m mamee, M MOAKIIOYAS €TO K
3JIEKTPOAAM JIaMITbl MOXKHO YOEAWUTBCS, YTO, HAYHHAS C HEKOTOPOTO
3HAYCHUS, DJICKTPOIBI BHYTPH JIAMITHI HAUHYT B3PHIBATHCS, TAK UTO OT
HUX ocrtactcs Tpyxa. Komba nmammer mpu 3ToM ocraercs uenod. M3
3TOrO CIACAYET, YTO BAKYYMHBIN Pa3psii UMEET BHICOKYIO SHEPTETHKY.

IIpodeccop OxoHOMHUUEckOro yHuBepcutreta wum. lliexaHoBa
Anckcanap BacunbeBuuy Yepnerckuii B 70-¢ — 80-¢ roael mposen
CCPUIO DJKCIICPUMEHTOB C BaKyyMHBIM paspsaHukoM. OmHO U3
YCTPOWCTB OBIJIO COOpAHO MO CXeMe, MPUBEACHHON Ha puc. 13.

B cxeme mMerncst MCTOYHUK MOCTOSIHHOTO TOKA U LIEMb, COCTOSIIAS
13 KoHAeHcaTtopa eMkocThio 1 Mk®, HacTpanBaemMoro paspsaHHKa U
JBYX OJMHAKOBBIX JaMIiouek MOIMHOCThIO mo 60 Br. Ogna pamma
BKITIOYAIACh JO KOHACHCATOPA, BTOPAst — MOCIE pa3psIIHUKA.

Hanpsokenne moaOupanoce TakuM, 49TOOBI MPH  3aMBIKAHHN
paspsgHuka oO¢ JaMIlbl ClIerka CBETWIHCh. Ilpm pa3mblkaHUM
paspsyAHMKAa 00€ JaMrbl, SCTCCTBCHHO HE TOpPENu. 3aTeM, COrKas
3JCKTPOBl pa3pPsSIHUKA HYKHO OBIIO YCTAHOBUTH YCTOWYHBBIN
paspsn  (OOBIYHO, STO COOTBETCTBOBATO PACCTOSHHUIO  MEXKIY
3JEKTPOAAMHU B HECKOIBKO ACCATHIX JOJNCH MUIIMMETPA) W 3aTEM,
HACTpauWBas paspsgHHK, T.C. PEIYIUPYS PACCTOSHUEC MEXKAY
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SJICKTpOAaMH € MMOMOIIBKO MUKPOMCTPUYICCKOI'0O BUHTA, MCHSJIU HAaKaJl
JIaMII. HpI/I OTOM IICpBas JjiaMIia Morja nmoraCHyTb COBCCM, a BTOpas
JA0BOAMIACH A0 BBICOKOTI'O HaKaJja, IIpyu KOTOPOM MOIJIa U MCPCropeTh.

JI P

—O—b 9

-~ |en T 10

Puc. 13. Cxema A.B.YepHetckoro: BII — 610k muranms, P — pazpsoauk, C —
KOHleHcaTop, JI — jaMIIbl HaKaTUBAHMS.

CoszxaBanocek crpanHoe BrcuaTieHue. OQOe jaMmbl BKIIOUCHBI
MOCNEAOBATENBHO B LICMb, MATAEMYI MOCTOSHHBIM TOKOM, HO OJHA
JaMIa racna, a BTOpas SIPKO CBETHIACh, YTO SBHO TOBOPHIO O
MIOATIUTKE €¢ JOMOTHUTCIbHOM 3Hepruch. Ha camom geme 3to BoBce
He 00s3aTenbHO. 31eCh 3HAYUTEIBHYIO POJb UrPal TaK HA3bIBACMBII
k03 purmeHT hopmeL.

Y A.B.YUepHerckoro B CBOE BpeMs BO3HUKIM 3HAYUTCIbHBIC
TPYZHOCTH C OMNPEACICHHUEM BEIUYHHBI BBIACTIEMON MOIMHOCTH. DTy
TPYZHOCTH JIETKO MPEOAONICTh, €CTH HCIIOIb30BATh CIIE ABE TAKUX JKE
JAMITbl, TTUTAEMBIC KaKJAasl OT OTICIBHOrO MCTOYHHKA MOCTOSHHOTO
TOKa, B LEMH KOTOPOr0 HM3MEPEHHE MOTPEONsIEMONH MOILIHOCTUH HE
npeacTaBisieT Tpyaa. Joseas ¢ moMompo MUPOMETpa HaKam KaKIoH
JaMmbel JO Hakaja JjaMIl B OCHOBHOM LIEMH, MOXXHO C BBICOKOH
TOYHOCTBIO OIMPEACTHUTD BBLACTIEMYI UMHA MOIIHOCTh U CONOCTABHUTD
€€ ¢ MOIIHOCTHIO, MOTPEOISICMON OCHOBHOM ICTIBIO.

K coxanenuro, mogoOHbIC MOMBITKH APYTUX HCCICAOBATEICH HE
MOATBEPAUIH OXHmaeMoro pe3ynprata. OmHako ObLTO BBICKA3aHO
MPEATIOIOKEHNE, YTO 3THMHU HCCICAOBATEISIMUA HE OBLIO JOBEACHO
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3HAYCHUE TOKA JO HEKOTOPOrO KPUTHYECCKOTO 3HAYCHHUS, IPH KOTOPOM
s dexr HauneT nposBisThCs. [103TOMY 3KCHEPUMEHTHI B MTOJO0OHOM
HAMNPaBICHUH LIETECO00Pa3HO MPOJOIKUTb.

HeoGxomumo moBecT 10 cBeAeHUWs 4HTATems, 4TO mpodeccop
A.B.YepHerckuii morub OT paka KOKU Ha JIHIE, MPEANOI0KUTEIBHO
OONYYUBIIMCH B MPOLIECCE MPOBEACHHS SKCIECPUMEHTOB  OT
MyJIbCUPYIOIIET0 MArHUTHOTO MOl WM TONS JPYrOH MPUPOIH,
OKPYIKAIOIIEr0 paspsifHUK. JTO 3HAYUT, YTO NPU NPOBEICHUU
MOJOOHBIX IKCIEPUMEHTOB HEOOXOAWMO COOMI0IATh OCTOPOXKHOCTH,
HE MPHUONIKAsICh OIM3KO K Pa3psAHUKY.

Awmepukanckum yuensiM Kennerom P. Iloynaepcom mpeamoxkeH
mpubop ¢ HCHOIB30BAHHUEM OBICTPOJCHCTBYIOLICTO 3JCKTPHUICCKOrO
KIoua (BaKyyMHOTO pa3psiiHMKA) s TMOAYYCHHS SHEPIHH U3
OKpy’Karomei cpensl, B koropoMm momydeHo or30 mo 50 kpartHOE
VBETUUCHHE OHEPrMU TMpaBia, IIOKA B MalbIX KOJTHYECTBAX.
[IpeanonoxuTenpbHO, 34ECh pPEaTM3yeTCss TOT CaMblii MEXaHH3M
o0pa3oBaHMs MArHUTHOTO TONS W €ro CXKaTHE, KOTOPBIH OmMHcaH
BhIIIC. BRICOKMI KIJ yCTPOMCTBA MOATBEPIKIACT LEIECOOOPA3HOCTb
MPOXOKEHHS paboT B OZOOHOM HaNpaBICHHH.

Takum o6pazoM, MpUMEHEHUE OBICTPOACHCTBYIOIINX KITFOUEH st
MOMYYCHHUS DSHEPrUM M3 3Pupa MOXKET OKaszaTbCsl BeEChbMa
MCPCIICKTUBHBIM.

4.3. /lsoiinas cnupans Tecnwvl

B Hekoropeix cBomx ycrpoiictBax Tecna wucmomp3oBan ABe
pacmonoXeHHble B OOMEH  IUTOCKOCTH  IUTOCKHE  CIIUPATH,
BKJIFOUCHHBIC TIOC/ICA0BATEIbHO (puc. 14). 3auem?

Ha puc. 15 wu3oOpakeHO HampaBlieHHE PacIpOCTPAHCHHUS
MAr"dvTHOrO IOJIsI IO BHCITHUM BHUTKAM CHHpaJ’ICﬁ " 110 UX OCHTpaM,
M3 HYero CIEAyeT, YTO CO3JaHHOE IMONEC JMODKHO 3aMKHYTBCS B
TOPOUAANbHBIN BHUXpb. TakuM 00pa3oM, NPUMCHCHHE JBOMHBIX
IJIOCKHX CITUPATICH KaK 3JIEMEHTA SJICKTPHUCCKUX LETIeH IpuoOpeTaeT
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KOHKpeTHBIM  cMmbica.  QpgHako crneayer caeiaarh  HECKOJIBKO
JOIIOJIHCHUMH.

Puc. 14. JIBoitHast cnimipaJib IUTsi BO30Y:KIeHISI MATHHTHOTO TOpoma

Puc. 15. O6pa3oBaHIie MATHITHOTO TOPOW/Ia BOKPYT IJIOCKHIX CIIHpaJteii

Bo-mepBBIX, 3aMBIKAHHE MArHMTHOIO TOpOHIAa M €rO
MOCNEAYIONEe CKATHE MPOU30HACT B TOM CIydac, CCIH TOK B LICITH
OyZeT UMOYTbCHBIM M TMEPEAHMA H 3amHUA  (QPOHTH OyIyT
JOCTaTOYHO KOPOTKMMH. ITO 0COOCHHO Kacaercs 3aaHero (ppoHTa, Ot
KPYTH3HBI ~ KOTOPOrO TPSMO  3aBUCHT, OyzaeT chopMHpOBaH
MOTPAHUYHBIA CIIOW HA MOBEPXHOCTH TOpOMAa wiu He Oymaer. Bo-
BTOPBIX, BO3MOXKHO, YTO ONPEICICHHYIO POJIb HIPACT PACIIONOKCHUE
paspsOHMKAa OTHOCHTENBbHO crupaneid: y Tecaa — pa3psaHUK
pacmomaraics B HPOMEXKYTKE  MEXAY  COHUPATSME,  YEM
rapaHTUPOBAIacCh OJHOBPEMEHHOCTh CO3JAHUS MATHUTHBIX MOJCH Y
o0eux crpanew.
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ITockompky B HacTosImiee BpeMs HPAKTHUECKH HUKAKOH YETKON
METOAOJIOTHY, IIO3BOJLIIOIIEH IPOM3BECTH pAacueT IapaMeETPOB
cnHpangeid U paspsIHUKOB HE CYMIECTBYET, TO HMOAOOP IapaMeTpoB
MIPUAETCS HAa TIEPBBIX [TOPAX MPOMU3BOANUTE OIIBITHBIM ITYTEM.

4.4. Tpaucpopmamop Tecnw

Cxema ycrtpoiictBa TpancdopmaTopa Tecrmel mpuBeneHa Ha pHC.

16.
Tp
p
Bl % Cs EB C:

Puc. 16. Cxema BrimodeHns Tpancgopmaropa Teciapr: BII — 610k rmranms; P
— paspsmruk, C; — pa3psimHbelidl KoHjeHcatop; Tp — TpanchopmaTtop Tecmsr, C, —
PE30HAHCHBII KOHJIEHCATOP.

Tpanchopmarop Tecma mpeacrasiser CcoOOi  YCTPOMCTBO,
cocrosiiee u3 OeccepIevyHUKOBOro TpaHcdopmaropa, paspsgHUKA U
3JEKTPUICCKOrO KOHJCHCATOpA. [epBuunas o0OMOTKa
TpanchopMaropa BBINOIHEHA B BUAC HECKOIBKUX BUTKOB TOICTOU
MEIHOU MPOBOJOKH, & BTOPUYHAS, TOMEIICHHAS BHYTPU HIIH PSAOM C
MCPBUYHOW OOMOTKOW COCTOMT u3 OONBIIOTO0 YHCJIA BHUTKOB
U30IPOBAHHON TOHKOU MEAHOU MPOBOJIOKU.

[lepBuunyro 0OMOTKY 4epe3 paspsgHHK W  KOHICHCATOD
MOJKITIOYAIOT K HWCTOYHUKY TEPEMEHHOIO TOKA, BO BTOPHYHO
00MOTKE, B KOTOPOH BHITIONHSIIOTCS YCIOBHS PE30HAHCA.

IMpunpn  geiictBust  cxembl ¢ TpaHchopmaropom  Tecisr
3aKITIOYACTCS B CIICTYFOLIEM.
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HanpspkeHue  HCTOYHHMKA TMEPEMCHHOIO TOKA  BhIOMpacTCs
JOCTaTOYHBIM Al mpobos paspsmHuka. B pesyaprate mpobost
PaspsAHUKA B MIEPBUYHON OOMOTKE BO30Y>KAACTCS MPEPHIBUCTHIH TOK,
BO3HUKACT MPEPHIBUCTOC MATCHUTHOC IIOJIC, WMHIYLHPYIOMIEE BO
BTOPUYHOH OOMOTKE BBICOKOYACTOTHBIC KOJCOAHHS  YaCTOTOH
mopsaka 150 xI'n. braromaps pe3oHaHCy, HAMPSDKCHUE HA BTOPUIHOM
0OMOTKE ITOBBIIIAETCS A0 7 MIIH. BOBT.

Tpaunchopmarop Tecna ucnons3osancs B nepuog 1896 — 1904 r.
MPH CO3JAHUU MOINHBIX paavocTaHuuii (Hampumep, B 1899 r. mox
pykoBoacteoM Tecia Obiia coopyskena pamuocranius Ha 200 kBt B
urrate Komopano). Ipumensuics 1o cepenuubl 20-ro CTOACTHS B TEX
JKE LETIX.

Ha mnpoTspkHMM MHOTHX JIST MHOTHE MBITAIUCH OOBSICHHUTH
mpuHUUN  AckctBus — TpaHcopmatopa  Tecma, wmcxoms w3
TPAAULIMOHHBIX MPCACTABJIICHUH, B YaCTHOCTH, MOSBACHUEM 3JC
CAMOMHIYKLIMA HAa KPYTHIX ()POHTAX OOpBIBA TOKA Pa3PSIIHHKOM B
MCPBUYHON OOMOTKE, HO OOBSCHEHHEC HE HAWACHO M0 CUX MOp H,
MPEKAC BCEro, MOTOMY, YTO BCE MBITAINCH OOBSICHHUTH JCHCTBUC
Tpanchopmaropa Tecasl Ha TPaAUIUOHHON OCHOBC.

C mosuimii ke >QUPOAMHAMUKHA HCKOTOPBIC MOMEHTHI PabOThI
Tpanchopmaropa Tecapl HAUMHAIOT POSICHIITHCAL.

HecomHeHHO, nosiBicHHE 3AC CAMOMHAYKLIUHU B TpaHChOpMaTope
Tecma mmeer MecTo mpu OOpPBIBE TOKA B TMEPBUYHONH OOMOTKE.
OpnHako,  MPEONOIOXKHUTECIbHO, B  Tpanchopmarope  Tecna
HCIONB3YETCsl HECKONBKO 3(P(eKTOB, IIaBHBIM H3 KOTOPBIX SIBISETCS
MOCTYIUICHUE JOIOMHUTEIBHOW SHEpruu n3 3(dupa 3a cyer cxarus
MarHUTHOrO MOt aasicHHeM dS¢pupa. IlpumveHeHue ke pe3oHaHca
MO3BOJISICT HAKAILIMBATH OOBIINE TOKA M HMCIIOIB30BATh OMHCAHHBIC
BBIIIC HEMUHCHHBIE 3QdekThl, ycuauparomue 3PPEKTUBHOCTD
SBJICHUSI. BEPOSTHO, MPUMCHCHHUE BAaKYYMHBIX Pa3PsSAHUKOB BMECTO
BO3AYIIHBIX MOXKET CIIOCOOCTBOBATh CHUYKCHUIO DJICKTPOMATHHUTHBIX
momex. HcciaemoBanust pabotel cxem ¢ Ttpanchopmatopom Tecna
MO>KET UMETh MPUHIUITHAIBHOS 3HAYCHHE /TSI OYAYIICH SHCPTCTUKH.
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OmuH w3 wMmakeroB TtpaHcopmaropa Tecnsl H  W3IyUCHHE,
HCXOISIIEE UX BEPXHEH YacTH BTOPHYHON (BHYTPECHHEH) OOMOTKH
MOKa3aHkI Ha puc. 17

a) 6)

Puc. 17. Tpaucdopmarop Tecina: a) oburuii Buj J1aGopaTopHOro oopasia; o)
BHJ pa3psiia Ha BBIX0/le BTOPHYIHOI1 (BHYTpeHHeii) 00MOTKH TpaHcdopMaTopa

B mnpuBenecHHOoM Ha ¢ortorpadun TpaHchopmarope CTaBHIACH
3ajada MOTYYCHUS MAaKCUMAIIbHO BBICOKOTO HAMPSDKCHHS, Mpobiema
MOJIyUICHUA I[OHOHHHTCHLHOﬁ OHCPrum HC CTaBUJIACH. O TOM, 4YTO
BBICOKO€ HANPSDKCHUE OBIJIO MOMYYCHO, CBHICTCIBCTBYECT KOPOHA
3JCKTPUUECKOrO paspsiaa, Xopoio BuaHas Ha ¢ororpaduu. OgHako ¢
MOMOLIbIO TOJAOOHOr0 K€ TpaHchOpPMATOpa MOMKHO IOMBITATHCS
MOJTyYUTh TOTOHUTEIbHY IO SHEPTUI0 U3 (upa.

CyuiecTByeT HECKOJIBKO OCOOEHHOCTe (OpMUpPOBAHHUS
UMITYJIbCOB B TIEPBUYHOM Lienu Tpanchopmaropa Tecibr

Ecmu B karymike nnayktusaoctu L, ['H Teyer Tok i, A, T0 sHeprus
W, 3al1aCCHHAasA B MAarHUTHOM I10JIC, COCTAaBUT BCIINIUHY
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OO6pamaer Ha cecOs BHHMaHWE TOT ()aKT, YTO B OTIHYHE OT
kouzaeucaropa C, @, sapspkennoro Hampspkenuem U, B, B koTopom
3amacenHas 3HEprus wC, Dk coctaBisicT BETUINHY

L
We = C ——, JIx, (12)
2

Y 3Ta SHEPTU COXPAHACTCS M MOXKET XPAHUTHCS CKOJIb YTOAHO JOJTO,
€CM HET MOTCPh, TO B KATYHIKC MHAYKTUBHOCTU DHCPTHUS HCUC3ACT,
KaK TOJIBKO IIPEKPAINAET TeYb TOK, M 3aIaCEHHAs B MAarHUTHOM II0JIE
SHEPrusl BO3BpAIAETCA B IENb, CO3AABINYI0 MarautHoe mone. Ho
€CIIM 3Ta DSHEPrus BO3BPAINACTCA HE B ILIENb, CO3JABINYI0O MAarHUTHOE
oJnie, a B APYTYIO LEMb, B KOTOPOW SHEPTHS MOXKET HAKaILIMBATHCA,
HampuMep, B KOHACHCATOPE, TO 00IIee KOMMIESCTBO SHEPTUU COCTABUT
BEJIMYHHY, MPOMOPLIUOHANBHYIO KOJTHYECTBY UMITY1bcOB N, T.c.

2
|

wp =N L—— Jix (13)
2

31ech MPEAnoaaracTcsi, YTO 3HAYCHHUE TOKA YCTAHABIMBACTCS B
KOKIOM HMITYJIbCE 3a mcuesarome manoe Bpems. Ilox wmcuesaromme
MaJbiIM BPCMCHECM YCTAHOBJICHHS TOKA B HMIYJIbCE MOXKCT
MPEANOaaraTbCs JIATCIBHOCTh (PPOHTA HMIIYJIbCA, HECOU3MEPHUMO
Majmas Mo CPaBHCHHUIO C JIUTCIbHOCTBIO CAaMOTO HWMITYJIbCA, T.C.
MPUMCPHO B JOCCATh pa3 McHbImas. Torga HAKOIICHHAs B
KOHACHCATOPE, BKIIFOUCHHOM BO BTOPYHO LICMb, JHEPTHs OyaeT
HCOTPAHUYCHHO PACTH CO BPCMCHEM.

MrHoBeHHAsT MOIDHOCTh  KQXAOTO  HMIYyJIbCA  MMCIOMICTO
JINTCIBHOCTD T, COCTAaBUT:
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Li?
p=——Br, (14)
2T

u, ecaum (opMa HMIYIbCa COOTBETCTBYET MEAHIPY, TO €CTh
JUTUTETIBHOCTh MMITYJIbCA W AJHMTEIBPHOCTh May3bl PAaBHBI, TO OOIIAs
MOIIHOCTb COCTABHT:

FLi?
P.= — Br, (15)
4

Ecmu  paguycel mepBuuHOM 0OMOTKH Tl M BTOPHUYHOH 12 HE
paBHEL, TO

r2FLi?
PP=—— Br (16)
4 rzz

31ech CIEAyeT y4YecTh, YTO OTHOIICHUE PATUYCOB HE JOKHO
OBITH OOJBIINM, TOCKOJIBKY 3aBUCHMOCTh 31CCh HCIWHCHHAS, U ©C
CIIC MPEACTOUT YCTAHOBUTH.

IlocrosiHHAsT BpeMEHHM LEMHM KIOY — MOCPBUYHAS OOMOTKA
TpaHchopMaTopa COCTaBIISCT

Iir=L/R (17)

rae L — mHaykTHBHOCTE IepBUUHON 00MOTKH, ['H, R— conpotuBicHue
KITFOYa B OTKPBITOM COCTOSIHUMU.

Ecnu pautenpHOCTh UMITy/IbCa paBHA MTOCTOSIHHOW BPEMEHU LICTTH
KIIOY-TICPBUYHAs 0O0MOTKa TpaHchopMmaropa, TO 3a  BpeMms
JIUTCITIBHOCTH MMITYIIbCA TOK B LICMH BBIpacTeT A0 3HaucHHs 0,632
MOJTHOTO TOKA IMPH MUTAHUM LEMH MOCTOSTHHBIM TOKOM. Torga obrrast
MPEACIbHAS MOITHOCTE, KOTOPYEO MOXKHO HOTYYUTh, COCTABUT:
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0,6322R 1’ i’ r’

P.= =0,1 R’ , Br. (18)
4r22 rzz

IIpu otHOmieHMM paguycoB i/ F, = 2 MOXYYUM 3HAYCHHE

MPEAETbHON MOIIHOCTHU
P.= 0,4Ri* Br. (19)
ITpu otHOWEHNY paanycos rl /12 = 3 momy4nM:
P.= 0,9Ri* Br (20)

Ilpu wanpsokermun mmranms U = 100 B w comporuBncHuU
orkpeitoro kimroda B 100 Om BeamumHa TOoka coctaButr 1 A u
MpeAeabHAs MOAyYaeMasi MOLIHOCTh B NEPBOM ciaydae cocTaBut 40
Br, Bo Bropom — 90 Br. Ecnmm xe OyayT HpHUMEHEHB KIIOYH,
cnocobHpie mponyckats 10 A., TO B mepBOM ciydae mpeacibHas
MOImHOCTE coctaBur 4 kBT, BOo BTOpoM 9 KBT. MoOmHOCTE XK€
3aTpayrBacMas Ha MOJACPKAHHE IHpoLecca B O0OMX  CIaydasx
coctasut 0,1 R 12, 1. e. mpu Toke B 1A 10 B, mpu Toke B 10 A — 1
kBT. OTa MOIMHOCTH BBIACTACTCS HA KIIOYE, YTO TPEOYET HMPUHATHS
CEPBE3HBIX MEP AT €ro OXIKICHUSI.

ITpu 3HaUeHNM MHAYKTUBHOCTU NMepBUYHON 00MOTKH B 100 MKI'H

4 6
MOCTOSIHHAST BpeMmeHu unemu  cocrasur  107/100 = 10 c,
clAemOBaTCAbHO, HacTtoTa TepekmoucHmii coctaut 500 xl'm, a ¢
Y4eTOM HE00X0IUMOit KPYTH3HBI ¢poHTOB YJaCTOTHAs

XapaKTEepUCTHKA KI0Ua JO/DKHA OBITh HE XyKe, ueM SmI 1.

Ecnmu nanyktuBHOCT niepBHUHON 00MOTKHM cocTaBisieT 100 MxlH
= 10" ', a vacToTa MOBTOPEHMs MMITYTCOB cocTassier | M = 106
I'u, To npu TOKE B UMMynbce, paBHOM 1 A, MOITHOCTh MArHHUTHOTO
momst cocraputr 100 Br. ITlpu Oompmmx wactotrax oHa Oyaer
COOTBETCTBCHHO OONBIICH, €CNU 33 BPEMs JIUTCIBHOCTH HUMITYJbCA
TOK B MCPBHUYHOH OOMOTKE VCIIEET YCTAHOBHUTBCS OO IOTHOTO
3gaueHus. [Ipn 3TOM AITUTENBEHOCTD, KaK MEPERHErO, TAK M 33THETO
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(POHTOB JODKHA KaXKIOro coctaBmate He 6onee 0,1 OT ATUTENPHOCTH
CaMOro UMITYJIbCA.

W3 m310:XKEeHHOrO BBITEKAET, YTO AN IOBBIIICHHS BBIXOJHON
MOINHOCTH CJIEAYET HAWUTH ONTUMAJIBHOE OTHOLICHUE JUAMETPOB
MCPBUYHOW W BTOPUYHONW OOMOTOK, a TaKKE CTPEMHTBCA K
MTOBBIIIIEHNIO YaCTOTHI MEPEKIIOUEHUS TOKa KIIFOYEM, YTO BO3MOXKHO
JUIOb TP TOBBIIIEHWH €0 CONPOTHBICHHUS, 4 3HAYUT, MOBBIIICHUS
MHATAIOIIETO HANPSDHKEHUS M COOTBETCTBEHHO BBIIETSIEMOI Ha KITIOUE
MOIIHOCTH.

IIpoBenennbIe M3MEPEHNS TTOKA3AIH, UTO C YBEIUICHUEM CEUECHUS
MPOBOJA VJAENbHAs HMHIYKTHBHOCTh IpoBOoAa yMeHbmmaercsa. [lpm
VBEIMYEHUH CEYECHHS IPOBOAA €r0 HHIYKTHBHOCTH CHIDKAETCA II0
JOrpUPMHICCKOMY 3aKOHY:

2
CeucHue ipoBoga, MM~ Y IeIbHAS HHIYKTUBHOCTH, MKl H/M

0,35 1,65
0,5 1,45
0,75 1,2

1,0 0,97

IIpu pacuere WHIYKTHBHOCTH COJCHOWIOB, KaK MpPaBHIO, HE
VUUTBIBACTCSl CEUCHUE CAMUX MPOBOAOB, 3TO HEMpaBHIbHO. TeMm He
MEHEe, OTHUM W3 MYyTeH COKPAINCHHS 3HAYCHUH HMHIYKTUBHOCTH IS
MOTYYCHUS KOPOTKUX (DPOHTOB SIBJISETCS YBEIMYCHUE CCUCHHUS
MPOBOAA KATYIIKH.

CymecTtByeT W BTOPOH CHOCOO — YBEIMYCHUE AaKTHBHOTO
COTNPOTHBIICHUS LENU A1 YMEHBIICHHS MOCTOSTHHOW BPEMCHH IICTIH,
HO TaKOW Ccroco0 HE BHITOJCH, T.K. IOTPEOYET YBEINUICHUS MOITHOCTH
nmnynbca. Kpome Toro, Ha BRICOKHX YacTOTaX JOMKECH CHITPATh CBOIO
poiab CKkuH-3G(PEKT, B COOTBETCTBUU C KOTOPHIM B IICPBUYHON
KaTyIIKe HHAYKTHBHOCTH OVAET HCIOIb30BAHO HE BCE CCUCHUE
NpOBOJA, a TOJIBKO IIOBEPXHOCTHBII CNOH, KOTOpPBIM MNPUBEAET K
BO3PACTAHHIO AKTHBHOTO CONPOTUBJICHUS LICTIH.
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Takum o00pa3oM, YBENIWYCHHE CCUCHHS MPOBOAA MCPBHUYHOU
OOMOTKM  SIBISICTCS HAWIYYIOUM CIOCOOOM Uit  COKPAIUCHUS
JUINTCTIBHOCTH  ()POHTOB ~ HMMITYJbCOB, YTO M  CACIAHO B
Tpanchopmarope Tecapl: miepBuyYHAsT OOMOTKA BBHIIOJHCHA U3
TOJICTOT'O ITPOBOJA, UMEFOIET0 CEUECHUE JECATKN M COTHH KBaAPATHBIX
MHUJUTIMETPOB.

ITpu Hampspkennn mutanus kmoua U = 1000 B, R = 100 Om u
Toke B 10 A BelmensgeMas Ha Kiaroue MOIDHOCTH cocraButr 10 kBrt, a
BBIIaBaeMasl MOIIHOCTh C YIETOM ITOTEPH HA BO3BPATHYIO MOITHOCTb
cocrasut B niepeoM caydac 30 kBr, Bo Bropom — 80 kBrT.

Tecna B cBoux Tpanchopmaropax MPUMEHSIT YaCTOTH MOPSIKA
200 kl'm, MOXHO TIpeAIoIaraTh, 4YTO TaKas dYacTOTa SIBJISCTCS
ONITUMAITBHOH, 10 KpaiHEeH Mepe, 1Tl HauanbHOW CTaauu pador.

Pacuer 3apsgHON eMKOCTH, INYHTHPYIOMEH IENb IHTAHUA
SJIEKTPOHHON CXEMBI IPOM3BEIAEM, HCXOMAS W3 COOTHOLICHMS IS
3JEKTPUIECKOTO 3apsiaa

Q=CU=IT, @1
UMEEM
iT

Ecnu Bes anexrponHas cxema nurtaercs ot Hanpspkerus 100 B, o
mpu Toke i = | A u gurensHocTd mmmybea 7= 107 ¢ (F = 0,5 mI'm),
MOTYYUM:

C=0,01 Mxd®.

OnHako 3mech mpearnonaracTcsi MOTHBIA pa3psi EMKOCTH, YTO
Herenecoobpasno. it Toro, YroOBl  €MKOCTh  YACPIKHBAIa
HanpsDKCHUE MUTaHUS B mpeenax u3MeHeHuid He 6onee 10%, Hy»)HO
yBeamuuTh ¢¢ B 10 pas, caexoBaTeabHO, A1 MPUBCACHHOTO MPUMEpa
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JIOCTATOYHO MMETh 3HaueHHe myHTupyoomeil emkoctu 0,1 Mx® mpu
pabouem Hampspkennu B 1000 B. 1 4acTOTHBIX XapaKTEpUCTHKAX J0
1-2mI .

ITpu padouem HampspkeHuu B 1000 B m Toke mmmyasca B10 A
moTpeOyeTcss KOHACHCATOP SMKOCThIO TOM ke 1 Mk® mpu pabouem
HanpspreHnu B 1000 B 1 Tex jke 9aCTOTHBIX XapaKTCPUCTUKAX.

Takum 0O6pa3zoM, BEIPUCOBBIBACTCS CICIYIOLIMA TPUHIMI PaboThI
YCTpOICTBA A MOMYUICHUS SHEPTHH U3 3Qupa.

B nepBuuHyro 0oOMOTKY TpaHcdopMaTopa C BO3MOXHO Ooiee
BBICOKOIl YacCTOTOM TITOBTOPEHMS IIOCTYHNAIOT HMMIIYJIBCHI TOKa C
kopotkumu (pporTamu. C BTOpHYHOH OOMOTKH, UMeroLeld Oombiuee
YHCIO BHTKOB, YeM IICPBHYHAS, CHUMAIOTCS HMITYJIbCBI M UeEpe3
BBIIPSIMATEITBHBIN AHO NOCTYHAIOT HA KOHACHCATOP, IIYHTHPYIOIINN
Lenb MUTAaHWS TEHEpaTopa WMITYIbCOB, HYEM OCYIIECTBIIIETCS
MOJOKUTENIbHAS OOpaTHAas CBsI3b, MPU3BAaHHAS MOJICPKHBATH BECH
npouccc. HawuampHBIM 3amyck BCCH CXEMBI OCYIICCTBIISICTCS  OT
cTapTepa — OTAEIbHOTO MCTOYHHMKA ITUTAHWSA TE€HEPATOpa MIMITYJIHCOB
(cetb, Oatapes, aKKyMyISITOp), KOTOPBIH IOCIE  BXOXICHHUS
YCTPOMCTBA B PEXKUM, OTKITIOUAETCA.

OHeprus A7 BHEIIHETO MOTPEOHTENS CHHUMAETCs C TPEThed
OOMOTKH, MOMEIIAEMONW AHANOTUYHO BTOPHYHOU OOMOTKE BHYTPb
nepBu4HOH 0OMOTKH. K 3T0# TpeTheit 0OMOTKE TakKe MOAKITIOYACTCS
BBIIPSIMUATENBHBIM IHOM, @ 3aTe€M CIUIXHBAIOIIMA KOHJEHCATOP.
[Tony4yeHHOE MOCTOSIHHOE HANPSDKEHUE MOXKET UCIONB30BAThCS JTHOO
HEMOCPEACTBCHHO, THOO Yepe3 COOTBETCTBYIOIIKE MpeoOpa3oBarend,
mpeoOpasyroIue MOCTOSHHBIA TOK B BHJA J3HCPTHH, HECOOXOIHUMBIN
MOTPEOUTENIO.

4.5. Ocobennocmu nonorcumenbHol 00pamHoil cés3u u
pe2yiuposanue IHepzemuieckux nomoKos

Camonoaaep:kuBaHue MPOIECCA WM3BJACUCHHS JHECPTUU W3
OKpY’KaroIIEH Cpeapl Mpu JIFOOOW CXEME BO3MOXKHO [THIIb B TOM
caydac, CCAM YacTh ITONYUCHHON SHCPTHHM HAIPABJACTCS HA BXOX
YCTPOWCTBA, 3TO 3HAYMUT, YTO CHCTCMA JO/DKHA OBITH OXBauCHA
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MOJOKUTCIIPHOH OOpaTHOM CBS3pI0 M KO3(QQHULUCHT yCHICHUS
3aMKHYTOW LIENN JOJDKCH OBITh paBeH eauHuLe (puc. 18).

05)( +

QBbIX
—>

a)

/
/
QBbIX eBbIX
6) e)
Puc. 18. DJHeprermdeckasi YCTaHOBKA, OXBaUeHHAasl MOJI0KHTETLHOI

odpaTHOIi CBSI3bIO. @) CTPYKTypa; 0) 3aTyXaloluil IIepeXoJIHON IIporecc; 6)
PacXosIIMIACS IIEPEXOTHOM IIPOLIECC

Ecau Ha BXOX CHCTEMBI BO3BPAINACTCS SHEPTHH MCHBILC, €M
HY>KHO TS MOJACP:KaHus pabouero mpoiecca, mpouece HEU30S:KHO
3aTYXHET. 3aTyXaHHe MpoLecca Ja)Xe HOCSIIEro KoleOaTeIbHbIN
XapakTep, OOBIYHO MPOMCXOAUT IO SKCHOHCHIHMAIBHOMY 3aKOHY,
MPUYEM MTOKA3aTEeNb SKCIIOHCHTHI UMEET OTPULIATEIBHBII 3HAK.

Ecmun xe kosd¢uIMEHT ycuIeHHS 3aMKHYTOW LienW OonbLie
CAMHHLBI, TO CHCTCMA HAYMHACT HAKAIUTUBATH DHEPIHIO, IMPOLIECC
pa3BHBACTCS MO OKCHOHCHIMAIPHOMY 3aKOHY, HO IIOKa3aTellb
SKCIIOHEHTBI UMECT MOIOXKHUTEIBHBIH 3HAK, U CHCTEMa HICT B Pa3HOC.

B stoMm cnyuae B cucteMe HaxoAumTcs Kakoe-mubOo craleiimnee
3BEHO, KOTOPOE BBIXOTUT M3 CTPOs U mpepbiBaeT npouecc. OxHum u3
BAPUAHTOB TAKOTO COOBITHS SIBIISICTCS B3PHIB.

ObecrieunTh TOYHOEC PABEHCTBO ¢auHUIE Kod(duumeHTta
VCHJICHHST 3aMKHYTOW WEMu Oe3 PErylIupoBaHUS MPAKTHYCCKH HE
NPEICTABIISICTCS BO3MOXKHBIM, BO BCEX CIOydasx paboTa Takoi
CHUCTEMBI OYJET HEyCTOWYHMBO, OHA THOO OCTAHOBUTCS, TUOO MOHAET
B pa3HoC.
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st Toro 4ro0Bl 3TOr0 HE MPOH3OLIIO, B CUCTEMY, OXBAYCHHYIO
MOJIOKUTEIIBHOW OOpaTHOW CBS3bIO, OOSM3ATENBHO JO/DKCH  OBITh
BKITIOUCH PETYJISATOpP, 33aJa4eii KOTOPOro SIBISETCS OTPaHUYCHHE TOH
YacTH 3HEPrHH, KOTOPas BO3BPALIACTCS HA BXOJ CHCTEMBI Yepe3
o0paTHylO CBsI3b. TakoH peErymsITop MOXKET OBITh BBIIIOJTHCH
HECKOJIBKIMH CIIOCOOAMH.

IlepBrIii cmoco® — mpocTOE OrpaHHYCHUE BEIUYHHBI OOpPaTHOM
SHEPTHM HEKOTOPHIM HACBHILIIAOIMUMCS 3BCHOM. TakuM 3BCHBSIMU
MOTYT SIBJISITBCSL TIOOBIC 3BEHBS C HETIMHCHHBIMH XapaKTCPUCTHKAMU
TUNIA HACHIIICHHS JKEJle3a WIM CTaOWIMTpoHOB. B ciyuae
WCIONB30BaHUs  TpaHChOpMaTopa C IKEIE3HBIM  CEPACYHHKOM
VBEITUUCHHE HANPSDKCHUS B MEPBHYHOH OOMOTKE IMOCIE HACBHILICHUS
CCpACYHMKA HE MPUBOAUT K YBEIHUYCHUIO HAIMPSDKCHUSI HA BTOPUYHOU
obmotke. B chaywae wucmonp3oBaHusl CTAOMIUTPOHOB H30BITOYHAS
SHEPrUsl HANPABISCTCA B OOXOA LICMU OOpPATHOW CBS3H, YCM H
OrPaHUYHBACTCS MOCTYINICHUE SHEPTHH HA BXOJ CHCTCMBEL.

Bropeim  cnocoOoMm  sBnsieTcss  MPUMCHEHUE — HETHHEHHOU
OTpHLATENbHOI 00paTHOI cBszu. 1o uenu orpunaTensHOI 0OpaTHOMH
CBSI3U HA BXOJ CHCTEMBbI JO/DKCH IMOCTYNATh BTOPOH MOTOK SHEPTUH CO
3HAKOM, IMPOTHBOIMOIOXHBIM 3HAKY MOTOKA JHEPTUH, MOCTYMAOLICH
MO LIEMHU MOJOXKHUTCIPHONH 0oOpaTHOW cBs3W Ha TOT e Bxoxd. Ecmm
mporecc KonedaTenpHbINd, To 0OpaTHBIM MOTOK TOKEH MOCTYNATh Ha
BXOA B MpoTHBO(Aa3e TMOTOKY MOJOKUTEIbHOH SHEPrUu, €ciu
oOpaTHasi CBsI3b BBIIIOJHEHA B BUAC HANPSDKCHUS IOJOKUTEIBHOM
MOJSIPHOCTH, TO TO LIEMU OTPULATEIBHON CBS3M JOJDKHA MOCTYHATh B
Ty K€ TOYKY OHEPrus B BHIC HANPsDKCHHS OTPULATEIbHOU
MOIPHOCTH. B KaKAOM KOHKPETHOM Clydae BHJ SHCPIHH,
HCHONB3YyEMON B IEMSAX MOJOKHUTEIBHOM M OTPULATENBHOM CBS3H,
VCTAHABIMBACTCS KOHKPETHO, B COOTBCTCTBHH C IPUHLHIIOM
JIEUCTBUS CUCTEMBI.

BapuaHTsl (pyHKUHOHHPOBAHMS OTPULATEIFHONH OOPAaTHOW CBSI3U
MOTYT OBITh TaKXe pa3muuHbl. Ee mapaMeTpsl MOTyT ObITh BBIOPaHHL,
HAIpUMEpP, TAKUMH, YTO OHAa BOOOIIE HE BKIIOYAETCS, MOKA YPOBCHb
SHEPTMM B TONOXKUTEIBHOH OOpaTHOH CBS3M HE JOCTHTHET
ONPEIENCHHOr0 TOpPOora, TONBKO IIOCAEC JTOr0 OHA HAuMHACT
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BMEIIMBAThCI B mpomecc. Takme WiIM  JApyrue  BapHUAHTHI
PEryIUPOBAHUS MPOLECCOB JOCTATOYHO MOAPOOHO OIMHMCAHBI TEOPUEU
ABTOMATHYECKOTO PEryJUpOBaHMs, O3 WCIOIb30BaHUS KOTOPOIt
TPYAHO TIIOCTPOMTH pPACCMATPHUBAEMBIE CHCTEMBI JaXX€ B CiIydae
HAXOXKIEHHUS BCEX IMPUHITUIHAIBHBIX PEIICHUH.

5. CTpyKTypHasi cxeMa 3(pupoanHaMMUYecKoro
reHeparopa 3Heprum

Ucxons w3 W3M0KEHHOrO, MOXET OBITh PEKOMCHIOBAaHA s
MaKETHPOBAHHUS CleayroImast cxemMa  3(upoaHHAMHYECKOrO
TEHEpaTOpa SHEPTHUU — YCTPOHCTBA ISl MOTYUCHHUS SHEPruH u3 3dupa
(puc. 19).

Bce ycTpolcTBO COCTOUT U3 ABYX Y370B:

— BHCLIHETO HCTOYHHKA TMHUTAHUS, CIYXKAIIEro CTapTepoM IS
3aImyCcKa CXEMBI;

— ICHEPaTOpa UMIIYJIBCOB, coaepxarnero Tpancdopmarop Tecsl,
HMCIOLINHA TPU OOMOTKH — IEPBHYHYIO (HAPY>KHYIO) M IBE BTOPUIHBIX
(BHYTPEHHUX), OJHA W3 KOTOPBIX CIYXKHT IS CO3JaHHS LU
MOJIOKUTEIIBHOM OOpaTHON CBsI3U, a BTOpAs SIBJSICTCS BBIXOIHOM,
MOJKITFOYACMOM Yepe3 BBIIPSIMHUTENBHEIA MOCT K HArpy3Ke.

3amaua moabopa mapametpoB (3HaueHuit emrocteir C; u C,,
COOTHOLICHUSI JHUAMETPOB M BHUTKOB TICPBHUYHON W BTOPHYHOI
Karyuek, 3HaueHui Hanpsokenuii U;, U,, Us;) saxiarogactcs B TOM,
yTOOBI TOK OOpaTHOU CBsI3W I, cTaHOBMIICS Kak MOXKHO Oojblue mpu
COOTBETCTBYIOIIEM yMCHBIICHUH TOKA ;. 3agada OymeT BBINOIHEHA,
ecnmn  npu Hammumu Toka I, Tok I} mpekparuTcs mOTHOCTBIO.
BosnukHOBeHHe TOKa I3 B Ilemu OrpaHHYCHHS CBUACTEIBCTBYET O
MOTYYCHUH H30BITOYHON SHEPTUH.

Bce ammepmerpbl, ykasaHHBIE Ha CXEME, [JTO/KHBI OBITh
TECPMOTAPHBIMH.

IMocneaoBatenbHO ¢ paspsAHUKOM P; MoOeT OBITH BKITIOUCHA
JIBOMHAS CIIpaib 10 puc. 14.
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Puc. 19. Bapuant 0J10K-CXeMbI MaKeTa ISl TOJIYUCHHS YHEPTUH 03
W, — mepBuuHag
— KaTymka oOparHOi cBsi3m; Wi —

3¢mpa: BI1 — Omox mwranms; Tp — TpanchopmaTop;

Karymka TpaHcpopmaropa; W,

BBIXOHAS KaTymika TpaHcopmaropa; C; — 3apsaHas eMkocTs muranust; C, —
EMKOCTh KOHTYPA (HE YCTAHOBIICHO, HY>KHA JIH OHA); P — pa3psaHuK mpamoi
cea3u (U; mpoGost nopsaaka 1 kB/ mm); P, — paspsanauk (vmu 1uox) odpaTHOH
cea3u (U, > Uy); P; — paspsoauk (mmm cxema) orpanmdeHus HanpspreHus (Us
>U,); I} — Tok B memm mepBU4HONH 0OMOTKH TpaHC(popmaropa; I, — Tok B

nenu 00paTHOM CBA3W; B — BEIXO.
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Buieoowt

1. 3HCpI‘I/IIO HU CO34aTh, HU YHHUUYTOXKUTH HCJIb3d, CC MOXHO
MEPEBECTH U3 OAHON (POPMBI B APYTYIO, MO3TOMY BO BCEX CAydasx,
Korga KO3(HUIHECHT MOJIC3HOr0 ACUCTBUS YCTPOWCTBA OKa3bIBACTCS
OONBIIMM EIUHUIIBI, 005M3aTETBPHO MMEETCS Pe3epByap, M3 KOTOPOro
yepraeTcsl U30bITOK dHeprun. Takue ycTpoiicTBa Bcerga ACHCTBYIOT
IO IPUHIUITY TaK HA3BIBACMOI'O «TCILJIOBOI'O HACOCa».

2. VYcrpoHCTBOM, € IOMOIIBI0 KOTOPOTrO MPHHIMIHAILHO
BO3MO)KHO HpeoOpa3oBaTh MOTCHLHUANBHYIO OHEPruro sdupa B
SJCKTPUYCCKYIO JHEPruro, sBisercss TtpaHcopmatop  Tecmsl,
HCHONB3YIOIIUH  CaMOMPOU3BONBHOE CXKATUE MATrHUTHOTO —IOJ,
o0pa3oBaHHOrO  TMEPBHYHON  OOMOTKOH  TpaHcopmaropa U
BOCIIPHHAMAEMOTI'0 BTOPHYHOH BHYTPECHHEH OOMOTKOW MEHBIIETO
muamerpa. OaHako oOTIaAKa YCTPOHCTBA TPeOYeT TIIATCABHOIO
nmoadopa 37IEMEHTOB M HACTPOHKH UX PEKUMOB PaOOTEHI.
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YHactb 2

ddmpoanHaMmuyeckme OCHOBBI
ONTUYECKUX AABIIeHNM

Beeoenue

WsBecTHO, uTO omTHKa — pasgen (QU3HMKH, 3aHUMAFOIIHANHCST
HU3YUYCHHUEM CBETOBBIX SBJICHHUH, MPOIIIA ATUTCIBHBINA MyTh Pa3BUTHA,
HAYMHAS OT APCBHUX BPEMCH 0 HAIMUX JHCH. 3aKOHBI ONTUKA HAIIIH
MIUPOKOC MPUMCHCHHE, B MEPBYIO OYCPEIb, KOHCUHO, TPU CO3TaHUN
OINITUYCCKUX TMPHUOOPOB, HWCIONB3YEMBIX B CaMbIX Pa3HOOOPA3HBIX
00/1aCcTSX — B aCTPOHOMHUU, MOPCKOM JEJIC, BOCHHOM /e, OMOIOruu,
MEIUIMHE W MHOTUX ApyruX. ONTHUECKUE YCTPOHCTBA, OCHOBAHHBIC
Ha pe3yJbTaTaXx TPYAOB MHOTHX HCCICAOBATEICH, MO3BOJIMIN
3HAYUTEILHO  PaCIIMpPUTh 00JaCTh  WCCICAOBAHMSA — MPHUPOJHBIX
SBJICHUH ¥ NOPUHECIHM TPOMAIHYIO IMOJAB3Y JIFOASIM, CO3Jad
BO3MOYKHOCTh HAOIIONATH TEoa, M0 TOM MOPHl HCM3BCCTHBIC HAYKC.
MHorue U3 ONTHYCCKUX MPUOOPOB, HATIPUMED, OUKH, BBITYCKAKOTCS
MUJITHOHHBIMA THPQKAMH, YTO CBHICTCIHCTBYET 00 MX TONB3C M O
COOTBETCTBUM IPUHIIWIIOB, KOTOPHIC B HUX 3allOXKCHBI, 3aKOHAM
mpupoasi. Ho, TeM He McHee, B ONTHKE, KaK M BO BCEX OONACTSIX
€CTECTBO3HAHM, eCTh MIPUHITAHATHHBIC HEJOCTATKH,
OrPaHUYMBAIONINE BO3MOXKHOCTU ¢¢ pas3Butus. Peus, mpexae BCEro,
HUACT O CTCICHW TIOHUMAHUSA (PU3MYCCKOW CYIHOCTH CBETOBBIX
SIBJICHHH.

Bo Bceii MCTOpUU ONTHKH WMETM MECTO JBC MPUHIAMTHAIBHBIC
METOAUYECKUE OIIUOKU:

1. Becerga cuwramoch, 9TO CBET 3TO MOMCPCYHBIC KOJICOAHMUS,
pacnpoctpansitornuecs: B ddupe (kpome mnpemnoxkenuii HeproroHa,
MOJIATABIIETO, YTO CBET — 3TO MOTOK KOPITYCKYIT, WIIHA MPSATONKCHUM
KBaHTOBOM MEXaHHMKHM 00 W3JIyUCHWM CBETa MOPIMAMU — (POTOHAMH,
(haxkTHUCCKH BO3BPALIAFOLIMXCS K TEM KE KOPIYCKYIaM);
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2. Beerga cumranock, 9TO B BaKyyMe, BKJIIOYas BCE KOCMHUYIECKOE
MPOCTPAHCTBO, HUKAKUX HCKAKCHHUU CBOMCTB CBETA HE MOXKET OBITH
HU B YaCTU €ro CBOICTB, HANpUMEp, CICKTPAIbHBIX XapaKTCPHCTHK,
HU B YaCTHU NPSIMONMHEHHOCTH PACIPOCTPAHCHUH.

U To, n npyroe HEBEPHO.

CBeT He MOXKET OBITh IONEPEUYHBIMU KOIEOaHUAMH 3upa Mo TOi
MPOCTOH MpPHUYHHE, 4YTO TOMEpPEUHbIC KONeOaHUs HE MOTYT
pacupoCcTpaHATbCS HU B KakOW CIUIOIIHONM OJHOPOJHON cpexe, B
CIUTOLIHBIX CPelaX MOTYT PaCHpPOCTPAHATbCS TOIBKO MPOXOIbHBIC
konmeOaHus THNa 3BYKA, PACIPOCTPAHSIOLIEIOCS B BO3AYXE.
[Tonepeunbic ke BOTHBI, B KOTOPBIX OTKIOHEHHE OT PABHOBECHOTO
MOJIOXKEHUS TICPIICHANKY/SIPHO HAIMPABICHUIO PACIPOCTPAHEHUS, 3TO
TaKk Ha3biBacMbIC BONMHBI Pemes, pacnpocTpaHSIOIIUECS TOIBKO B
npenenax 4-5 MEeXXMOIEKYIIPHBIX IPOMEXYTKOB CPEIBI.

ITO MPOHMCXOANUT MOTOMY, YTO ITFOOOC BO3MYIICHUE CPEIBI €CTh
MECTHOE H3MCHCHHE €€ IUIOTHOCTH, KOTOPOE PacHpOCTPaHICTC
BIONb BO3MYLICHUS, STO €CTh NEPBBIA 3BYK. B momepeunom ke
HATPaBICHUH MPOUCXOAUT TOJNBKO MOBOPOT MOICKY, JOMS SHEPTHUH,
3aTpayrBacMasi Ha 3TOT MOBOPOT, OTHOCHTEIBHO Maja, M 3Ta SHEPrusl
OBICTPO 3aTyXaeT.

ITomepeunpic BOMHBI CYIIECTBYIOT IPU BBIMOIHCHHH [JBYX
yciaoBuid. llepBoe ycmoBHe — 3TO CYIIECTBOBaHHWE TIPAAMCHTA
IUIOTHOCTH, HAOpuUMEp, NpU HAIHMYHM JBYX CpPEX C pasHoi
IJIOTHOCTBIO, KOTAa MMEETCS YETKas TPaHHLA WX pa3lera, HampuMmep,
CTPYHa M BO3AYX, MEMOpaHa u BO3IYyX, IOBEPXHOCTh BOABI M BO3AYX U
T.IL. Bropoe ycmoBue — Hamuune TOTCHUMAIBHON — CHITHL,
BOCCTAHABIHBAIOWICH PAaBHOBECHE MPH €r0 HAPYIICHHH. JTO CHIIBI
VOPYTOCTH CTPYHBI WM MEMOpaHbl MM CHJA TSDKECTH IS BOTHOM
MOBEPXHOCTH. Hu4ero 3Toro B CIUIOMIHOH cpexe HET, MO3TOMY M
BOJTHBI TIOMEPEYHOrO THIA B CIUIOIIHBIX CPEAax CYIIECTBOBATh HE
MOT'YT.

Yro ke TOorAa MpeACTaBIIIOT COOOM ICKTPOMATHUTHBIC «BOTHBI
U CBET, KOTOPBIC NPOSBISIOT BCE H3BCCTHBHIC HBIHEC BOJHOBBIC
CBOICTBA, B TOM 4YHCJIC MHTEPEPEHUUIO — CIOKEHHE KoneOaHuil u
Judpakuuo — OTKIOHEHHEe B cropoHy Tern? C >TUM Hamo
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pasbupatbcs. Moker OBITh, CYLIECTBYIOT HWHBIC CTPYKTYPBI, HE
MOTCPCYHBIC BOJIHBI, KOTOPHIC B SIBJACHUAX WHTCpPECPCHUMH U
qudpakiuy TPOSIBISIOT CceOs Tak ke, Kak u BOJHBI? Beap atm
CTPYKTYPBl HHKTO HE WCKaJ, IOCKOJABKY B 3TOM HE OBLIO
HeoOxoammoct. Ho Torga W BO3HUKIM BCSIKHEC TPYAHOCTH THIIA
(u3ruecKoro OOBSCHEHHUS «KOPITYCKYJSIPHO-BOJTHOBOIO Ayaau3May,
KOTOPBIH, SIKOOBI, CBOWCTBCHCH TOJBKO SIBICHUSM MuKpomupa. Ho
ecnu Obl OBLIO Cpa3y y4YTCHO, YTO IMOMEPCUYHBIX BOJH B CPEAax HE
MO3KET CYIIECTBOBATh, TO M MOUCKH YBCHUYAUCH OBl YCIIEXOM PaHBIIIC.

CyIIecTBYIOT €I TaK HA3BIBAEMBIC «TEMIICPATYPHBIC BOJHBIY.
Takue BOTHBI TOSABIAIOTCS TOABKO B lemmu-3 M TOMBKO OpH
TeMrepatypax, Ofu3kux K aOCONIOTHOMY HY/IK, VK€ 0OpHU
temmeparype 2,7° K onu mcuesaror. OQHAKO TO O3HAYACT, YTO ITH
«TEMIICPATYPHBIC BOHBDY HE BOJIHBI, 4 KAKUE-TO IPYTUE CTPYKTYPHI,
C KOTOPBIMH TOXKE AABHO ITOpa pa3o0parbesl.

Ceer, kak u 5r000¢ (DU3UYCCKOC SIBJICHHUE, HEC MOXKET OBITH
a0CONFOTHBIM 3TAJIOHOM HU B OJHOM U3 CBOHX CBOWCTB, B TOM YHUCIIC B
CBOMX CIICKTPAIBHBIX XaPAKTCPUCTHKAX H B MPSMOJUHCHHOCTH
pacnpoctpancHus. Ha cBET OKa3bIBAIOT BIMSHUC BCE CYIICCTBYIOLINC
B MUPE TeNa U (PU3UUCCKUE SIBICHUS, U BO3MOKHOCTh MPCHEOPEIKEHUS
STUMU BIMSHUASIMU 3aBUCUT OT TOTO, KAKOBBI YCJIOBHS MOCTABJICHHON
3aMa4Yd U C KaKOW CTCICHBID TOYHOCTH 3Ty 33434y HYKHO PEIIATh.
3apanee u 1 BCEX CIy4acB KU3HU 3TO ONPEACIUTD HETb3SI.

Kpome ToOro, HyKHO MOMHHTh, 4YTO JtO0OW (usuuecKuit
9KCIICPUMEHT CTABUT CBOCH IICIBI0 HANTH 3aBUCHMOCTH OJHHX
(pU3MYUCCKUX BEIWUYMH OT JPYTUX, W BCErAd, KOHEYHO, YHCTO
MaTEeMAaTHYCCKH, MOJKHO apryMCHT U (DYHKIHMIO MOMCHSITh MCCTAMH,
YTO O3HAYACT MOMCHSITh MECTAMHU MPUYHMHY U CIACACTBUE, U HE BCErAa
3T0 Aenactcs KOppekTHO. HykHO Tak:ke MMETh B BHAY, YTO JHOOOM
(bakT MOXKET TPAKTOBATHCS OCCUMCIICHHBIM MHOKECTBOM CIIOCOOOB, U
BBIOOP TOW MK MHOH TPAKTOBKHU 3aBUCHUT OT MHOTHMX (DaKTOPOB, YaCTO
HOCSIIUX CYOBCKTUBHBIN U PEAB3ATHINA Xapaktep. Bee 3T0 oTHOCHTCS
U K CBETOBBIM SIBJICHUSIM.

UssectHoe sBienue «KpacHOro CMEIICHHUS» CICKTPOB CBETa
JAJCKUX TajJakTHK CEroAHs BCceMH  (U3MKAMU  OXHO3HAYHO
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HCTOJIKOBBIBACTCA KaK CBUACTC/IIBCTBO PACIIUPCHUSA IIPOCTPAHCTBA U
«pa3deraHus rajakTHK, YTO B CBOK OYCPEIb «CBHUICTCIBCTBYET» O
CYLISCTBOBAHMS «HAuYaga» U «POXKIACHUA» BcemeHHOW u3 HEKoeh
«CHHTYJSIPDHOH» TOYKH, COCPEIOTOYHMBIICH B cebe BCHO Maccy
Oyayuicit BeeneHHOM, KoTopast BAPYT B30pBaiach U, TCM CaMbIM, Jana
Ha4aja0 poxKICHUIO BeeneHHOM.

Mexay TeMm, 3TO K€ SBICHHE MOXCET BIIOJHE 3aKOHHO
HCTOIIKOBBIBATHCSI KaK TOTEPsl SHEpruu ()OTOHAMHU CBETa NHPU HX
pacmpocTpaHeHMH B MHpPOBOM  mpocTpaHctBe. Ha  Ttakyro
BO3MOKHOCTh oOpamnan Baumanue euie Jlx.J[x. Tomcon. Mmenno
TAKOW TOYKU 3PCHUS MPHICPKUBACTCSA M aBTOP HACTOSINCH PaOOTHL.
Ho ecnmu 310 Ae#cTBUTENBHO Tak, TO HU O KAaKOM PaCIIUPCHHH
MPOCTPAHCTBA, pa30eraHiy TajJakTUK U «Havane» BceneHHOW u peun
6I:ITL HC MOXCET, HO TOraa M BCA KOCMOJOTHs 1 KOCMOTOHHA AOJIKHBI
CTPOUTBCS COBCEM MO-IPYroMY, HE TaK, Kak ceifuac.

Uro kacaercsi MpsSIMOJTMHEHHOCTH PACHPOCTPAHCHHS CBETA, TO H
30€Ch UMEET MECTO HEKOTOPOE HEAOpaA3yMEHHC.

OtkiioneHue cBeta OT 3Be3q BOmu3u CoNHIIA B COOTBETCTBUU C
TCOpHEH  OTHOCHTENBHOCTH  JWHINTEHHA  TpPaKTyeTcs,  Kak
HCKpHUBJIEHNE mpocTpaHcTBa. Mexay Tem, nmo HeioToHy 3TO sBIEHNE
OOBSCHSICTCS KaK CICACTBUE IPABHTALIIOHHOTO MPHUTSHKEHUS (DOTOHOB
mpu obaere ConHLA, a SKCIICPUMEHTHI, MPOBEACHHBIC HECKOIbKUMU
HCCIICIOBATCISIMU B LICISIX YCTAHOBJICHHS HCTHUHBI, HA CaMOM Jeie
HUKaK HE NOATBEPAWIN SUHIITEHHOBCKYIO TEOPHIO, HECMOTPS Ha BCE
VBEPCHHS aBTOPOB: PE3yJIbTATHl IKCIECPUMEHTOB OKA3alIUCh ropaslao
6.]'II/I>K€ K HBIOTOHOBCKHUM, MHOTHEC (I)aKTOpr, BIINAOIMNUE Ha
pe3ynbTaThl, YYTCHBI HE ObLIH, 0OpaboTka K€ Pe3yNbTaTOB BENach
TakK, 4TO IPSIMO HaABOAUT HA MBIC/IIb O MOATACOBKC AAHHBIX B LICIAX
COOTBETCTBHMH TCOPUH OTHOcHTENnbHOCTH. Ha camom aerne, HU 0 kakoM
CUCKPUBJICHUU TPOCTPAHCTBA» BOO6H.[C HUTAC U HUKOraga HE MOXKET
UATH U PEUYM, MOCKONBKY MHPOCTPAHCTBO — 3TO OOIIAas KaTeropws,
KOTOpad HC MOXCT 3aBUCCTh HU OT KAKOro 4YacTHOITO ABJICHHA, B
YKa3aHHOM 3KCIICPUMCHTC PCUb MOXKCT UATHU TOJIBKO 06 HUCKPUBJICHUN
Jyda CBCTa TII0Q BO3I[CI>'ICTBHCM TpaBUTAIUOHHOTO MPUTSKCHUA
Conna.
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Takum oOpazoM, K HEKOTOPBIM AacCIEKTaM COBPEMCHHOU
TCOpEeTUUCCKON ((PU3MIECKOM) ONTUKH HEOOXOOUMO BEPHYTBCS B
LETIX, MPEKAE BCEro, YCTAHOBICHUS (PU3MUECKOH CYITHOCTH CaMOro
CBETa, a TAKKE BCEX M3BECTHBIX CBETOBBIX SBICHUHA M IEPECMOTpa
TPAKTOBKH PE3yIbTATOB HEKOTOPBIX SKCIIEPUMEHTOB. OT 3TOro MOXKET
CYLICCTBCHHO 3aBHCETh HE TOIBKO PA3BUTHE CAMOU ONTHKH, HO U psiaa
Jpyrux  obmacTed  €CTECTBO3HAHMS,  KOTOPHIE  HCIOJNB3YIOT
MPEACTABICHUS O CYLTHOCTH CBETOBBIX SIBJICHUH.
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nmaBa 1. Uctopua oTKpbITUSA ONTUYECKNX
ABIEHUN

... HBIOTOH oT1aBajI Ipe/riouTeHre KOPITYCKYISIPHOM TEOpUH CBeTa,
CUMTAsI €r0 IIOTOKOM YacTHII. ... [ JOTeHC Mmofiaral, 4To CBeTOBOE

BO30YKJICHIE €CTh UMITYTIbChI YIIPYTHX KoJIeGaHuit ddupa.
AM.FBonu-Epyesuu [1]

1.1. KpaTkas uctopusi onTuku

Ontrka — oJHAa W3 JAPEBHEHIIMX HAyK, TECHO CBSI3aHHAs C
MOTPEOHOCTSMU TPAKTHKH HA BCEX OTamaxXx CBOETO0 Pa3BUTHAL
[IpsiMomuHEHHOCT pacpocTpaHeHHs cBeTa ObLIa M3BECTHA HE MCHEE
YeM 3a 5 ThIC. JIET A0 H. 3. U ucnoab3oBanack B [lpesnem Erunte npn
cTpoutenbHBIX paborax. Hanm cymectBom onTHdeckux —sIBICHHN
pasMbIILISUIE  APUCTOTENb, IT1aTomn, EBxmg, ITronemeii.
CyiecTBeHHBIN BKIIAJ B Pa3BUTHC ONITUKY BHEC apaOckuii yueHsiin X1
cronetust M6H anmp-Xaticam [2, 3]. TouHble 3aKOHBI MPEIOMICHUS
ycranoBiieHsl B 1620 r. Cnemmuycom u [exaptom [3, 4]; audpaxius
u uHTepdepeHurs cBeta OTKPhITH | 'puManpau (mybnukamms 1665),
JIBOMHOE aydenpenomicHue  OTkpeito  baprmuaeim - (1669).
HanpHelinee pa3BUTHE ONTUKU CBsi3aHO ¢ uMeHamu HetotoHa, ['yka n
I'roiirenca [5-7].

IlepBbic BEICKA3bIBaHHS O NPHUPOAE CBETAa OBIIM  CACTAHBI
apeBHuMu rpekamu u eruntsauHavu [[omkacs H.M. Ontuka. M.:
«Beoicmas mkona», 1977]. CoraacHO OJHOW M3 3THX TCOPHIA, CBET,
MOJOOHO TEYCHHUIO BOABI W3 TPYOBbI, BBIXOAMT M3 TIJa3 4YEIOBCKA,
Omaromaps 4eMy MBI ¥ BUIMM OKPY KAFOIIUI MUD.

Cornacao Ilugaropy (450 mer a0 H.3.), Teaa CTAHOBSTCS
BHIVMBIMU Onarojaps MOMaJaHuI0 B IIa3 YacTHUL, BBIJICTAOIIUX H3
ten. Dtu uactuisl Jemokpur (460-370 net 10 H.3.) Ha3Bal aTOMaMHU.
ITonoOHBIE OOragkd  OTHOCHTEIBHO HPUPOABI  CBETA  IOBLIH
ompoBeprayThl  Apuctotenem. CormacHo  ApHCTOTENIO,  CBET,
IIepeaaBasCh Yepe3 MOCPEACTBO MPO3PAYHON CPEIBI, PACIIONOKEHHON
MEKAY OOBEKTAaMH U TIa30M, BBI3BIBACT 3PUTCIBHOC AciicTBHE. JTa



240 I'nasa 1.

uaes Apucrorens kak Obl MOJIOXKHIA HAYATIO O CBETOHOCHOHU cpene —
aupe.

B 17 B. Kemep BBICKa3asm cBOE MPEANOIOKEHHE OTHOCHUTEIHHO
mpuponsl cBera. CormacHo Kemepy, cBer mpeactaBmseT coOoit
YaCTULBI, H3IyYacMbIC BELIECTBOM — HCTOuHUKOM. OH cumTan
pacnpocTpaHEHUE CBETA MIHOBEHHBIM IPOLIECCOM.

ITocnenoBarenpHass Teopus O MPHUPOAE CBETa Obla BBIIBUHYTA
HeroronoM.

Ha Boz3penusx M.HprotoHa crieayer OCTaHOBHUTHCS MOAPOOHEE,
nbo nmenno HeroroH ymenun mpoOneme ycrtpoiictBa 3¢dupa u ero
POIM B ONTHYCCKUX SIBICHHUSX BecbMa Oojbinoe BHUMaHuE [8].
N.HpioTOH yCTaHOBHIJI CICAYIOIINEC HE3ABUCHUMBIC «H3HAYATIBHBIC»
CBOICTBA CBETOBBIX Jy4ei: IPSIMOIUHEHHOCTb, IOJYMHEHHOCTb
3aKOHAM  OTPaXXCHUS M  TPEIOMICHHS, CKOPOCTb, ILIBETOBYIO
HEM3MEHHOCTb ITPOCTOrO CBETA, Er0 MEPUOIUIHOCTD («IIONEPEMECHHBIC
MPHUCTYIBl  JIETKOTO OTPKEHUS M JIETKOTO  IPEIOMIICHUSD)),
nossipusaro u audpaximro. Takoe oOnnme «IIPUHIHIIOBY» 00paIano
ONTUKY B TPOMO3IKYIO, TPYAHO YCBOSEMYIO U HCIOHATHYIO HAYKY.
OrcyTcrBOBan OOIIMIT MPHHLMUIL, W3 KOTOPOrO BHITCKATU ObI BCE
HalICHHbIC N3HAYANbHBIC CBOMCTBA CBETA.

HeroTOH gomyckan BO3MOMKHOCTD BOJHOBOW HHTEPHPETALIUU
CBETOBBIX SIBJICHUI, HO OTIOaBal MNPEANOYTCHHE KOPITYCKYISIPHOH
KOHLICIILIMH, CYUTAsl CBET MOTOKOM YacTHUL, ACHCTBYIOIIUX Ha 3Hp U
BBI3BIBAIOIINX B HEM KomeOaHus. TpyAHOCTH, BO3ZHUKABIIKC B
BOITHOBOW TEOPUHM MpPH MOMNBITKAX OOBSCHUTH MPSIMOIHHEIHOE
pacnpocTpaHEHUE CBETA H SIBJICHUC MOMSIPH3aLny, kazamuch HeroTony
HACTOITBKO  CCPBE3HBIMH,  YTO  NOOYIWIM €0  Pa3BHTh
KOPIYCKYIIPHYEO TCOPUIO (MM TEOPUIO WCTCUCHUS), COTIIACHO
KOTOPOH CBET PACHpPOCTPAHSCTCS OT H3MYYAIOLWIEro TEna B BHIC
MEIbYANIINX YaCTHUIL.

BriepBhie MOHATHE O MOMSPU3ALUK CBETA OBIJIO BBEACHO B ONMTHKY
Heroronom B 1704-1706 rr., XoTs sBiCHUsS, OOYCIOBICHHBIC CIO,
M3y4anuch W paHee (OTKPBITHEC ABOHHOTO JYUYCHPEIOMIICHHS B
kpucrtamnax OJ.baprommHomMm B 1669 T. W ero TeopeTHYECKOE
paccmotpenue X.I'roiirencom B 1678-1690 rr.). Tlomspuzaums mo
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HeloToHy — «u3HauanpHOE» CBOWCTBO CBETa, OOBSACHIEMOE
OTIPEICNICHHON OpHEHTAIMEH CBETOBBIX YACTHI O OTHOLICHHIO K
o0pa3yeMoMy UMHU JIy4y.

I'umoteza >¢upa mosiesiercss y HeroToHa Boepesie B 1672 1. B
oTBETE Ha mojeMudeckme 3amedanws I'vka Ha «Teopuro csera m
useroB HetoToHa». CpaBHHMBasI SMUCCHOHHYIO H BOJTHOBYIO THIIOTE3bI
ceera, Heroron mumer: «Komebanus 3dupa omuHAKOBO MONE3HBI U
HY>XHBI U B TOH, U B Opyrod, W00 €CIH MBI IPHUMEM, YTO CBETOBBIC
JAYY9d COCTOSAT M3 MAJICHBKHX YACTHIL, BBIOPACBIBACMBIX IO BCEM
HATPAaBICHISIM CBETSIOUMCS TEIOM, TO 3TH YACTULbI, Momajgas Ha
MPETOMILIIOIINE HITH OTPRKAOLIHE IIOBEPXHOCTH, TOMKHBI BO3OYANUTH
B 3¢upe kojebaHUs CTOb KE HEU30SIKHO, KaK KaMCHb, OPOLICHHBIH B
Boxy». OaHaKo 310 TpeOOBAIO MOSICHEHUS CBOICTB 3(Hpa.

Heroron numer (Memyapst 1675 r.):

«[Ipeanonaraercs, YTo CyIIECTBYCT Hekas >(QupHas cperna, BO
MHOTOM HMEIOLIAsl TO K€ CTPOCHHUE, YTO U BO3AYX, HO 3HAYUTEIHHO
Oomee paspekeHHas, TOHKas W yopyras.  ...Hemp3s, oxHaxo,
MpeAnonarath, 4To 3Ta Cpela €CTh OJHOOOpa3Has Marepus: OHa
CKJIaJBIBACTCS YACTHEO M3 OCHOBHOTO, KOCHOTO Tela 3(upa, 4acTeio u3
Jpyrux 3(HUPHBIX CIMPUTYCOB, BO MHOTOM HOJAOOHO TOMY, KaK BO3AYX
claraercsi U3 KOCHOTO Tella BO3AYyXa, MEPEMEIIAHHOTO C Pa3IuIHbIMU
nmapaMy WM BBLABIXaHHAMH. B momb3y Takod pa3HOPOXHOCTH, MO-
BHIMMOMY, TOBOPST 31ACTHUCCKIEC U MATHUTHBIC UCTCUCHUS M HAYAIIO
TATOTCHUS.

«Sl mpeanonararo, — mumer Her0TOH, — 9TO, YAAPSICH O JKECTKYIO
CONPOTHBILIIOIIYIOCS 3(QUPHYI0 MOBEPXHOCTh (HA TPaHULE Cpex —
B.A.)), nyuu... BBI3bIBAIOT KOIEOAHWUS HA TOBEPXHOCTU. OTH
KoNeOaHusl PACHPOCTPAHSIOTCS BO BCE CTOPOHBI KaK B Pa3peyKCHHOMU,
Tak U B IUOTHOH cpeae. Kak konebGanus Bo3myxa, HMpOU3BOISIIKE
3BYK, OHH POXIAIOTCS OT YAapa U CHIIbHEE BCETO MPOJOIDKAIOTCS TaM,
rIC HAYaJIKCh, MOMEPEMEHHO CXKUMASI M paciuupsisi SQup B yKa3zaHHOU
(uznuecKoll MOBEPXHOCTH, OO M3 TEMiaa, MPOU3BOIUMOrO CBETOM B
TEmax, SIBCTBYET, YTO CBET MOXKET NPUBECTH YACTHIBI Telaa B
JBIDKCHHE M TeM 0OJee MOXKET HArPeTh W NMPHUBECTH B JBUKCHHE
6osee HexHbIN 3¢up. boree BeposTHO, UTO CBET COOOMLIACT ABHUKCHUC
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I‘py6I:IM qactTugaM TEjia HC HCIIOCPCACTBCHHO, a MOCPCACTBOM

s¢upar.
«Ecnu nyu ymapsiercst 0 CpeAy BO BpeMst OOIBIIOrO CXKATHS, —
paccyxgaer HpioToH, — TO, mpexmonararo s, MOBEPXHOCTb TOTJA

CIIMIIKOM IUTOTHA U JKECTKA, YTOOBI MPOIMYCTHTh Y4, OHA OTPa)KacT
ero. Ho nyun, yaapsromuecst 0 MOBEPXHOCTh B APYroe BpeMs, KOraa
OHA PACHIMPCHA B IMPOMEKYTKE MEKAY ABYMS KOJICOAHHSIMU, HIH HE
CIIMIIKOM CKaTa U CTYIICHA, MPOXOAIT HACKBO3b U MPEIOMIISFOTCSI.

HploToH  0OBsicHSeT  1BEeTa  TOHKUX  IUIACTUHOK U
UHTCP(EPCHIIMOHHBIC KOJbLIA TeM, YrOo OJ(QUPHBIE KOJcOAHUS
pacnpocTpaHsrorcs: ObIcTpee, 4eM CBET, UX BbI3BaBIIMH. «[Ipu Takom
MPEANONOXKEHNN, — MHIIET OH, — MPH MAJCHHHM CBETA HA TOHKYIO
IJICHKY WM IUIACTUHKY KaKOrO-HUOYAb MPO3PAvYHOrO TEda BOIHBHI,
BO30Y>KICHHBIC NMPOXOXKICHUEM CBETA 4Epe3 MEPBYIO MOBEPXHOCTS,
oOroHstoT Jay4yd oauH 3a apyruMm. Korma myd godaer g0 BTOpOi
MOBEPXHOCTH, TO BOIHBI 3aCTaBsAT €ro TaM OTPA3UThCI WM
MPETOMHTBCSI COOTBETCTBEHHO TOMY, Kakas YacTb BOJHBI OOTOHSCT
TaM JIyd4, CI'YIICHHAS HIIH Pa3peKkeHHAs. . »

Opnako B ganbHeiitneM HpIOTOH (akTHYECKH OTKA3aICs OT
TOTBITOK OOBSICHEHUSI OMUCAHUS ONTHYECKHUX SIBICHHA C MOMOLIbIO
s¢upa. Ecau B neppom uzaanmm «Ontukm» (1704 r.) a¢dup npocto
3amaramuBaeTcs, To B m3nannu 1706 roga oH pe3ko OTpHIAeTCs.

I'voiirenc, cnenyst naesm Jleonapao aa Bunun u passusas paboTsl
I'punanemn u I'yka, uwcxoaun W3 aHAJOTHHM MEXIY MHOTHMU
aKyCTHUCCKUMH M onTuueckuMu sBieHmsiMu. OH momaran, dYTo
CBETOBOC BO30YKICHHE €CTh UMITYJIBCHI YIIPYTUX KoneOaHuii a¢pupa.

Tepmun «monspuzanms ceeta» Obul mpegiokeH B 1808 r.
Imamocom. C ero umenem u ¢ umenamu JK.buo, O. ®penens,
H.Aparo, H.bproctepa u [gpyrux CBs3aHO HAYajO IIUPOKOTO
uccnenoBanus 3PPEKToB, B OCHOBE KOTOPHIX IICKUT MHOJSPHU3ALLS
ceera. CyInecTBEHHOE 3HAYCHHE TSl IOHUMAHUS MOSIPU3ALHH CBETA
uMeno ee mpossieHue B 3¢ dexre narepdepenuun ceera. IMeHHO TOT
(akT, YTO ABa CBETOBBIX Jy4ad, JHHCHHO MOJNSPH30BAHHBIX, IOX
MOpsIMBIM ~ YIJIOM  APYr K JOPYry HE HUHTEPEPHUPYIOT, SBHICS
pelIaroyM  JOKa3aTelbCTBOM  IMOMEPEYHOCTH CBETOBBIX  BOJH.
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Paborer FOnra, ®@penens u Aparo (1816—1819) B 3TOM HampasieHUU
omnpeenuiy nodeay BOTHOBOU TCOPHUH.

Tem Bpemenem B paborax I1.C.Jlanmaca u JXK.b.buo pa3zsusanace
Janee KOPHYCKyIsApHas Teopus. Ee CTOPOHHHMKH MpeIToKUIH
cunTaTh OOBSCHEHWE SBICHHS AUQPAKIMU JOCTOHHBIM TPEMHH,
yupexnaeHHoii Ha 1818 r. Ilapmwxckoit Axamemmern nayk. Ho sta
npemus Obina mpucyxacHa A.JK.dpenento, nccnenoBanus KOTOPOro
OCHOBBIBATUCH HA BOJTHOBOH TCOPHH.

B stoMm ke rony @peHenp 3aHsICA BechbMa BaXKHOH mpoOnemoit
BIISIHUSL [JBWDKCHHS 3E€MIIM Ha pACHpOCTpaHCHHE cBeta. Aparo
9KCIICPUMCHTAIPHO OOHAPYKUJI, 4YTO, MOMHUMO abepparuu, HET
pasnu4Ms MEXIY CBETOM OT 3BE3[I M CBETOM OT 3EMHBIX HCTOYHHUKOB.
Ha ocHoBanum 3tux HaOmogcHuit ®peHenp co3mgan TEOPHUIO O
YaCTUYHOM VBJICUCHHH CBETOBOTO 3(Hpa ABMKYIIUMHUCS TEIaMH,
KoTopast Obuta moxaTBepxkacHa B 1851 r. mpsMBIMH H3MEPEHUSIMHU
AN.JL.®u3zo0. Bmecte ¢ Aparo ®@penens ucciiegoBan HHTSPHEPEHIUIO
MOJSIPU30BAHHBIX ~ JIyded cBeTa M OOHApyXWwji, 4YTO JIy4H,
MOJSIPU30BAHHBIC BO B3aUMHO TEPICHIUKYISIPHBIX IUIOCKOCTIX,
HUKOTAa HEe UHTEpPepupyroT. ITOT (aKT HEMb3sl OBIIO COrNIACOBATH C
OOIICPUHATHIM TOTAA MPEIIONIOKCHHEM O MPOAOIBHOCTH CBETOBBIX
BonH. fOHT, y3HaBIMit 00 3TOM OTKPHITHH OT Aparo, Hallen pa3raiky
BO3HHKILECTO MPOTHBOPEUHS, IPEAMONIOKUB, YTO CBETOBBIC KOICOAHNS
TIOTICPCHHEL.

[Monsgpusanmss  ceera  Hamwa  OOBSICHEHHE B TpyZAax
Jx.Maxkcsenma. Jlx.MakcBemioM mOKa3aHO, YTO CBET MPEACTABIICT
co0oii He ynpyrue koneOaHus, a MEKTPOMArHUTHbIC BOMHEL. Jlpyae,
I'enpmroneuem u JlopeHLieM MpH MOCTPOCHHM 3NEKTPOHHOW TEOPUHU
BelecTBA OBLIM  OOBCAMHEHBI HMOEH 00 OCHWLIATOpPaX u
3neKTpoMarHuTHas teopus ceera [9—11]. B sto ke BpeMs psaom
uccrnenoBarencii OblIM  MPEANPHUHATEL Pa3HOOOpa3Hbic W BEChMa
MHOTOYHUCIICHHBIC TIOMBITKH OOBSCHEHUS onTuueckux 3ddexron
MyTEM KOHCTPYHPOBaHUs Ha 0a3e MPEION0KEHHI O CYLICCTBOBAHUN
B MPHPOAE MUPOBOI cpeabl — 3pupa, OJHAKO ITH MOMBITKU B CPEIHEM
VCIIEXOM HE YBCHYAIUCH: OOBSICHSSI OTHH SIBICHHS, BCC TCOPHH,
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MOJEIA U TUIOTE3bl 3(PUpa HATAIKUBAIUCH B APYTUX SIBICHUSX HA
HEMPEOIOTUMBIC TTPOTHUBOPCUUSL.

HccnenoBanuss ONTUYECKUX — SIBJICHUH MPOAOKAANCH U B
panpHeimeM. A.I'.CroneroB B  1888-1890 rr. oOHapyxun
doroadpdexr [12], KOTOpBIH BHOCACACTBUU OBLT  OOBSCHCH
QiinmTeliHoM Ha ocHOBE (oTonHbix mpeactasneHuii. [1.H.JIebeacs B
1899 r. orkpeum maeneHme cBera [13]. PasButme onmtmkm B XX
CTOJIETUM TECHO CBSI3aHO C KBAHTOBOM MEXAHUKOM M KBAaHTOBOM
snektpoxuHamukoit [14-17]. W xors ¢usmueckas CyIIHOCTb
ONTUYCCKUX SIBJICHUH Tak W HE MOJYYWIad YAOBJICTBOPUTCIHHOIO
OOBSICHCHHS, OBLJIO PEIICHO, YTO OOBSCHCHUE ONTHUYCCKUX SIBICHUUN
ViK€ HE HYKIACTCSA B THUIIOTE3¢ CYIICCTBOBaHUS 3(upa, UTO
JIOCTATOYHO MaTEMATUYCCKUX 3aKOHOB, OMUCHIBAIOIINX 3TU SIBJICHUSL.

Boppba Mexay KOPIyCKY/SIDHOW U BOJTHOBOW KOHLCHLIMCH
npogonkanace u B 20-m cromerun. [losBiicHIEe KBAaHTOBOI MEXaHUKH
paspemmio  CyUICCTBOBABINYIO  TOrga  MPOOIEMYy — HM3JIYUCHUS
a0CONFOTHO YEPHOr0 TejIa IMyTeM BBEACHHS MOCTYJIATA O AUCKPETHOM
M3MYyYCHUM O3HEPTUHU, MOPLUUKA KOTOPOH OBLIM ONpPEACICHBI KAk
(OTOHBEL. OHeprus ¢$oToHOB ObLna ITOCTYIINPOBAHA
MPOTOPIHOHAIBHON YACTOTE M3IYUCHUS B TICPBOM CTEICHU, T.C. KaK

E=ho,

rie h — mnocrosaHas Ilmanka. B 1924 r. I'yu ge bBpoiins
chopMyTUpOBad TOCTYJaT O KOPIYCKY/ISPHO-BOJTHOBOM TyalTU3Me
CBETa, B COOTBETCTBUU C KOTOPBIM HE TOJIBKO CBET, HO U JIFO0ast Macca
001a1aeT U KOPIYCKYISIPHBIMU, ¥ BOJTHOBBIMH CBOHCTBAMM, HPUUYCM,
ueM OOJTBIIIE Macca, TEM KOPOUe BOJHA U Bhilie Yactora. HecMmoTps Ha
MOJTHOC HCMOHUMAHHE (DU3UYCCKOH CYIMHOCTA 3TOrO, Takas
MOCTAHOBKA IOKa3ajach YIOBJIETBOPUTEIBHON, U OHA B HACTOSIIEE
BPEMsI CUMTAETCS OAHOM M3 OCHOB KBAHTOBOM MEXAHUKU.

Ha camom pgene  KOpIyCKYISPHO-BOJHOBBIM  CBOHCTBAMH
o0TamaroT MHOTHE SIBJICHHUS B Makpomupe. Hampumep, BoaHa kadaet
JOJKY, €CITH pa3MeEphl JOAKMA MEHbIIE JJIMHBI BOJIHBI, HO Ta K€ BOJIHA
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Ober 0 OopT KOpab/as Kak YaCTHIBI, CCIU JMHA Kopadss OoJbiie
JHBL BOTHbI. CyIIECTBYIOT U IPYTUE MPHUMEPEL.

B Hacrosmee BpemMs ONTHKY MPHHATO TOAPA3NETIATH Ha
TEOMETPUICCKYIO, (PU3MUCCKYIO M (PU3HOIOrMICCKYIO.

T'eomempuueckas onmuxa OCTaBIACT B CTOPOHE BOMPOC O
npupoac CBCTa, HUCcxXoaurT n3 OMITUPUICCKUX 3aKOHOB €ro
pacnpoCTpaHCHUST U UCTIONB3YET MPCACTABICHUS O CBETOBBIX JIyUax,
MPCIOMITAIOIIUXCS ¥ OTPAXKAFOIIUXCS HA TPAHMIAX CPET C Pa3HBIMU
OIITHYCCKNMHU CBOMCTBaMH n HpHMOJ’IHHCﬁHLIX B OIITHYCCKN
oaHOpoAHBIX cpeaax. Ee 3amada — maTemMaTHdecku MUCCICAOBATh X0
CBCTOBBIX JIy4CH B CPEAC C W3BCCTHOI 3aBUCHMOCTBIO IOKA3aTeIIs
MPCIOMIICHUSL CPEABl  OT KOOPAWHAT 0O, HAMPOTHB, HAWTH
OIITUYCCKUE CBOWMCTBA M (DOPMY TPO3PAUHBIX M OTPAXKAIOIIUX CPET,
IpU KOTOPBIX JIYUU HNPOXOZAT IO 3aJaHHOMY ITYTH. 3I[CCI: HHUKAaKHNX
NPUHIUITHATIBHBIX 3aMCUAHUM HETIO

Qu3suueckas onmuxa PacCMATPUBACT TPOOICMBI, CBA3AHHBIC C
MPHUPOJOHA CBETA M CBETOBBIX sBICHUI. OHa yTBEp)KIAET, YTO CBET
CCTh TIOICPCUYHBIC JSJICKTPOMATrHUTHBIC BOJIHBI, XOTSA IIPUPOAA ITUX
BOJH CHO HE paccMmarpuBactcs. Ee pasmenom sBISETCS BOIHOBAS
OIITHKA, MATCMATUYCCKAM OCHOBAHHUEM KOTOPOHM SBJISAIOTCS 0OIIMe

VpaBHEHHS  KIACCHYECKOH  JJIEKTPOAMHAMHUKH —  YPaBHEHHSA
Maxkcsenna.  CpoificTBa cpeapl IpH  3TOM  XapaKTEPHU3YIOTCS
MaKpPOCKOIHMYECKUMHU MaTepHaIbHBIMU KOHCTaHTaMHU -

I[HC-)J'IGKTpH‘ICCKOfI Y MAarHATHOH DPOHULACMOCTIMU, KOTOPBIC 1

OIPEACIAIOT MOKA3aTeb MpenoMiIcHus cpeasl N = ey,  dDaxtu-
YCCKU J3TO Ta KC TCOMCTPUUCCKASA OITUKA, HO 3ACCh BO3HHUKACT
mpobiieMa O (U3UYCCKON CYIIHOCTH CBETA, M HA 3TOT BOIIPOC OTBETA
Kak He OBIJIO, TAK U HET.

Qu3suonoeuveckass OnmMuxka, CMBIKAOMascs ¢ OWOGUIUKOH U
MICUXOJIOTUCH, UCCIIETYET 3PUTCIBHBIN aHAIN3ATOP OT Tjias3a J0 KO
rOJIOBHOrO MO3ra U MCXaHU3MBbI 3PCHUS. 3I[CCI: TAKXKC HCT HUKAKUX
OTBCTOB HA BOIIPOCHI O BSaHMOI[CfICTBHH CBCTa U BOCIHPUHUMAIOIIIUX
CBET PEIEIITOPOB.
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Hecmotps Ha mepedncieHHble HEAOCTATKH, BCE Pa3ieibl ONTHKH
MOAYYMIM  IOUPOKOE  mpaktuueckoe  mpuMeHeHue.  Co3naHbl
MHOTOYHMCICHHBIE ~ HCTOYHHMKH  OCBEIIEHHUS, OCHOBAaHHBIE  Ha
Pa3IHYHBIX JOCTIDKCHUSX (HU3HKH, HAYKA CBETOTEXHHKH YUUTHIBACT
3aKOHBI ONTHKH W  (Qusnonorun. ONTHYECKUE CHEKTPATbHBIC
HCCIICIOBAHMS TO3BONIMIM BO MHOTOM pa3o0paThCs CO CTPOCHHEM
BemectBa. Co3gaHbl MHOTOYMCIICHHBIC ONTHUYCCKUC MHPUOOPHI AT
CaMBbIX pa3TYHBIX e, HayuHAsA oT HUCCIICIOBAHUIA
MHKpPOCKOIIMYECKAX OpPTaHM3MOB M CTPOEHHS BEIECTBa 10
uccnenosanus Beenennoit. Takum 06pa3oM, JOCTHIKECHUS ONITUKA KaK
HayKH OrpoMHBI. M TIpr BceM 3TOM CYIMHOCTh ONTHYECKUX SIBJICHUN H
CaMoOro 3JIEMCHTAPHOTO HOCUTENs CBeTa — (DOTOHA MO-NPEKHEMY
OCTaeTCs HEU3BECTHOM. ..

Hecmotps Ha TO, 4YTO ONTHKA KMEET JABHIOKD HCTOPHIO, a
IIONBITKA ~ MPUMEHEHUS MAaTEMaTHYECKOro  ammapara  3JIeKTpo-
JUHAMUKY HAa4YaluCh Cpa3y »Ke MOocie omyOnukoBaHus MakcBenioM
CBOUX 3HAMECHHUTHIX YPABHCHUH, JOCTATOYHO OBICTPO OOHAPYKUIOCh U
HEKOTOPOE HECOOTBETCTBUE PACIPOCTPaHEHUS (OTOHA 3aKOHAM
Makxkcgemnna.

B cBomx paborax MakcBenn mokazam, YTO — CKOPOCTb
pacnpocTpaHeHus SJICKTPOMATHUTHBIX KONEOAHUH M CBETA OJHA U Ta
K€ M COCTaBIISIET:

c: 77
\/80;(0.

TAC & W Mo COOTBCTCTBCHHO MAWDIICKTPUUCCKAS W MAarHUTHAS
MPOHUIIACMOCTH BaKyyMa.

MMeHHO Ha STOM  OCHOBAaHMHM BCEMH  IMOCICIYIOLIIMHU
HCCACAOBATCISIMHU CACTAH BBIBOA O TOM, YTO CBCT M PAIAHO BOJHBI
MPEACTABNISIOT COOOH OJHO M TO K€ M OTAHYAKOTCA TOJBKO
JUAMA30HOM YaCTOT, TaK YTO CBET BK/IIOYCH B CAUHYIO TaOIUIy
YACTOT 3JICKTPOMATrHUTHBIX KOJICOaAHUI
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Hecmotps Ha TO YTO ONTHKA WMEET JABHIOKD HCTOPHIO, a
TTOTIBITKA TIPUMEHEHU MaTEMAaTHYECKOTO ammapara
SJCKTPOAMHAMUKH HAYalMCh Cpa3y >Ke TIOCNIE OIMyONHKOBaHHUS
MakcBemioM CBOMX 3HAMCHUTHIX YPaBHCHHH, JOCTATOYHO OBICTPO
OOHApPYXHUIIOCH M HEKOTOPOE HECOOTBETCTBHE PaCIPOCTPAHECHUS
¢orona 3akonam Makcsemna. Jlemo B TOM, 4TO 3aTyXaHHE CBETA B
MOTYIIpOBOAAIIEll cpede (MOPCKOH BOAE) OKA3aI0Ch IOTHOCTBIO HE
COOTBETCTBYIOIIUM 3aKOHY 3aTyXaHUs IJIOCKOH 3J1€KTPOMArHUTHOMU
BOJIHBI B TAKOU CpeJe.

Kak wm3BecTHO, mutockas 3MEKTPOMArHUTHAS BOJHA 3aTyXaeT B
MTOTYTIPOBOASINEH Cpene B COOTBETCTBHH € 3aKOHOM MakcBenia kak:

pottow
—)"r
2
H=H,e (1.1)

3nece H, — HAMPSLKEHHOCTh MATHUTHOTO IMOJISE HA MOBEPXHOCTH
pasmena cped, HampuMep Ha TIOBEPXHOCTH MOPCKOM BOIBI, U -
OTHOCUTCAbHAS MAarHUTHAS TMPOHUIACMOCTH  CPC.IBI; o -
MPOBOAMMOCTE cpeabl; @ = 2uf, f - wacrora 3mexTpOMarHUTHOM
BOJIHBL; I — pacCTOSHUE OT IMOBEPXHOCTH pa3ziena Cped,.

IIpakTrka OOHApyKHMBaeT MOIHOE MOATBEPIKICHUC YKa3aHHOMN
(dopMyBl  3aTyXaHUIO IUIOCKOW PaIMOBOIHBI B MOPCKOW Cpeac
MOJIHOE PACXOXKACHUE €€ C 3aTYXaHUEM CBETA B MPO3PAYHON MOPCKOU
Bozc. [Ipu mpoBogmmocTy MOpckoi BOABI 1 Om " v ! Ha wacrore 1
MIII TpakTHYECKM TONHOC 3aTyXaHHC SJICKTPOMATHUTHON BOJIHBI
MPOUCXOIUT Ha rIyOMHE B M. Y UHUTHIBAS, YTO

ri/ra = \(f/f) (1.2)
¥ YTO IS 3€JICHOTO CBETA JUTMHA BOJHBI COCTABIAET 5,6:107 M, uTO

14 o
cooTBercTByeTr dacrore 5:10 I'm, momywaem ams pacdeTHOH 1O
MakcBemny riryOuHY MPOHUKHOBSHUS CBETA B MOPCKYIO BOAY Kak.
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r=r, N (10%10") =107

U, TAKUM 00pa3oM, CBET JOJLKEH Obl MPOHUKATH HA IIyOuHY HE Ooiee
aem 3-10* M = 0,3 mv. BMecTo 3TOro, CBET MPOHMKACT Ha TTyOHHY
mopsiaka  150-200 M. Takum oOpazoMm, pacxoXKACHHUE TCOPUU C
MpakTHKOH 31ech cocrasszeT 500 Toic. pas!

Teopust 0OOBSCHSIET 3TO TEM, YTO MOPCKasl BOJA HA TAKHX YaCTOTaX
TEPSICT CBOKO MPOBOAMMOCTb, MPHUYUHBI 4Yero He oObscHsrorcs. Ha
caMOM Jelle 3TO JJIEMCHTAPHO OOBSCHSACTCS TEM, 4YTO CTPYKTypa
(¢oToHa HM B KOG MEpe HE COOTBETCTBYET CTPYKTYpPE ILTOCKOH
PaavOBOIHBEI M B YKAa3aHHBIX pPacyeTaxX IMOTHOCTHIO HCKIIOUCHBI IBa
BKHCHIINX MOMEHTa — MPONOPLUOHANPHOCTh JHEPrud (OTOHA
o0LIeMy 9ucity BUXpPE, 00pa3yroumx (GOTOH, U BHYTPCHHSS SHCPTHUs
Ka)KJI0r0 BUXpst (POTOHA.

JTO O3HAYaeT, YTO CBET W SJCKTPOMATHUTHBIC BOJIHBI — 3TO
Ka4eCTBCHHO pa3HbIc (PM3MYCCKUC SIBICHUS, M HENb3sl HA OCHOBAHHU
OJUHAKOBOCTH TONBKO OJHOTO MPH3HAKA — CKOPOCTH — JCTaTh BHIBOJ
00 UX TOXKICCTBE.

Takum 00pa3oM, HCCICAOBAHMS B YacTU BBISCHCHHS HPUPOIBI
CBETa HEOOXOAMMO MPOJOIIKATb.

1.2. UcTopus uamepeHnsi CKOpocTu ceeTa

IlepByro MOMBITKY ONPEACTUTh CKOPOCTh CBETA MYTEM HU3MCPCHUS
BPEMCHH TMPOXOKIACHHUS CBETa MOKIY [ABYMS MYHKTaAMH CACTIAI
lamuaneii. OH mocTaBuUiT ABYX YEI0BEK ¢ (POHAPSIMU, M 3T ONCPATOPHI
JOJDKHBI OBITM OTKPBIBATH U 3aKPHIBATh (POHAPH JTAJAOHBIO B MOMCHT
mony4ueHus curdana. OmbeIT HE YAANCS B CBSI3U ¢ HECOM3MEPHUMOCTHIO
M3MEPSICMBIX ~ MPOMEKYTKOB BPEMCHH M BPEMCHEM  PEaKIUU
OTICPaTOPOB.

B XVII Beke momeITka M3MEPUTH CKOPOCTh CBCTA YBCHUAIACH
ycnexom. B 1675 r. momomoli matuanwH Pemep 3aMeTHII, UYTO TCHB
oxHOM n3 jayH HOmnuTepa neproanyYecku MoSIBISIaCh HA TOBEPXHOCTH
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miaHeTsl Ha 16 MuHYT 36 CEKyH[I paHbIIEC, YeM NMpPU HAOMIOACHUH B
Jpyroe Bpemsi roza. Pemep pemmn, 4YTO NPUYMHON pa3HULBI BO
BPEMCHH SIBISICTCS TO OOCTOSTENBCTBO, YTO OAWH Pa3 B TOAY 3eMIIs
HaXomuTcs Ha Kpardaimem paccrosaun ot lOmutepa, a yepes mectsb
MECSLIEB — B MAKCHMAIBHOM yIaieHuH. PeMep momaran, 4To pazHHLa
B HECKOJBKO MHHYT paBHa BPEMCHH, B TCUCHHE KOTOPOTO CBET
repeceKaeT 3eMHyI0 opoury. Pasaenus 3To paccrosiHue Ha 16 MUHYT
36 cexyHa, oH momy4uni 186 TeICSY MUTIb B CEKYHAY.

Tompko uepe3 cTro cempaccaT Tpu roga, B 1849 romy, cramo
BO3MOYKHBIM M3MEPEHHE CKOPOCTH CBETA, MPOXOASLIETO MEXKIY ABYMS
TOYKAMK Ha MOBEpXHOCTH Jemun. BreiOpanau paccrostue B 10 Musb.
@paniy3ckuit  yueHslii DPH30 MOCTABIUI OKCIIEPUMEHT, TIOCHIIAs
HMIOYIbCHl CBETA HA VAAJICHHOE 3€pPKAlI0 M HU3MEpsisi Bpems,
TpeOyromeecs: Ha Bo3BpatucHue iyda. CBeT pa30HBajICsS HA UMITYTbCHI
cneayromuM oopazoM. JIyd mpoOXomun CKBO3b MPOMEKYTKH MEXIY
BBICTYIIAMH HAa OKPY>KHOCTH OBICTPO Bpamaromerocst aucka. llpum
JOCTaTOYHO OBICTPOM BpAIUICHHM AWUCKA UMIYJBC CBETA JOXOAMI IO
3epKaia W BO3Bpallaics OOpaTHO Kak pa3 3a TO BPEMs, B TCUCHHUE
KOTOPOro JHCK MOBOPAYMBAJICS Ha HEOONBIIOH Yrol — Ha LIMPUHY
OJHOTO MPOMEXKYTKa Mexay BeicTynamu. Ha ancke ®wuzo Opuio 720
BBICTYIIOB, U OH JAeian 25 000pOTOB B CEKYHAY. 3HAs pACCTOSHUE OT
HCTOYHUKA CBETa 0 3epkana u obpatHo, Du30 moacuura; cKOpoCTh
cBeta 1 moryami1 194 TBICSYN MILTB B CEKYHAY.

B 1862 r. ¢panuysckuii ¢puzuk Oyko peann3oBan BHICKA3aHHYIO
B 1838 r. mmero ®.Aparo, mpuMEHHB BMECTO 3yO4aToro Iucka
ObicTpoBpaaromeecs 3epkano. Orpaxkasch OT 3epkana, MydoK CBETa
Hampasisics Ha 6a3y W MO BO3BPAIUICHHM BHOBb NONMAJANl HAa TO JKE
3epKalio, YCIeBIIEe MOBEPHYTHCS HA MABIA YTOMN.

IIpu Gase Bcero B 20 m @Dyko Hamen, 4TO CKOPOCTh CBETA
cocrasisiet 298000 + 500 km/c.

HawubGonsimee passutue wmerox @Pyko goctur B paborax
A .Maiikenscona [18, 19].

IIpumepro wuepe3 20 mer, xorma MalkenbCOH mpemomaBal B
AmnHamosnuce, mpoOneMa HU3MEPEHHUS CKOPOCTH CBETa Mpuodpena
HOBOC 3HAYCHHUE. ChopmynuposanHas Makcaemiom
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3JICKTPOMArHUTHASI TCOPHS CBETA, C OMHON CTOPOHBI, YTBEPKAATA, UTO
CKOpPOCTh CBETa JOJDKHA OBITh MEHBIIE B BOAE, 4eM B Bozayxe. C
Jpyroi CTOPOHBI, U3 KOpOycKyIsipHOU Teopuu HproToHa cremosaro,
YTO CKOPOCTh CBETa B BOAE Oojbime, YyeM B Bo3ayxe. B 60-¢ u 70-¢
rogel XIX Beka BBISICHCHHE 3TOTO MPOTHBOPCYHS CTAIO HaWOOIee
aKkTyalbHBIM uccienoBanueM B ¢usuke. Hayke nHeoOxomum Obit
Croco0 TOYHOTO U3MEPEHUSI CKOPOCTH CBETA B JIFOOOM CPEAC.

Maiikenscon roeopmir:  «ToT ¢akT, HYTO CKOPOCTh CBETa
HCIIOCTMKUMA I YCJIOBCUCCKOI0 MPCACTABJICHUA U, C I[pyl"Oﬁ
CTOpPOHBI, CyLICCTBOBAHUC HpHHHHHHaJ’IBHOﬁ BO3MOXXHOCTH €c
U3MEPEHUS C YPE3BBIUANHON TOYHOCTBIO, ACIAIOT 3Ty 3aJady OFHOU
U3 CaMbIX YBJICKATCJIbHBIX HpO6J’I€M, KOI‘I[a-J'II/I6O CTOABLINX TICPCH
HCCIICIOBATEIICM.

3HaHWE CKOPOCTU CBETa OBLIO BAXKHO TAKKE IS MHOTHX
aCTpOHOMHUYECKUX NpobieM Hasurawn. KoHrpecce BeIIETUN CpeacTBa
M3BECTHOMY aMepukaHckoMy actpoHomy Caiimony Hpro-koMOy mist
paboter Hang 3Tol mpobaemoii. B 1877 roay roHBIA Mamiimin
nerireHaHT MalikenbCOH HEOKMIAHHO MPUAYMal METOJ H3MEPEHHS
CKOPOCTH CBETA C MOMOIIBIO pocTeinero anmnapara. Pe3yasrartel ero
paboTel ObUTM ONMyOMMKOBaHBEI B JKypHane «AMepuksH JhxopHan od
CatieHc» 1IecTh MECALICB cmycTs, B Mac 1878 rozaa.

B 1o nero Tecte MaiikenbcoHa mam eMy 2 TBICSYH JOJLIAPOB HA
ycoBeplieHcTBOBaHHUE anmnapara. [IyTe my4a Obln yBemuueH Oomnee uem
B 30 pa3 u moBemeH g0 700 METpPOB, CMCIICHHE H300PasKCHUS
paBHsI0CH 13,3 caHTHMETpPA BMECTO ABYX. MaKCBENT MPEICKa3bIBAI,
9TO CKOPOCTh CBETa MODKHA PaBHATHCS 300 THICSYaAM KHIIOMETPOB B
cekyHny. Pesymprar Maiikenscona cocraBman 299895 + 30
KHJIOMETPOB B cekyHAy. OH nmoaTeepaunn npeamnonoxenue Makcsemnna
C TOYHOCTBIO 10 OJHOH ACCATUTBICSIHOM.

B TcucHme Bceit cBocH km3HM MaWKETBCOH ITOCTOSHHO
BO3BpALIANCSI K OSTOMY H3MCEPCHHIO, MBITA’ICh OCCUMCICHHBIMU
crocobamu emie 0onee yrouHuTh pe3yiabrar. B 1926 roay, koraa emy
OBLIO CEMBICCAT YCTHIPE F0JA, OH MMPUMCHHI CHCTEMY, B KOTOPOH Ty
CBETa TNOCHUIAJCS C BEpIIMHBI Topbl Bunbcon Ha Bepumuny Can-
AHTOHMO, TO eCThb HA 22 Muau u 00patHO. Bpamaromeecs 3epkajio
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OBLITIO M3rOTOBJICHO C YPE3BBIYANHOI TOYHOCTBIO, 1 OHO MPUBOIAMIOCH
B JBIDKCHHE CIICLUANBHO pa3paboTaHHBIM YCTPOHCTBOM. MaiikenbcoH
MOATBEPANI PE3YJIBTAT CBOUX MPEIABLAYIINX U3MEPCHHH.

HBa roga cmycts, B 1928 roxy, B BO3pacTe CEMHUACCITH IICCTH
aer, MalKkeabCOH MOIYyINI CPEACTBA AT M3MEPEHHUS CKOPOCTH CBETA
B Bakyyme. JleHbru Ha 310 emy aamu obcepsaropus MayHT-BuiibcoH,
Uukarckuii yausepcutet, pona Pokdennepa n kopnoparms Kaprern.
Accucrenramu  Matikenscona Obuin @I Iluz u @. Ilupcosn.
Corpynuuku beperosoit reoaesmueckoit ciyxk0Obr  CoeTUHEHHBIX
IMItaToB pa3MeTUNM W BBIMEPHIN PACCTOSHHUE [UIS TPOMATHOTO
nmpubopa Ha paH4yo IpBUH. Bakyym mpeamonaranocs co3aate B TpyOe
13 ropHUpOBAHHOTO CTATBHOrO MpPOKATA IJIMHOW MOYTH B MUIIO.
Tpyba nmena 3 ¢yta B tuameTpe U JOCTABISIACH HA MECTO ombiTa 60-
(yTOBBIMH CEKLIHSMHU.

ITocpencTBOM MHOTOKPAaTHOTO OTPa)KEHUSI CBET JOJDKEH OBLT
MPOXOJNUTh PACCTOSHUE B 8 MHJb, BBIMCPECHHOEC C TOYHOCTBIO IO
OmHONH MWITHOHHOW. Bo Bcel cucTeme c030aBalloch Pas3peikKCHHUC,
PaBHOC OTHOW TMOIYTOPATHICIYHON YAaCTU 3EMHOH aTMOChEepHl.
BrikaunBanme Bo3xyxa npogospkanocs 48 dacos. Bee Bpems To oxHa,
TO Apyras 4YacTh BBIXOJHMIA M3 CTPOs, BaKyyM Hapyllancs, ¥ Bce
MPUXOANIOCh HAYMHATh CHOBA.

Ecmu nmepBeiit npubop B Annamomnvce croun 10 gommapos, To 3Ta
cucremMa obomnace B 50 ThICSM AOMIapoB. JTO OB  caMbIi
rpaHano3Hblid mpoekT Maiikenbcona. B To Bpems kak mma paGoTa,
3I0POBBE €0 Hadasro craBarh. [IMpcoH mpomssen HEMOCPEACTBEHHBIE
M3MEpEHMS 0], pYKOBOACTBOM MalkembcoHa.

B 1930 romy Oblm mpowsBeacHsl coTHH HabmromeHwid. Bcero
OBLIO TMOCTaBICHO MOYTH 3 ThICSYM OMBITOB. CKOPOCTh CBETa B
BAaKyyMC oOKaszajgach paBHOW B cpeaHem 299774 xkumomerpam B
cekyany. Hayunas crates, HanmcaHHas MalikeIbCOHOM TmEpe]
CMEpThIO, Ha3blBAlACh TOYHO TaK e, Kak M ero mepsas pabora,
HarncuatanHas B 1878 roxy B Annamomuce «O meroae usmepeHus
CKOpPOCTH CBETa».

Hsmepenns ckopocTtu cBeta B 19 B. HE TOJIBKO BBHITIOTHIUIA CBOIO
HEMOCPEACTBCHHYIO 3aJa4y, HO U CBHITPAIU YPE3BBIYANHO OOIBIIYIO
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ponp B ¢Qusuke. OHH JOMOTHUTENBHO TOATBEPAMIN BEPCHIO O
BOJIHOBOM IIPUPOAE CBETa U O TECHOM CBA3M ONTUKH C TEOPUEU
snekTpoMarHeTn3ma. M3MmepeHHas CKOpPOCTh CBETa COBHAla CO
CKOpPOCTBIO 3JIEKTPOMATHUTHBIX BOJH, BBIYMCICHHONH W3 OTHOIIECHUS
3JEKTPOMATHUTHOH U 3IEKTPOCTATUYCCKON CHUCTEM CAWHUL] (OIBITHI
B.Be6epa u ®@.Konbpayina B 1856 r. u mocaenyrommue 00jiee TOYHBIC
mmepenns [[x.K.Makcsemna).

B coBpeMEHHBIX H3MEPEHHS CKOPOCTH CBETa HCIONb3YETCs
MOJCPHHU3HpOBaHHbEIA MeTo Du3o ¢ 3ameHON 3yOdaToro koieca Ha
HAa 3JICKTPOONTHYECCKUHN, JU(PPAKIHMOHHBIA, HHTEPPEPECHLMOHHBINA 1IN
KaKOH-THO0 WHOU MOIYJIATOP CBETA, MOJHOCTBIO MPEPHIBAOLINN UIN
ocnaOmsromuii  cBeToBOi my4ok. [lpumeHenme nasepa B KadecTse
HCTOYHHKA CBeTa, YJIBTPa3BYKOBOTO MOZYJIATOpa co
CTaOMIN3UPOBAHHOW YAaCTOTOW M TMOBBILICGHUE TOYHOCTH H3MEPEHUS
JUIMHBL 0a3pl TO3BOJMIM CHH3UTh MOTPEINHOCTH H3MEPCHUS U
MOJIyYUTh 3HAYCHUE CKOPOCTH cBeTa ¢ = 299792,5 £ 0,15 km/c.

ITomrMo mpsAMBEIX HM3MEPEHHIT CKOPOCTH CBETa IO BPEMEHH
MPOXOXKACHHUS HM3BECTHOH 0a3bl IMUPOKO MPHUMEHSIOTCS KOCBCHHBIC
METOBI, JAFOIIHE eue OOMbINYIO0 TOYHOCTb.

K nacrosmemy Bpemenu pemenneM XII I'enepanbroil accambnen
MexaynapogHoro coroza paauocssizu  (1957) npuHsATO CUUTATH
CKOpPOCTh CBSI3U B Bakyyme paBuoiu 299792 + 0,4 km/c, HO b1 1972 1.
aMepUKaHCKui y4yeHbli CTHUBCHCOH C TOMOIIBIO KPHIITOHOBOTO
CTaHAapTa YaCTOTHI ONPEACTII CKOPOCTh CBETA M IOIYIIUT 3HAUCHNE
B 199792456,2 + 0,8 m/c, mO3TOMY BO3MOKEH MEPECMOTP 3HAUCHUS
CKOpPOCTH CBETa, 3aJI0’KEHHOTO B CTAHIAPTAX.

3HaHWE TOYHOW BENUYMHBI CKOPOCTH CBETa HMeEET OOonbInoe
MMPAKTHYECKOE 3HAUEHUE, B YACTHOCTH B CBI3M C OIPEICICHUEM
pacCTOSIHMIT 1O BPEMEHH TNPOXOXKICHHS paavio- WIN CBETOBBIX
CHUTHAJIOB B PaAHOIOKAIINH, ONTHUECKON JTOKAIMHA U JATbHOMETPHU.
OcoOeHHO IIUPOKO BTOT METOJ HPUMEHSCTCS B TEOJC3UU U B
CHCTEMAaxX M B CHCTEMAax CIIEKEHH 32 MCKYCCTBEHHBIMU CIIyTHHKAMHU
3emnu. OH UCTIONB30BAH TSI TOYHOTO H3MEPCHHS PACCTOSHHS MEXIY
3emunelt u JIyHOH 1 [uis1 perueHus psiga Ipyrux 3aaad.
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He nMes HuIKakixX 3aMcHaHUN B aIpec MCCICIOBATEICH CKOPOCTH
CBETAa KaK OJHOr0 W3 BAXKHBIX (DHU3UYCCKUX SIBJICHUH, CIACAYCT
BBIPA3UTh IIOJHOE HECOTIACHEC C COBPEMEHHOU  (hHU3MUCCKOM
«Teopuei», OOBSIBUBIICH CKOPOCTh CBETA MPEACTBHON A JIFOOBIX
BUIOB (DM3MYCCKUX CUTHATOB. Bce TNPOBEACHHBIC U3MEPCHUS
CKOPOCTH CBETa HHKAKOTO OTHOIICHUS HE UMEIU M HE MOTYT UMETh
OTHOIICHUSI K CKOPOCTH PACHPOCTPAHCHUS APYTUX BUIOB CHTHAJIOB,
MMCIOIIUX UHYIO (PU3MUECKYIO MPUPOIY. 3aTO cama CKOPOCTh CBETA B
BaKyyME  BOINPCKH  YTBEPKACHHUSIM  TMPUBCPKCHICB  TCOPUU
OTHOCUTCABHOCTH A.DHHINTCIIHA, MOMET 3aBHCETh OT BHEUIHUX
(bakTOpOB, TJIABHBIM M3 KOTOPBIX SIBISICTCS J(QHUPHBIA BETEP, B
MMOTOKAaX KOTOPOro Haxoautcs HE Tombko 3emis u  ComHeuHas
CHCTEMa, HO M BCE 3Be3bl Hamnei I amakThku.

1.3. CkopocTb cBeTa U 3a(pUpHLIN BeTep

Hecmotps Ha TO, 9TO B MHPOBOW HayKe YTBEPAWMIOCH MHEHUE U
TOM, 49ro ombiTamMu Maitkenbcona m Mopan B konme 19-ro B.
JIOKa3aHO, 4TO 3(UPHBIA BETEP OTCYTCTBYET M, CJICAOBATCIBHO, B
npupoae 3¢upa, Kak TaKOBOrO, BOOOINE HET, HA CaMOM JEle, 3TO
MHEHHE HE TOJIbKO IMOBEPXHOCTHOE, HO U IiIyOOKOo omubounoe. Takoe
MHCHHUC TIOAACPIKUBACTCA CTOPOHHUKaMU CHCHHaﬂLHOﬁ TCOpUU
OTHOCUTEIBHOCTH A.JWHINTCHHA, 3aUHTCPECOBAHHBIC B COXPAaHCHUHU
rocrnoACTBa B HAYKC HIKOJIBI PCIATUBU3IMA U HC CTCCHANOIMUMUCH
IICIEMOBATh BCSIKOTO, KTO CMEET MOKYCHUTHCS Ha ITO MOIOKCHHUE.

Ha camom pgenme, skcmepumentl Matikenpcona (1881) wu
Maiikenscona u Mopnu (1887) Bcero nuinb mokasaiu, 4TO THIOTE3a
Jlopenua 06 aOCOMIOTHO HENMOJBI)KHOM B MHPOBOM IPOCTPAHCTBE H
BCCIIPOHMKAOIIEM dS(QHUpe HE MOATBEPXKIACTCS M UYTO HYKEH
MPHUHIIMITAAIBPHO MHOH MOAXO0/, KaK B MOMCKaX 3(pUpHOro BEeTpa, Tak u
B OINPEACIICHUU CBOICTB adupa [22, 23]

JKCIEPUMEHTHI 0 3(QUPHOMY BETPY OBLTH HPOJOTKEHBI PSIIOM
uccnegosareneti  [20-31], HO HamOOJBIIUX  YCICXOB  JOCTHT
mpodeccop KeficoBckoii mkomsl npukiagHoii Hayku B KanudopHum
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(CIHA) piiton Kaapenc Munnep. MuiepoM OBLT  BBIIONHECH
TpPOMaJHBI 00bEM H3MEPCHHH 3(PHUPHOrO BETpa B 0OCEPBATOPUHU
MaynT Buscon (BeicoTa Han ypoBHeM Mopst B 1860 M), U momy4eHs
CTaTUCTUYECKH 3HAUYNMBIE M IOCTOBEPHBIE Pe3yibTatThl [24-28].

MuutiepoM BBUSICHEHO, UTO 3(HpHBII BeTep 00ayBacT 3eMIIO HE B
MJIOCKOCTH SKJIMITUKH, KAK MPEAIONaranock, a IeprneHANKYISIPHO ei,
U TOCKONBKY OChb J3EMJIH IOBEPHYTA OTHOCHTETBHO 3TOrO
HanpasIcHuS Ha 26°, TO CKOPOCTh HA MOBEPXHOCTH 3EMITH MEHSIETCS B
TeueHue cyToK. CKOPOCTh TakKe MCHSETCS C YBETHUCHHEM BBICOTHI
HaJ YPOBHEM MOps: HA MaJBIX BBICOTAX 3TO mopsaka 3-3,5 kM/c, Ha
BbicoTe B 1860 M ckopocTh konebnercs ot 8 1o 10 kv/c.

IIpoBeneHHpie MalkembCOHOM M €r0 MOMOIMHUKAMHM OIIBITHI IO
MU3MEPEHHIO 3(UPHOTO BETPA, PE3YIbTAThl KOTOPBIX OMYOIHKOBAHEI B
1929 r. [29, 30] moaTBepaum pe3yabTaTel Miuntepa.

Wzmepenus s¢upnoro serpa 0.M.I'anaesbim (XappkoB) B 1973-
2000 rr. taxxke moaTBepamau nanHelc Mwumnepa [31] u BeIIBAIHM
HEKOTOpbIC HOBBIC acmekThl. Okazanock, 4TO B HEKOTOPBIC MECSILIBI
CKOpPOCTh 3(QHPHOro BETpa MaJacT OO HYJd, 3aTeM MCHSET 3HaK, a
3aTeM BOCCTAHABIMBACTCS IO MPEKHEr0 3HAYCHUS. AHAIHM3 MOKas3an,
YTO HCTOYHHUKOM TaKHX HCKaxeHUH sBusercss ConHLE, BOKPYT
KOTOpOro ()OPMHUPYIOTCSI CBOU MOTOKU 3(Hpa, HAKIAABIBAIOIIUECS HA
OCHOBHOW TMOTOK 3(HPHOrO BETPa, HMMCIOMIEIO TaJaKTHIECKOE
MPOUCXOKICHHC.

Bce 310 03HaUaeT, 4TO CKOPOCTh CBETA B JIFOOBIX 3KCIICPUMEHTAX,
MPOBOAMMBIX HA TMOBEPXHOCTH JEMIM HIM B KocMoce, OyaeT
MOJBEPIKCHA BAapHALMSAM, KOTOpBIE HEOOXOAMMO YUYUTHIBATh, HO
KOTOpBIE 0 CUX IMOP HUKAK HE YUUTHIBATHCH B CBS3U C YOCKICHHEM,
410 3(Hpa, KaKk TAKOBOTO, B MPUPOAC HE CYIICCTBYET.

Ha puc. 1.1 mpuBeseHa cxema 00ayBa MHOBEPXHOCTU 3EMIIH
MOTOKAMH TAJTaKTHYECKOr0 3(PUPHOro BETpa, a Ha puc. 1.2. mpuseacHa
cxema TmoTOoKOB o¢wupa, co3maBacmbix ConHmeM B CBOHMX
okpectHOoCcTsX. COMHIE ACUCTBYET MOJOOHO LICHTPOOCIKHOMY HACOCY,
BTSTHBAasI 3QUP B MOMIOCHBIX OONACTSX M BBIOPACHIBAIOIIETO €ro IO
BceMy dkBaropy. [II0CKOCTh SKIMNTUKK HAKIOHEHA OTHOCHTEIBHO
miockoctn 3kBaropa ComHua, W modTOMY 3eMIlsi HEPEXOAUT W3
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o0nacTv, B KOTOPOH TallaKTHUCCKHA W COJNHEYHBIA MOTOKH 3(¢upa
CYMMUPYIOTCSL B 00aCTh, T OHU BBIYUTAIOTCS, YTO U OOBSICHSCT
ITOJTyICHHBIE PE3YIIbTATHI.

Ha puc. 1.3. mpuBeacHa TeopeTUUICCKas 3aBUCUMOCTh U3MCHCHUS
ckopoctn 00ayBa mapa morokom rasa [LnuxTtuHr], u3 KOTOpPOI
BHJIHO, YTO CKOPOCTbH ITOTOKA Ta3a OTHOCHUTEIBHO IOBEPXHOCTH Iapa
pacTeT C YBEMWYEHHEM pPAcCTOSHUM OT IHapa, 4YTO ITOJHOCTBIO
O6’I>HCH$ICT MOJTYYCHHBIC MHJ’IJ’IGpOM BBICOTHBIC 3aBUCHUMOCTHU
3¢upHoro Berpa.

Puc. 1.1. OdoTexanme 3emsm >(QpupHBIM BeTpoM: 1- 30Ha TIOBEHINICHHOTO
JaBieHus ddupa; 2 — 30Ha TIOHMKEHHOTO JaBieHus ddupa; 3 — 30Ha 3aXBaTa BIIaru u3
oKeaHa; 4 — IpHUCOeTMHEHHBIN TOPOUTATBHBIA BUXPh A(Hpa, 3aXBaTHBAIONHI 3UMOL
BO3JYX aTMOC]epHl.

Heo06x0auM0 OTMETHTB, YTO CYIIECTBYET CIIC OJHA KOMITOHCHTA
3(upHOro BeTpa, 3TO MOTOKK 3(HUpa MOIIOLUACMBIC BCEM TEIOM
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3emnu. OHH BbBI3BaHBl PA3HOCTBIO TEMIICPATYPHI IMOBEPXHOCTH
MPOTOHOB — VIUIOTHCHHBIX TOPOMAATIBHBIX BUXpel »>dupa wu
TeMmepaTypsl cBoOoxHoro 3¢upa. lIlockonbky B rase temreparypa
MPONOPLMOHANBHAS JABICHUIO, TO 00pa3yercsl pa3HOCTh AABICHHUH,
MoJ ACUCTBHEM KOTOPOH 3(HUp cO BTOPOH KOCMHYECKOH CKOPOCTHIO
BXOOUT B TCJIO 36MJ’II/I, YaCcTUIHO YCBauMBACTCAd CHO, UTO IPUBOAUT K
PaCIIMPEHUIO 3eMJTH, & YACTUYHO BBIOPACHIBACTCS BO BHE.

aghupierii semep

e TTTH
eo— 0 D—

Conneunas cucmema
——

Conneunas cucmema
-—
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abldUmaHue
cegeptoco
U HOAHCHO2O
NOMOKOG

nomoxu dghupa,
svIOVBaEeMble

C onnyem NJAOCKOCHTL

KAUNMUKY

CyYMMUPOBAHUE
cesepHbIxX
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Puc. 1.2. HanpaBieHue >(pupHOro BeTpa 0THOCHTEILHO OPOUTHI 3eMJli:

a — B Hauaie oOpa3oBaHusl COIHEUHOM CHUCTEMBI M B HACTOSIEE BPEMSL; 6 —
TOJIOBBIE IIepeMelIeHUs 3eMIM OTHOCUTENIBHO II0TOKOB 5dupa, Cco3aBaeMbIX
CorHIleM
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Puc. 1.3. Odrexanne mapa ra3soBbIM IOTOKOM: a — HamnpaBJieHHe
MOTOKOB;, © — JHI0pa H3MEHEHHSI OTHOCHTE/IbHOIl CKOPOCTH IIOTOKa ¢

YBEJIMYEHUEM PACCTOSIHUSA OT IIOBEPXHOCTH MIapa

Craeayer 3aMeTuTh, YTO PAJOM HCCICAOBATEICH, MPOBOIAMBIINX
n3Mepenus  3upHOro  Berpa, ObBIIM  JOMYLICHBI — IpyOble
WHCTPYMEHTANbHBIC H JAKE METOAMYECCKHIE OIIMOKH, HE MTO3BOIHBIINE
UM TOJYYUTb MOJOKUTEIbHBIC PE3YIbTATHI.

Kennean w  WnawHrBOpT —CopoekTUpOBaiun HHTEPHEPOMETP
OTHOCHUTEIBPHO MAaJloro pa3Mepa ¢ miomanpo 1| M°, B KOTOPOM OBLIO
MPEAYCMOTPEHO CTYNEHYATOE 3EPKAaN0, 3HAYMTEIBHO MOBBILIAOLICE,
MO0 MX MHCHHIO, YyBCTBUTCIBHOCTh MPHOOpA, YTO IO3BOIWIO UM
COKpaTHTh [UIMHY IIyTH [0 CPaBHCHHIO C HUHTEPHEPOMETPOM
Munnepa. Becs mpubop ObLT MIIOTHO 3aKYHOPCH B KEAC3HBIA SIIUK,
3aMOTHEHHBIA TETUEM ATl BBIPABHUBAHUS TEMIICPATYP. 3aIONHCHHC
TEeJMEM CBUACTEIBCTBYET O TOM, YTO T'€PMETU3ALMS ObLIIA BBIMOIHCHA
Jno0pocoBecTHO. M3amepeHusl mpoBOAMINCh HA TOW e rope MayHT
Buiicon (1926-1927 rr.), pe3yapTaTsl ObLTH OTPULATCTbHBIMH.

ABTOpaM ¥ B TOJIOBY HE MPHILIO, YTO MOTOKH 3(Hpa HE MOIIH
MPOHHUKATh CKBO3b JKETC3HBIC CTCHKU SINUKA, MOTOMY YTO TOrJa
rOCMO/JCTBOBAIO YOCXKIACHUE O TOM, 4TO 3(up BcenpoHukarom. Ha
caMOM Jene TaKue HW3MEPEHHs MOJOOHBI TOMY, Kak €ciu Obl
MPOBOANTE U3MEPCHUS OOBIYHOrO BETPa, AVIOIIETO Ha YyIHLE, Iaja
Ha aHEMOMETp, CTOSINUI B IUIOTHO 3aKYNMOPEHHOW KOMHATE, MOCTE
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Yero JenaeTcsl BBIBOX HE TOMBKO 00 OTCYTCTBHH BETPa HA YJIHLE, HO U
€aMoro BO3ayxa.

Ty sxe ommbOky cosepuran u [Tukap i Ctassp, mogHUMABIIKECS C
UHTEPPEPOMETPOM TAKOrO >KE€ pa3Mepa Ha BO3AYIIHOM IHape Ha
BoicoTy 2500 M. Ilap Bpammancs crenuanbHBIME IPOMEUIEPAMHE, HO
PE3yabTaThl OBLIH HEOIMPEACICHHBIMHU, a BBIBOABI KATCTOPHICCKUMU:
3(upHBIii BETEP OTCYTCTBYET, a 3HAYUT, 3(hHpa KaK TAKOBOT'O HET.

Ho camyro anTacTHUeCKyrO OIIMOKY YK€ METOAMYCCKOTO IIaHa
cosepumi Y. TanyHc (n300peratens ma3epos u naypeat Hoenesckoit
npemud) U ero mnomomuuk CemapxombM, YCTAaHOBHBINHE Ha
BpalaOIeMcsl AWCKE JABa Masepa W HMCKaBIOUX 3aBHUCHMOCTb
m3MeHeHust dactotel Owenus (25 xl'1) or yrma moBopora mmofg
BAMsiHEEM 3¢upHOro Berpa. OHU MpEAIoNaraii, 9To MOA ACHCTBHEM
3(upHOro BeTpa MOMKCH HAOMIOIATHCS JOMJICPOBCKUI CABUT YacTOT,
MPOMOPILHOHAIBHBIN CKOPOCTH 3()UPHOro BeTpa. Takoi 3aBHCUMOCTH
OHU HE OOHAPYKHIIH, B PE3YJIBTATE YETO MOSBHUICS TOT JKE BBIBOJ, YTO
U BhILIC: 3(UPHOTO BETpa HET, 3dupa He cymectByer, CreunaabHas
TCOPHSI OTHOCUTEIBHOCTHU MPaBa.

Ot y4yeHele 3a0BUTM, YTO Yy B3aUMHO  HCMOABIKHBIX
OTHOCHUTEIBHO JAPYT JApyra HCTOYHHKA W NPHUEMHHKA KolcOaHHi
JOTICPOBCKHI CABUT YaCTOT NPUHLMIHMAIBHO OTCYTCTBYET M 9TO,
MOCTABUB OSKCICPUMEHT MNOXOOHBIM 00pa3oM, OHH BCErO JTUIOb
MPOAEMOHCTPHPOBATIN COOCTBCHHYIO HETPAMOTHOCTh B 3TO BOIPOCE.
K coxkameHuro, ¢ IOUPOKUM OMOBCLICHHEM 00 3TOM HAy4YHOU
OOIIECTBEHHOCTH.

Taxum obOpazom, Tr0OBIE 3KCIIEPUMEHTBI, B KOTOPBIX, TaK HIH
MHaYe, MCIONB3YETCS CKOPOCTh CBETA, JO/LKHBI YIUTHIBATh HE TOJIBKO
Hammgue 3(UPHOro BETpa, HO U MPUHHUMATH COOTBETCTBYIOLINE MEPBI
BO M30e)KaHHE UCKAKCHUI PE3yIbTATOB,

O ToM, 4TO Takass HEOOXOAUMOCTb CYIICCTBYET, CBHACTCIbCTBYET
HECKOJIBbKO MPOBEICHHBIX PasTHYHBIMU HCCIICA0BATEISIMU
SKCIICPUMEHTOB.

1. FO.M.I'anacey (Xappkos, 1993) ObL10 MOPYUCHO HCCICIOBATH
3aBHCUMOCTh ~ CKOPOCTH  PAacCHpOCTPaHCHHs  PaiWOBONH  OT
MeTeopoiormdeckux — yciaosudd.  [IpoBoass  wmccrmemoBaHusl — OH
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06Hapy>l<nn nNCPUOANICCKUC HN3MCHCHUSA CKOPOCTH HC TOJIBKO OT
U3MCHCHUA MCTCOPOJIOTHUYCCKUX yc.]'[OBHﬁ, HO U OT BPCMCHU CYTOK U
Jake OT BpeMEHH roaa. MoAepHH3UPOBAaB YCIOBHS SKCIIEPUMEHTA OH
OTACTHI 3aBHCUMOCTD PE3YJIbTATOB OT METCOYCIOBHI OT CYTOYHBIX U
TOJOBBIX MEPUOTIMICCKUX 3aBHCHUMOCTEH. ComnocrasieHue
MOTYYCHHBIX JAHHBIX C PE3yNbTaTaMU HU3MEPCHHH S(UPHOrO BETpa
J.K.Mumiepom mokasano UX HOTHYI KOPPESIHI0, yIeT 3()UPHOro
BCTpa TI03BOJIHII YCTKO BBIACINUTD 3aBUCHUMOCTD CKOpOCTHU
MPOXOXKACHHS PAAUOBOIH OT METEOYCIOBHI.

2. B xpeIMckoii 1abopatopuu, MpopecCHOHANBHO 3aHUMAIOIICHCS
CJIC)KCHUCM 3a HUBKOJICTAIIMMU CITYTHUKaMH (BI:ICOTa Hax MOBCPX-
HocThto Jemmu mopsaka 200 kM) OOHapyKEHO, YTO ONTHYECKOE
M300pa)KCHUE CIYTHHKA HE COBMAJACT C PaAHOIOKALMOHHBIM
M300paKCHUEM TOTO JKE€ CIYTHHKAa HAa YrOl OKOJIO 35 YIJIOBBIX
CEKYHJ, B TO BPEMsI KakK MOTPELIHOCTH U TEIECKOMNa U PaguonoKaropa
HE IMPEBBIIIAIOT KXKAOTO | YIIIOBOM CEKYHIBI, MPUYEM BEKTOP ITOH
Pa3HOCTH B TEUEHHE TOAA MOBOpPAYMBAeTCA Ha 360°, BO3Bpammasch B
HCXOJHOE MOJIOKCHUE POBHO uepe3 rox (puc. 1.4).
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Puc. 1.4. PaznyHble n306pakeHNs CIyTHHKA: | — UCTUHHOE MTOTIOKEHNE; 2 —
PaMOIIOKAIMOHHOE M300paXKeHue; 3 — oITIYecKoe n300paxeHue; 4 — paJauoiIoKaTop;
5 — IpueMHUK orrTryeckoro n3oopaxenusi; C — Comxile.



260 I'nasa 1.

B stux pabortax omepatopamMu He OBIT YUTEH CHOC CBETa U
JOKALMOHHOTO JTy4ya OT 00AYBAOIICTO 3eMITI0 3(DUPHOTO BETPA.

VYyer 3TOro cHoca mo3Bonua OBl HE TOJIBKO OOBSCHUTH I QEKT
(comHEYHBIN Ty4, OTPaKCHHBIH OT CITyTHHKA, MPOXOAHUT PACCTOSHHUE
OT CIIYTHHKA 0 3EMJIH OIUH pa3, a paJroIOKALOHHBIN JTy4 IBa pasa,
MOSTOMY OHH CHOCATCS 3(QUPHBIM BETPOM MO-Pa3HOMY), HO H
YTOYHUTh UCTHHHOC MOJIO’KCHHUE CITyTHUKA.

3. Kak cramo wu3BecTHO M3 psaa WCCIEIOBAHUI CKOPOCTH
BpauieHus 3emMiin BOKPYT ¢Boeit ocu u Bokpyr ComHia, oda 3tu BUaa
BpalllCHUsT HECTAaOWIbHBI BO BPEMCHH. JTa HECTAOWIBHOCTb
OTHOCUTEIPHO HEBEIHMKA, TEM HE MCHEE, MOXKET OBITh H3MEpEHa
Pa3IUYHBIMK CIIOCOOAMU, BKJIFOUas acTpoHomuueckue. HeoOxomumo
oOpaTUTh BHHMAaHHME Ha TO, YTO CaMO HAmNpaBICHHE HAa 3BE3[H,
CUHTAIOIICECS] STATOHHBIM, MOXET H3MEHSTBCS MPH MPOXOKICHUU
CBETa, U3TYy4acMOro 3BE3JaMU, a TAKKE CBeTa, oTpakaecmoro JIyHoH,
uepes MoToKu 3¢upa, 00IyBaIOIIEro 3eMITIO.

Hy»HO oT™MeTHTh, UTO pacuer GOKOBOro CHOCA CBETA KaK BOJHBI,
HE COOTBETCTBYET JCHCTBUTEIBHOCTH, HA CAMOM JIEIIC CBET CHOCHUTCS
MEHBIIE, MOCKOIbKY (OTOHBI HE SIBISIOTCS BOJHOH, a SIBISIOTCS
VIUIOTHEHHBIMU BHXPEBBIMH CTpyKTypamu. Hekoropyro anamoruro
CHOCa MOXXHO YCMOTPETh B HUCIYCKAHHH JBIMOBBIMH TPYOAMH JbIMa
(puc. 1.5), xorja naMUHAPHBIA MOTOK AbIMA CHOCHUTCS BETPOM, a
KIyOBbl JBIMa CHOCSITCSI BETPOM B TOPa3J0 MCHbIICH CTCIICHH.

WL

Bemep

Puc. 1.5. YMenbineHue cHoca ABIMOBBIX KOJIEIl BETPOM II0 CpaBHEHHIO C
00BIYHBIM AbIMOM
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4. HeoOX0AMMO YUUTHIBATB, YTO CKOPOCTh 3QUPHBIX NMOTOKOB HE
SIBIISICTCS] TIOCTOSIHHON, COOTBETCTBEHHO CKOPOCTh CBETA, HA KOTOPYIO
Oyay BIUATH JBIDKCHUS 3Hpa, TaKoke OYICT MCHSTHCS.

Bo-mepBeIX, ckopocTh 3(QUPHBIX MOTOKOB  OTHOCHTEIBHO
MOBEPXHOCTH 3EMJIM YMCHBIIACTCS C YMCHBIICHUEM BBICOTHI;

BO-BTOPBIX, Ha CKOPOCTb M HampaBlicHHE 3S(UPHBIX IOTOKOB
CYLICCTBCHHOE BJMSHUC OKA3bIBAIOT MECTHBIC MPEAMETHI — TOPBHI.
XOJIMBI U AK€ 3AaHHUS;

B-TPETBUX, MPHU YVUCTE BIMSHUS S(PUPHBIX MOTOKOB HA CKOPOCTH
CBETa MM PAJAMOBONH HY>KHO VIUTHIBATh MOTOKH 3Hpa, BXOISIINUC B
3eMJII0 CO BTOPOI KOCMHYECKON CKOPOCTBIO.

Buieoowi

1. B mcropum pasBuTHA YUEHHS O CBETE MIUTEIBHOE BPEMS
KOHKYPHPOBAJIH JBE KOHIEHIINN — KOPITyCKYJISIpHAs, B COOTBETCTBUU
C KOTOpOIl CBET MpPEACTaBIICA KaK ITOTOK YACTHI[ M BOJHOBAas, B
COOTBETCTBHHM C KOTOPOH CBET MPEACTABIIICS KaK BOIHEL,
pacnpoctpansitomuecs: B agupe. B 19-m cromerun Jlyn ne Bpoiine
oObenuHMn 00€ OSTHUX KOHUCNUIWM B CAWHOW  KOHLCILHU
KOPITYCKYJISIPHO-BOJIHOBOTO TyaJIi3Ma.

2. ®uzuueckas CYIIHOCTh CBETa B O(UIMAIBHONW HAyKe HE
BBISIBJICHA JO HACTOSIIETO BPEMEHM, XOTS M CUHTAETCSA, YTO CBET U
3JIEKTPOMArHUTHBIE BOJHEI SIBICHHS OJHOTO MOPSAKA, OTIHYAIOIIHECS
TONMBKO Amama3zoHoM yacToT. Ha camom mene 3To sABICHHS pasHEIE,
IIOCKOJIBKY 3aTyXaHWE B IIOJYIPOBOIAINEH Cpexe, HampuMmep,
MOPCKOM BOJXE V HHX pa3NUYarOTCS HA HECKOJIBKO IOPSIKOB, U
OOBSICHCHHE JTOMY B OQHIHANBHOM Hayke HE HailacHo. A
¢usnueckas  CYHIHOCTb  SJCKTPOMArHUTHBIX — SIBICHUH — TaKkKe
(oumansHON HayKOI HE paCKpBITA.

3. Bce mnpoBeneHHBIE WCCIEAOBaHMS CKOPOCTH CBETa HE
VUUTBIBAIMA BIHSHHAS TCPEMCIICHUS B MOPOCTPAHCTBE I(UPHBIX
MOTOKOB, OCKONBKY O(UIIHATBEHON HAYKOH caM (akT CyLICCTBOBAHUS
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s¢upa B npupoxe He mpu3HaH. OmHako 3¢Hp CYLICCTBYET, U MpPH
KOKIOM BHIC M3MEPCHHUI CICAYET ONPEACTATh, HY)KHO YYHTHIBATH
3TOT ¢akT U (akT mepeMemeHuss S(UPHBIX MAacc WM HE HYXKHO,
WHAYEC TMOTPEMIHOCTH HW3MEPEHHH MOTYT OBbITh  HEAOMYCTHMO
OoNBIIIMU.
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I'napa 2. CTpykTypHasi opraHu3anms cBeTa
2.1. Ctpykrypa poToHa

B nmpouecce npoBeaeHHBIX pa3IMYHEIMHA aBTOPAMHU UCCIIEAOBAHNN
OBLJIM BBISICHCHBI OCHOBHBIC CBOWCTBA CBETA M €r0 3JICMCHTAPHOU
cocrasiusttoteii — porona. CeoiicTa 311 TakOBHI [1].

1. Haumenpiuii 3meMeHT cBeta — (POTOH HECET B CeOC SHEPTHIO,
KOTOpasi COryIacHo 3akoHy IlnaHka mpormopunoHaibHa 4acToTe:

E=hv, @.1)

roe h= 6,62 107 Jx-¢ — nocrosaHas ITnanka

2. Cser, wu3ny4YeHHBIH aromoM, mnomsipu3oBaH. Ceer He
MOJSIPU30BaH B OOBIYHOM Iyde (KPYroBas MONSPHU3ALNS), MOCKOIBKY
PasIMYHBIC ATOMBI U3TYYIalOT CBET B PA3THUHBIC MOMCHTHI BPEMCHU U
OTJACTbHBIC MOPLIMH CBETA U3TYYAIOTCS HE3aBHCHMO APYT OT Apyra.

3. ®OTOH Kak YacTHIA HC UMCECT DJCKTPUICCKOTO 3apsaa.

4. ®oroH MOXeT 00nagaTh OJHHUM K3 ABYX 3HAUYCHHN CIMHA!
aubo + 1, mubo — 1.

5. Cser obnajgact JaBJICHUEM, CICIOBATCIbHO, (POTOHBI 00Maaa-
FOT MacCoil.

6. ®OTOHBI TOKATU30BaHBI B IPOCTPAHCTBE, PACTIPOCTPAHSIIOTCS B
BaKyyM¢ NPsSIMONTHHCHHO M 00IaJarOT MOCTOSHHON CKOPOCTBIO, YTO
JENaeT UX NOAOOHBIMU OTOKY YaCTHII.

7. Ceer obnazaer cBolicTBaMH WHTEP(EpPEHUUH W TUPpaKIUH,
YTO MO3BOJIIIIO CUUATATh (POTOHBI BOTHAMIL.

8. TlapamnensHO OpHeHTHPOBaHHBIC (POTOHBI HHTEPHEPUPYIOT, a
B3aMMHO  TICPIICHINKY/SIPHO  TOMSAPU3OBAHHBIC  (POTOHBI  HE
uHTEPHEPUPYIOT.

Bce panee paspaboTaHHBIC pa3IMYHBIMH aBTOPAMH MOJCIU
(oTOHA HE VAOBICTBOPSIOT IO COBOKYIHOCTH IEPEUUCICHHBIM
CBOWCTBAM, CO3JAaHHBIC K€ TCOPUU  OTPAHHYMBAIOTCS  HE
MPOTUBOPCUNBLIM OMUCAHUECM CBONCTB (POTOHA M CBETA B IICJIOM, HO
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HE BCKpPBIBAIOT CTPYKTYPY (OTOHA U HE OOBSCHSIOT, MOYEMY CBET
o0nagaeT MMEHHO TAKMMHU CBOHCTBaMH.

Kpome Toro, oGHapykeHO erie 0IHO CBOMCTBO, KOTOPOMY IOKA HE
MPHUOAHO JOJDKHOTO 3HAUCHMS: XOTS CBET H BJICKTPOMATHHTHEIC
BOITHBl CYMTAIOTCS SIBICHUSMU OJHOTO TMOPSJOKA, IMOCKOIBKY OHH
PacmpoCTpaHsIOTCsl ¢ OANHAKOBON CKOPOCTBIO (IPYTUX apryMEHTOB B
MOJb3Y 3TOrO YTBEPIKICHUS MPAKTUYCCKH HET), TO 3aTyxXaHHe UX B
moa Jleno B TOM, YTO 3aTyxaHHWE CBETa B MONYIPOBOISLICH cpene
(MOpCKO¥ BOZE) OKa3aI0Ch MOMHOCTHIO HE COOTBETCTBYIOLINM 3aKOHY
3aTyXaHUs IJI0CKOH 3JIEKTPOMArHUTHOU BOMTHBI B TAKOH CpeAe.

Kax wu3BecTHO, Mmiockas 3JICKTPOMATHUTHAS BOJIHA 3aTyXacT B
MOTYIPOBOASIICH CPEAE B COOTBETCTBUH C 3aKOHOM MakcBelia Kak

HotO©
( ) 12 r
2
H=H,e . .1)

3mece H, — HampsHKCHHOCTh MATHHUTHOTO TOJS HA TMOBEPXHOCTH
pazgena cpen, HampuMep, Ha ITOBEPXHOCTH MOPCKOW BOABI, U —
OTHOCHUTEIbHAS MAarHWTHAs IPOHHULAEMOCTb  CPEJEI; o -
MPOBOAMMOCTE cpeasl; @ = 2xf, f — wacrora saekTpOMarHUTHOMN
BOJIHBI; I — pacCTOSHUE OT MOBEPXHOCTH Pa3zeia Cpel. UTo

IIpakTnka OOHapyXMBaeT MOTHOC MOATBEP)KACHUC YKA3aHHOM
(dopMyaBl  3aTyXaHUIO IUIOCKOW PaJMOBOJHBI B MOPCKOW cpeae
MOJIHOE PACXOXKACHUE €€ C 3aTYXaHUEM CBETA B MPO3PAYHON MOPCKOU
BOJIE.

ITpu mposogmmoct Mmopekoit Bogsr 1 Om ' M ' Ha wacrore 1
Ml mpakTHUECKW TOMHOE 3aTyXaHWE 3JIEKTPOMATHUTHONW BOJHBI
MPOUCXOANUT HA TIyOMHE B 3 M. YUUTHIBAs, 4TO 3aTyXaHUE BOJHBI
MIPOMCXOIUT TIPOITOPIIMOHATBHO KOPHIO KBaAPATHOMY OT HYaCTOTHI,
W

r/ry = N(fo/f1) (1.2)
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W IS 3CNCHOr0 CBETa JIMHA BONHBI COCTaBmsteT 5,6:107 M, uto
14 <

coorBerctByer uwacrore 5:-10° I'm, momygaem g pacdeTHOW IO

MaxkcBemty rimyOHHY IPOHUKHOBEHHS CBETA B MOPCKYIO BOAY Kak.

r=r,V (10%10™) =3-10"wm,

U TakuM 00pa3oM, CBET JOJDKEH Obl MPOHUKATH HA IIyOHHY He Oonee
aem 3-107 M = 0,3 mv. BmecTo 3TOro cBET mpOHHMKACT HA TTYOHHY
mopsiaka 150-200 M. Takum oOpazoMm, pacxoXKACHHUE TCOPUHU C
MPaKTHKOM 31eck cocrasisieT bonee 500 Teic. pas!

Teopust 00BICHSIET 3TO TEM, YTO MOPCKAast BOAA HA TAKUX YaCTOTaxX
TCPACT CBOKO MPOBOAUMOCTD, IIPUYIUHBI YCTO HC O6’I>HCH$IIOTC$I, HO Ha
caMoM JeNe 3TO He Oonee, YeM MPEeanoIoKEeHUE, MOTOMY YTO HUKAK
HE HCCIICA0BANIOCH.

Ha camom pgene 3TO 371E€MEHTAPHO OOBSICHICTCS TEM, HTO
CTpyKTypa (OTOHA HH B KOCH MEPE HE COOTBETCTBYET CTPYKTYpPE
MJIOCKOM paanuoBOJIHBI M B YKa3aHHBIX pacucTtax IIOJHOCTBIO
HUCKIIOYCHBI ABA BOKHCHIIIX MOMCHTA — IPONOPUUOHAIBHOCTD
sHepruu (oroHa oOmemy wHcTy BHXpeEH, oOpasyroomux (oToH, u
BHYTPCHHSIS SHEPTHS KK I0r0 BUXPsI (POTOHA.

k. Tomconom Oblma caenaHa TOMBITKA HOCTPOUTH BHXPEBYIO
momens (orona [2]. OmHako €ro MOACTP HE OTBEYANA JaXKe
SJICMCHTAPHbIM Tpe6OBaHI/I$IM O6’I>HCHCHI/IH SABJICHUSA TIOJIAPpU3alUU,
MOCKOITBKY MPOCTOE BUXPEBOE KONBLO, KOTOpoe ToMcoH mpeamaran B
Ka4yecTBe MoJeau (POTOHA, TAKUMH CBOMCTBAMH HE 00J1a1a0.

Bce ykasaHHBIC BBIIIC CBOWCTBA CBETA JICTKO OOBSICHSIOTCS HA
3(pUpOINHAMHIIECKOW BUXPEBOI OCHOBE.

Ob6pazoBanue (oToHAa MOKHO TPEACTABUTh KakK PpeE3ybTaT
kosicOanuii B 3pupe BO30YKACHHOM 37ICKTPOHHOM 000IOUKH aToMa.

JnekTpoHHas ~ o0omoYka ~ atoMa  OPEACTaBIsieT — coOoi
MPHUCOCANHCHHBIA BUXPb 3(Hpa, JOCTaTOYHO yrpyruid. Eciam mo Hei
HAHECCH yAap, TO HAa HEW BO3HHUKAIOT ropOBl M BIAIUHBI, KOTOPBIC
COBEpLIAOT KOJicOaHus BOKPYT meHTpa aroma. Cosepiuas konebaHus,
BO30Y>KICHHAsI BHHTOBAs BHXpEBas 000J0YKA B MPUIICTAIOMIHX K €€
MOBEPXHOCTH CIOSX 3(upa B0o30Y)KAAET BUHTOBBIC CTPYH, MPHYUCM
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HampaBlCHHE TOKA 3(upa B CTPye COBHAJACT C HAIMPABICHUEM TOKA
3(upa B MOBEPXHOCTHBIX CIOAX OOOIOYKH. ITO JIETKO OOBICHUMO,
MMOCKOJIbKY JaBiicHHE dS(upa Ha HAOCTAIOUICH CTOPOHE OOOIOUKH
Oomplne, YeM B HEBO3MYINCHHOW cpene. BuHToBast crpys sdwupa
CO3JacT B OKpyXarmomeMm 3(pHpe CMCIIECHHE B NPOJOIBHOM
OTHOCUTEIPHO CTPYH HAIpPAaBICHUHU. Takas CTPYsl COOTBETCTBYCT
3JEMEHTAPHOMY BHUHTOBOMY IVIUIETY B ruapomexanuke. Kak u B
KKIOM rase, AYIUICT CO3MAeT BHXpeBoc TeucHHE cpeabl. OaHako
MOCKOJIbKY CTPYS 3(Hpa UMEET BUHTOBOUM XapakTep, TO U CO3AaHHBIN
3JIEMEHTAPHBIN BUXPh TaKXkKe OYICT IMETh BUHTOBYIO CTPYKTYPY.

ITpu Bo3BpaTHOM ABHXKEHUHU ropba 0OONOYKH MPOTHUBOIOIOMKHAS
CTOpPOHA €¢ CTaHeT HaOeraromeil, B pe3ympTaTe 4Yero Ha BTOPOIt
cTopoHe Oymer co3gaHa BTOpas CTpyHKa ras3a, KoTopas obOpasyer
BTOPOI BHUXPb, TAKOKC MMCIOIIUII BUHTOBYIO CTPYKTYpy. O0a BHXps
CO3JAIOTCS TMOOYCPEAHO, TMpPHYEM JABIDKCHHE ropba 000mouKku
OTTAJIKUBACT MOOYEPETHO 00a BHUXPS B HANPABICHUH WX OYAYIIETO
JBIDKCHUSI, 33JaBasi HAYAIbHBIA HUMIIYJIbC OOpasyromemycs (GpOTOHY
(puc. 2.1).

Puc. 2.1. OdpasoBanne (poToHa B030Y:KIEHHOIl DJIEKTPOHHOIT  0007109KOIH
atoma: | — B030YyXJICHHEII aToM; 2 — MHAYIIMPOBAHHAS CTPYIKa »dupa; 3 — IOTOK
3¢upa MEXy BUXPSIMI

JBmxenue (OTOHA HAMPABJICHO B CTOPOHY ABMKCHUS 3(dupa Ha
MPUJICTAIOIIUX TMOBEPXHOCTSIX €ro BHXPEH, T.e. TaK KE, Kak 3TO
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OBIBACT M Y OOBIYHBIX KONbLEBHIX BUXpel. [lockombky pasmepst aTtoma
COCTaBILOT, puMepHO, 10—10 M, TO 1 pa3mep AyIieTa JOUKCH OBITh
TOrO € TOpSAKA. 3aMBIKAHHE XE OOpa30BAaHHOTO BHUXPS MOMKET
MPOUCXOAUTh B  CYIIECTBCHHO Oompined  obmactu, KoTopas
OorpaHnvycHa JMMIIb TIOSABJICHHUCM TMOCJICAYIOLICTIO BUXPH. Taxum
oOpa3zomM, pa3mepbl BHUXpEHl B (POTOHE OrpaHHYMBAOTCSA YACTOTOH
KkonmeOaHU|  CO3MABLIETO HMX  OCLIIUIATOPA —  BO30OYKICHHOM
3JICKTPOHHOM 000IOUKH.

®OTOH B BHJIE BUXPEBOI BUHTOBOH CTPYKTYPHI, COCTABICHHON M3
JVHEHHBIX ~ pacXomsuuxcs BUXped dS¢dupa, PpacHoNoKEHHBIX
OTHOCHUTCJIbHO APYr Apyra B MMAaXMaTHOM IOPAAKC IIOKa3aH Ha pHC.
2.2. Taxoe oOpa3oBaHHEe HWMEET B THIPOMCXAHUKE AaHAIOL, TakK
Ha3bIBACMYIO BHXpEBYHO aopoxky Kapmana (puc. 2.3) [3-5]. B
JAHHOM CTPYKTYpE BHXPH OJHOTO psiAa BpAINAIOTCS B OJHOM
HaIIPaBICHUH, BUXPHU BTOPOTO Psiia — B MPOTHUBOMNOIOXKHOM. JlmmHOMN
BOIMHBl ()OTOHA SBISCTCS PACCTOSHHE MEXKIY LCHTpaMU BHXpEi
omHoro psiga. llockombky Kaskapii BUXph (DOTOHA HMMEET Maccy,
JCTKO BHICTh, 4YTO (POTOH SBJSICTCA ¥ YaCTHLCH, U BOJHOU
OJHOBPEMCHHO.



268 T1aBa 2.

S 4
|
a
Buo A4 BuoA Keon
i 4]
7 7 X W\
4/ Z/ N AN
b b

!
2

Puc. 2.2. Ctpykrypa ¢oToHa: PoOTHLHOE ceUeHHe (), ToMepedHoe ceUeHIe
1pu crmHe —1 (0), morepeyHoe cevueHue IpH civHe +1 (B)

Buxpu, cocraBmsrompe (GOTOH, MMEIOT BHUHTOBYIO CTPYKTYPY,
CICAOBATEIbHO, BIONb OCEH 3TUX BHUXpPEH HMEETCsl TOK 3dupa,
KOTOpBIII B BUXPSAX HEPBOrO psJa HANPABIECH B OJHY CTOPOHY, B
BHUXPSIX BTOPOTO psJa — B IpOTHBOINONOXHYI0. [lo oTHOmeHmMIo x
3TOMY HOTOKY BUXPH BBICTYNAIOT TAKXKE AYIIETAMU, TaK YTO ITOTOKH,
TEKYLIME BAONb OCEH BUXPEH, OYAYT MEPEXOANTh U3 BUXPEH OTHOTO
psga B BHXPU BTOPOTO PsiAd, a C HPOTHUBOMNOJIOXKHBIX TOPLOB,
HA000POT, U3 BUXPEH BTOPOro B BUXPH HEPBOTO Psiaa.
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)

Puc. 2.3. BuxpeBasi 1opo:kka Kapmana: a) — cTpykTypa IOTOKOB; 0) — BUXpH
Kapmana B Bojie. Kamepa JBrskercss BMecTe ¢ BUXPSMH; B) — Jopokka KapmaHa 3a
KpPYTOBEIM IpuMHApoM IIpr Re = 105; B JeBolf 4acTW BHJHA HayajbHAsl CTaJusl
00pas3oBaHUsI JIOPOKKH; T') MO/ICIMPOBAHKE JIOPOKKM B BO3IYIIHOW cpeje; JX) —
CTPYKTYpa IOTOKOB BUXPEBOH JTOPOKKU Ha KOHEUHOM CTa/[MH CYIECTBOBAHIS



270 T1aBa 2.

3aMbIKaHWE BUHTOBBIX BHXPCBBIX IMOTOKOB B TOpLAX BHXPEH
MpUBEAET K TOMY, 4YTO BHUXPEBOE JBIDKCHHE HE Oyzaer
pacmpocTpaHATBCS 32 NPERETsl  y3KOH 30HBI  IIPOCTPAHCTBA,
mpuicraromero kK (orony. Hukakoro KomableBOro IBIDKCHHS B
okpyskaromeM 3dupe GoTOH HE CO3MACT W, CICAOBATCIBHO, OyaeT
BOCIIPHHUMATBCS KaK JIEKTPUIECKH HEHTPaIbHAS YaCTHIIA.

Tak ke kak U OOBIYHOE BHXPEBOC KOIBLO, CHCTEMAa JTHHEHHBIX
BHXPEH OyAET mepeMeIaThes MPSIMOIHHEHHO, OCKONbKY B HEH.

n n/2 n/2

Zfi =2Fh+ ZFQiZO, (22)

i=1 i=1 i=1

T. € CyMMa LUPKYJSIHUA KOJBLIEBBIX CKOPOCTENH BCEX JHUHEHMHBIX
BHUXPEH paBHA HYIIO, WM, HHAYE, CYMMbI LIUPKYISLUA 000UX PSIOB
JUHCUHBIX BUXPCH PABHBI U MPOTHBOIIOIOXKHBI APYT APYTY.

[Tockonpky HampaBICHHH OCEBOrO MOTOKAa B Ka)KIOM BUXPE B
MPUHIIAIIE MOXET ObITh ABa (JICBOBUHTOBOC [BIDKCHHE 3(upa u
MPaBOBHHTOBOE), TO COOTBETCTBEHHO W CIIMH MOXKET NMPHUHHUMATH ABa
3HA4YCHUS. TpeTbe 3HAYCHHE CIIMHA, PABHOC HYJIO, O3HAYACT, YTO
OCEBOI0 MOTOKA HET M IMHCWHEIC BUXPH, oOpasyromue GOTOH, HU4eM
He ckperuieHsl. Jlms nHHEHHBIX BHXpEH Takoe COCTOSHUE HE
YCTOWYHMBO, IO3TOMY BCS CTPYKTypa pa3o0beTcsi Ha OTACIbHBIC
obicTpo TuHYHIUPYIOMINE KOIbLIA.

IIpu oOpazoBanuu (oToHa BO3OYKIACHHOUW OOOIOYKOM aToMa
MpOLIECC  ATUTCS OTHOCHUTETBHO OONBIIOE BPEMs, TMPH STOM
o0pasyeTcsl 3HAaUMTENBHOE Yncno Buxper ¢orona. M3 knaccuueckoit
TCOPUHM CBETA M3BECTHO [22], YTO BpeMsS U3IYUCHUS CBCTA
OJUHOYHBIM aTOMOM COCTaBJISICT.

3mc?
T=— 2.3)
2 a)oze2
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rae M. B € — COOTBETCTBEHHO Macca U 3apsix 3yekTpoHa. Ecim BMecTo
®, B3ATh CPCAHIOI YaCTOTY B BUAMUMOUN obmactu (A = 5107 M, Te.
w, = 410" c-1), To, moxcraBmsas me = 9-107" kr u e/mc = 1,76-10’,
monyuaem = 107 c.

ITockonpky wacrora KomeOaHUH OCHMIATOPA COCTAaBISCT,
MPUMEPHO 10" I', TO AETKO BUACTH, UTO 3a BpEMS U3IYUCHHUS, T.C. 32
BpeMsi, B TCUCHHUE KOTOPOrO SHEPrHs VYMCHBIIACTCS B € pas,
OCLIMIIISTOP COBEPIINT YHCIIO Koebannmii mopsiaka 10°.

CraenoBatenbHO, (HOTOH, MOMYYCHHBIH B PE3YJIbTATC HM3TYUCHUS
aroMa JO/DKCH MPEACTABIATh COOOM BHXPEBOE OOpa3oBaHUC
MPHUONU3UTEIPHO KBaAPAaTHOTO CEUCHHS CO CTOPOHOW KBajapara,
paBHOI mpuMmepHO 2\ m gnmuHOW mopsiaka 106 A, T.e. IIMHHYIO
ToHKyl0 HHTb. Ilpm pmnmee BomHbel 0,5 MKM (3€MEHBIA IBET)
saeMeHTapHbli GoTtoH Oymer mmerp pasmepbl IMkM x1MkM Xx0,5 M.
Opnako anuHa (OTOHA MPU OJHOW U TOU KE JAJTUHE BOTHBI MOMKET
ObITe camoii paznuuHoii. C momorupio stueek Keppa ¢GoTroH MokHO
mopyOuTh Ha YacTh JTFOOOM JTHHBI.

@OTOH HMEET KOHEUHYIO MJIMHY, TIOCKONBKY 00Opa3oBaHHE
KQKIOTO BUXPS BO3MOXKHO JHIOb NPH ONPEACICHHOM 3HAYCHHUU
KoyieOaHust BO30YKICHHOH OO0OJOYKM, W HAYUHAS C HEKOTOPOro
MUHHMAJIBHOTO 3HAYCHUS AaMIUIMTYOBl KOJNECOAHHS OCLUJIIATOPA,
BUXPb B cpeae Oomee HE oOpasyercs. OJTOT K€ MPOLECC MOXKHO
paccMaTpuBaTh M KaK OTPBIB YaCTH MacChl 00OI0UYKH BO30YKACHHOTO
aToMma MpH KaKIOM MOIYIEPHOAE ero KoneOaHusl.

N3BecTHO, YTO paccTOsIHUE MEKAY aTOMaMU TBEPAOTO TElIA PABHO
10" M, B TO Bpems KaK IIMPHHA ¥ TOMIOUHA (GOTOHA COCTABIISIOT
TopsIKa 10° M. CremoBaTenbHO, HA TUIOWIALM CEYCHUS OIHOTO
dorona ykmagsiacrcs 10 atomo. IT0 03HAHUACT, UTO B CO3JAHME
Kaxaoro ()OTOHA MPUHUMACT YYacTHE HE OJHWH, a MHOIO aTOMOB,
otaaBas eMy cBoro OSHepruro. ConpoTHBICHHE W3MYHCHUS IS
KaQXIOTO aToMa MPH 3TOM CHU3UTCS, OHU BOMIYT B CHHXPOHHU3M, a
BpPEMsI HW3IYUCHHUS YBEIHYHUTCS MPONMOPLHOHAIBPHO YHCIY aTOMOB,
VYACTBYIOIIUX B co3gaHuu ¢oTtoHa. Takum obpaszom, nmuHa (oroHa
HE ABJISIETCS BETMUYUHOU MOCTOSHHOM.



272 T1aBa 2.

OO6pasyss coBMEeCTHO OOLIYI0O BHHTOBYIO CTpYIO 3dupa B
OpUuJICraromux K HUM O6J'IaCT$IX, ATOMBI 3aTpavYuBAOT HAUMCHBIITYIO
SHEPTHUIO, CCIM OHM KOJEOMIOTCS CHHXPOHHO W cuH(pa3HO, nbO BO
BCEX OCTaJbHBIX CIydasx MEXKAy BO30Y:KICHHOH KOJICOFOIICHCS
000T0YKON U CTPYyCH BO3HHUKACT JOIMOJHUTCIBHOC BSI3KOC TPCHHC U
MPOUCXOIUT 3aMEAJICHUE TEX aTOMOB, (ha3a KOTOPHIX omnepeskact dasy
CTpyH, #, HAOOOPOT, CTPys, omepeauBmas Mo (ase OoCHUIIATOP,
HAYMHACT OTAABATh SHCPTUIO ITOMY OCLUUILISTOPY, B PE3Y/IbTATE YEro
OTCTAIONIME ATOMBI MOATATHBAIOTCS K (hase crpyu. Takum o0Opasom,
IPOUCXOIAT B3auMHasA CUHXPOHU3aUA nu CI/IH(baBI/IpOBaHI/Ie
konebaHui BO30YKACHHBIX 000I0YEK pasanyHbIX aToMoB. [Ipu sTom
OAHOHAITPAaBJICHHBIC BUXPU (I)OTOHOB, CO34aHHBIX B COCCAHUX
obnacTsx u3myvarens, OyayT MOATATUBATECS APYT K APYTY, CO3AaBas
o0urue motoku (puc. 2.4).

7 7
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Puc. 2.4. Coenunenne ¢oToHOB, 00pa30BaHHBIX Pa3IMYHbIMH aTOMaMIU, B
OOIIYI0 BUXPEBYIO CHCTEMY
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VYBenuueHue Ynucaa aToMOB, MPHHUMAOLINAX YIACTHE B CO3TAHHUU
(GOTOHA, MPHUBOJUT HE TONBKO K YBEIUYCHHIO JIHHBI ()OTOHA, HO
TaKKE U K YBEIUYCHHIO €rO MOMEPEUHBIX Pa3MEPOB MPH COXPAHCHUH
JUTUHBI BOJTHBI M K MTOBBILICHHIO TUIOTHOCTH 3¢upa B Tene GoToHa, Tak
KaKk JaBJICHHC B CTPye, OOpa30BaHHOW HECKOIbKUMH JYILICTAMH,
OyZeT TOBBILIGHO IO CPaBHCHHUIO C JaBJICHHEM B CTPYE,
00pa30BaHHOW OJHUM IYILIETOM, a KPOME TOro, Mpu (PUKCHPOBAHHON
YaCTOTE YBEIMYCHIE MHTCHCUBHOCTU CTPYil MPUBEACT K MEPECTPOUKE
CTPYKTYPBI KQKIOTO BUXPSI, KAK ITO MPOUCXONT B Fa30BBIX BUXPSIX, —
HAYHYT VIUIOTHATHCS CTEHKH, 00Inasi Macca M IJIOTHOCTh ra3a HaYHYT
YBEITMYIHUBATHCS.

PeanbHBIC MCTOYHHMKM KOTEPEHTHOTO CBETA HUKOrJa HE OBIBAIOT
TOYCYHBIMH, HX IUIOMAIb 3aHMMACT, KaK MHHHUMYM, HECKOJBKO
KBaJPaTHBIX MIJUTHMETPOB. MEXIy TE€M, CBET OT TAKOrO MCTOYHHKA,
OyIy4u pacCIICIUICH Ha JABa Jy4a, a 3aTeM COOpaH Ha O0IIeM 3KpaHe,
CHocoOEH co31aTh HHTEP(EPEHIIMOHHYIO KAPTHHY. DTO 03HAYACT, YTO
(bOTOHBI B 000MX JTyYaX HE TONBKO UMEIOT OAHY M TY K€ YaCTOTY, HO
U eauHyIo ¢a3ly, HO00 MHAYe HUKAKOH WHTEP(EPCHUMOHHONW KapTHUHBI
He monmyuniock Obi. Ha puc. 1.4 mokazaHo, 9uTo (hOTOHBI OAMHAKOBOI
YaCTOTHI CIIOCOOHBI CO31aBaTh CIMHYIO CHCTEMY, B KOTOPOil BCE OHU
Oyayt cuH(pa3HBl. JTO KEC O3HAYACT M TO, YTO B KAXKABIH MOMCHT
BPEMCHHU BCE aTOMBI IUTOLIAJHOTO HMCTOYHHKA KOTCPCHTHOTO CBETa
TaKKE CHHXPOHU3UPYIOTCS APYT C APYTOM.

O6pazoBanne (OTOHOB TPU COYOAPCHUH BJICKTPOHA U
MO3UTPOHA JO/DKHO CYIUECTBEHHO OTIMYATBCS OT PACCMOTPSHHOTO
BBILIC, TIOCKOJIBKY MPOUCXOJUT OJHOKPATHOE B3aUMOJCHCTBHC
BUHTOBBIX TOponoB. Coymapsisich, 3JICKTPOH M MO3UTPOH JOKHBI
paspyiIuThes U 00pa3oBaTh Apyrue ctpykrypsl. OauH U3 BapUaHTOB
TaKol IepecTpOrKH IOKa3aH Ha puc. 2.5.
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Puc. 25 O6pa3zoBanne (oTOHOB NpH AHHONTIISINAN JJIeKTPOHA 1
MO3UTPOHA

Kak smexkTpoH, Tak W MO3UTPOH ACIATCA KXKIABIM HA HYCTHIPC
YaCTH, MPOUCXOAUT IMOBOPOT 3THUX 9YaCTCH, B pPE3yJbTaTe HYero
oOpasyrores aBa (POTOHA, CIIMH KAXKAOTO U3 KOTOPBIX, BUANMO, PABECH
HYJIO, HECMOTPS Ha HAMUYHE OCEBBIX MOTOKOB. [lomyueHHbIE (POTOHBI
HE 00pa3yroT Ifyra BOJH, Kak (DOTOHBI, 0OpPa30BaHHBIC B PE3Y/IbTATE
u3IydeHus atoMmoB. Pasnerarommecst ¢GoTOHBI OyAYyT B3aUMHO
MEPIIEHIUKYIIIPHO MOJLIPU30BAHEL.

Takum oOpa3oMm, (OTOHBI, 00pa30BaHHBIC B  PE3YJIBTATE
AHHUTUJIAIUKA  JJICKTPOHA U TO3UTPOHA, MAOJDKHBI CYIICCTBCHHO
oTaH4aTbcss OoT (POTOHOB, OOpPA30BAHHBIX B PE3YIbTATE H3TYUCHHUS
atomoB. Pasymeercs, Bce CKa3aHHOC [JODKHO  MOAJICKATH
SKCIIEPUMEHTAIBHOUN NPOBEPKE.

JHeprus CUCTEMbl BUXPEH B (POTOHE OMPEACISCTCS BHIPAKCHUEM

[23, c. 273]:

p cos a
E=— zrhrzl [f———dl; diy, (2.4)
4 =1 ri



CTpyKTypHasi OPraHM3AINS CBETA 275

rae Iy, 15 — MHTCHCUBHOCTU TIAPhl BUXPEH, 1 - PACCTOSHUEC MEKIY
ux ocsamu; dly;, dly — smeMeHTBI ATHUHBI BUXPEH, 00 — YrOJd MEXIY
SJEMEHTAMH, MpUYeM JABOHHOH wuHTerpan Oepercs BAONb oceit
BUXPCBBIX HUTCH, & CYMMHPOBAHNC BKIIOYACT BCC HAMYIHBIC TMAPBI
HUTEU IO OJHOMY pasy.

BugHo, 4ro 3HEPrust BUXPEBOH CHCTEMBI TEM OOJIBIIC, YEM
MCHBIIIC PACCTOSHUC MCKAY BUXPSIMU. [ IOCKOIBKY paccTOSHIE MEKIY
BUXPSIMH HAXOJUTCS B CTPOTOH MPOMOPIIMOHATIBHOCTH C PACCTOSHUCM
MCXKAY BUXPSIMU, HAXOSIIUMICS B OXHOM PSIAY, T.C. C IIUHOW BOTHBI
¢oroHa 4, TO

1
E~—~v, 2.5)
)

rae v — 4actora komebaHud (POTOHA, YTO HAXOAWUTCS B MOTHOM
COOTBETCTBMHM C 3akoHOM IlmaHka, koTopelii  (akTudeckn
COOTBETCTBYET BBIPKEHHIO JUTS SHEPrun CHCTEMBI
B3aMMOJCHCTBYIOINX BIUXpel. Buxpeii.

Ilpm comocraBnenmm 3akoHa Ilmamka ¢  mpuBEIECHHBIM
BBIPKCHUEM MOXKHO CIENaTh BBIBOJ O TOM, YTO BCE BHXpH (DOTOHA,
CO3JaHHBIE ATOMaMH, MMEIOT OJWHAKOBYIO BHYTPEHHIOIO SHEPTHIO.
JTO HE OYECBHOHO, OJHAKO BO BHEMHHX 3((EKTax BHYTPECHHSIA
SHepruss ()OTOHOB HE TMPOSBISICTCS, OTHOCHTEIBHO JKE BHEIIHUX
nposiBicHuit Heprun (oroHa 3akoH llmanka gocrarouno crpor. [lpu
CO3JaHMM K€ MCKYCCTBEHHOT'O JJIEKTPOMArHUTHOTO W3IYYCHHS 3TO
OOCTOSITETBCTBO  CTAHOBUTCS  BAKHBIM, IIOCKOJBKY  BO3HHKACT
mpoOieMa HAKOIJIGHUS DJHEPrHM YK€ B KAKIOM BHXpE NpHU
YBEMYECHHH 3aTPAaYnBAEMON Ha €T0 CO3AaHHME MOITHOCTH MCTOYHHKA.

B zakone Ilnanka m B ypaBHCHHSIX MakcBemiaa MONTHOCTBIO HE
VUTCHA BHYTPCHHsII OJHepreTuka (POTOHA, cOCTosINass W3 Tpex
KOMIIOHEHT:

SHEPTETHKH KaXKI0TO BUXPS;

SHEPTETHKH BCEil COBOKYITHOCTH BHUXpPEH, 0Opasyromux GoToH;

SHEPTETUKHU CB3EU
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BHyTpeHHss1 SHeprus BpameHuss 3(QUPHBIX CTPYH B cOCTaBe
Ka)XA0T0 3QUPHOro BUXPsI B POTOHHOH CTPYKTYPE H OMPEACTSCT €ro
WHTEHCUBHOCTBh U ero ¢opmy. Uem OOmbIIyIO SHEPTHIO HECET B ceOe
3(upHbIl BUXPH, TeM OONBIIC JUHCHHAS CKOPOCTh CTPYH 3dupa, ero
oOpasyrouux, TeM O0IbIIE UX YIJI0Bast CKOPOCTh U MPU OAHON U TOU
JKE Macce BHUXPSI TEM Menbme ero guamerp. llocnemnee
00CTOSTETBCTBO HEMOCPEACTBEHHO CIEAYET U3 MOJOXKEHUI ra3oBoit
JUHAMUKU.

ITockonbky  pazmMepel  TOPLOB  BUXpPEH  ONMpPEIETSIOTCS
paccTosTHUEM MEXKIY MX OCSMH U 3aBUCHT, CICAOBATECIBHO, TOIBKO OT
YacTOTBl CO3JaHHs BUXPEH, TO HAKOIUICHUEC DJHEPTrUU JOJDKHO
MPOUCXOANUTh B LICHTPAIBHOH YACTH KaXKIOTO BHUXPS 3a CHET
VMEHBIICHHUS AUAMETPA 3TOH LIEHTPANBHOW YacTU: YeM OOMbIIEC NpHU
OJHOM M TOHU K€ YaCTOTE DHEPTrUU 3aKa4aHO B KAXKIbIM BUXPb, TEM
MCHBINE JO/UKCH OBITH AMAMETP €ro LECHTPAIbHOW YacTu (KepHA).
ITosToMy kaxxaplii >¢QUpHBIA BUXph (OTOHA B CEpelIWHE HMECT
VTOHUCHHYI0 M VIUIOTHEHHYIO d4actb (puc. 1.2), B KoTOpod u
HAKOILJICHA €r0 OCHOBHAsI SHEPTHUsl. JTa ’KE YacTh M COIACPIKUT B ceOe
OCHOBHYIO MAaccy BHUXPSL.

JHepreTuka BCe COBOKYITHOCTH BUXpel (pOoTOHA pacmpenensercs
mo BceMy Teny (oToHa 3a cYET TOPLEBBIX IMOTOKOB 3¢wupa,
MEPETECKAOMINX M3 BUXPEH OJHOrO psiAa B BHXPU APYroro psua.
ITosToMy yTpaTta SHEpPruM TOJOBHBIM BHXpeM (OTOHA TMpH
MPEOJOJICHUHN CONPOTHBIICHHUS 3(hHpa KOMIICHCUPYETCSI SJHEPTHEH BCEX
BHXpEi, 00pasyrommx GOToH.

3mech claeqyeT pasNu¥aTh JHEPTHI0  KOPOTKOro  (OTOHa,
COCTOSIIIETO M3 MAIOrO YHcia BUXpEH (MUHHMAIbHOEC HX YHCIO —
TpPH), W SHCPTHIO ATUHHBIX (POTOHOB, COCTOSIIMX H3 MUJTHOHOB
Buxpeit. [Ipn Bcelt 0MHAKOBOCTH MX BHEUIHUX CBOWCTB — YaCTOTHI U
ITAHKOBCKOH 3HEPTrUH — MPOHUKAOLIAS CIOCOOHOCTh Y HUX OyaeT
CYLICCTBCHHO pa3Has,; KopoTkue (HOTOHBI OyAyT 3aTyxaTb B
MOTYHIPOBOASIICH CPEAe 3HAUUTEIBHO OBICTpEE, YeM ATUHHBIC.

Taxum oOpaszoMm, BHyTpeHHss 3Heprus (oroHa Ky kak LETbHOH
BHUXPEBOH CTPYKTYPBI CKIQIBIBACTCS U3 TPEX KOMITOHCHTOB!
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— TUTAHKOBCKOW SHEPIHH, VYUTHIBAIOIICH TOIBKO YACTOTHBIC
cBoiicTBa POTOHA;

— BHYTPEHHCH SHEPTUHU KKIOTO BUXPS;

— DHEPTUM BCEH COBOKYNHOCTH BHUXpPEH, MPONOPLUOHATIBHOU
YHCTY

BHXPEH B CTPYKTYpe (HOTOHA.

JT1a SHEPTrUst MOKET OBITh OMHUCAHA KAK

E,=h’nEy, (2.6)

rae h’ — ko3 HUUHMEHT MPOMOPIUOHANTBHOCTH, HEKOTOPBIH aHajor
nmoctossHHON Ilmanka; N — xommuecTBO BuXped (komeOaHUH),
oOpasyrouux Te10 GoToHa; [, — SJHSPrUs KaXKAO0r0 BUXPS; V — 4aCTOTa
¢oroHa, obo3HavYaeMast OOBIYHO B PaIHOTEXHUKE uepe3 OykBy f.

N3 ykazaHHBIX ABYX OOCTOSTENBCTB — DHEPrUU BCErO TENa
(oToHa, T.C. DHEPrHU BCCH CHCTEMBI €r0 BUXPCH M HAKOILUICHUS
SHEPTHU B LICHTPANTBbHOU YACTH KKIOrO BHXPS — BBITCKACT BEChbMa
BKHOE CNEACTBUC: (OTOHHASI CTPYKTypa HE MOAYUHSCTCS 3aKOHY
MaxkcBemnna o 3aTyXaHuH B TIOTYIPOBOIAIICH cpene.

Hns doroHa, Tak ke Kak © AIA JHOOOTO MAaTCPUATBHOIO
oOpasoBaHus

E=E+E, Q.7)

rae E. — BHewmHsiss SHeprus (OTHOCHTENBHO IPYIHUX cHCTeM); F; —
BHYTPEHHSISL ~ 3HEPIHUsl. Buemnsast  sHeprus  miast (GOTOHa,
MEPEMEIAOIIETOC MOCTYNATENbHO B NPOCTPAHCTBE, Kak M AMA
BCAKOIO MEPEMEINAIOMIETOCA TENa, paBHa

E.= mc/2. (2.8)

BHyTpeHHss 3HEprist GOTOHA €CTh SHEPTHS BHHTOBOTO BPAIICHUS
notokoB 3¢upa. Mcxoms u3 mpuHLMOA pacHpenciCHHs SHEPruu
MakcBenna, MOXKHO TOlaraTh, YTO 3HEPTHsS BHHTOBOTO BpAIIECHUS
paBHA SHEPruu NepeMelleHus, T.€.
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E.=E. 2.9)

CnemoBaTeabHO, OOLIYyH0 SHEPrut0 (HOTOHA MOKHO OBLIO Ol
MOJIOXKUTb, KAK 3TO U MPUHSATO, PABHOU

E,= mC (2.10)
JaHHOE BEIpAXCHHC B BHAC
dE, = Gdm @.11)

momyacHo Xepucaiiaom B 1912 r. [24] HA OCHOBC paccCMOTpPCHUS
ypaBHeHNHT MakcBemia M C YJIETOM MPERIOIOKEHUN O HAIMIUN B
mpupose 3dupa.

PaBeHcTBO SHEprmit MarHUTHOTO M JJIEKTPHYECKOTO TONEH B
(dotone

uH? eE
Wy= — = W = —— (2.12)
47 47

3aCTaBJIICT CUUTATh, YTO I KaXXJAOro TaKOro 1ol OSHCpPrud
BpalICHUA M OSHCPrusd MNCpCMCLICHUA COIIPOBOXKAAOMIUX IIOTOKOB
3(upa — TOPOUAATIBHOTO H KOJBLIEBOTO — TAKXKE PABHBI APYT APYIY U
JUTsT 000MX TMOJICH OJMHAKOBBI MEXIY COOOH.

OnHako B MPHUBEACHHBIX BBIPAKCHUSIX HE YUTCHA SHEPIHs KEPHA
(boTOHa, B KOTOPOM, COOCTBCHHO, M COCPEIOTOUCHA OCHOBHAS IO
Cro MaccCol 1 SHCPTHUU.

OmnpenenuM CpemHIO MIIOTHOCTh POTOHA Ha mpumepe GoToHa ¢
AMHOM BomHBI A = 5-107 M.

Ecnu maccy oanoro Buxpst ()OTOHA ONPEACTUTh U3 HU3BECTHOTO
BBIPAXKCHUS

Ey= myC’, (2.13)
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a TaKKe YUECTh, UTO
Ey=hv=hc/ 4, (2.14)

TO TOTY4UM

my =——- (2.15)
cl

3aecw Ey, —sneprus ¢orona; h — mocrosunas Ilnanka; v - vacrora
(oToHa; A — [IMHA €ro BOJIHBL; ¢ — CKOPOCTh CBETA.
Macca ogHOTO BHXpPS COCTaBUT

6,6256:10°*
my=————= 442110 «r. (2.16)
3:108 -5:10°7
O6beM ogHOrO BUXpS (HOTOHA MPUMEPHO PABCH BEIUUMHE
Vy =47 (2.17)
U B JAHHOM CJIy4ae COCTABILICT BETHINHY
Vy =4(5107)° =510 . (2.18)
CraenoBaTenbHO, CPEaHsS IOTHOCTE (OTOHA OyaEeT paBHA

Piepr = My/NVy =4,42:107° /510" = 1077 xr-m ™, (2.19)

T. €. CYLIECTBEHHO MEHBIIE IFIOTHOCTH cBoOOgHOro 3¢dupa. KoneuHo,
caMm 1o ceOe Takoil BUXPh MPOCTO HE CMOT OBI CYLICCTBOBATh: CBOUM
CYLIECTBOBAHUEM OH 00s3aH KEPHY — LECHTPAIbHON YacTh, B KOTOPOI
IJIOTHOCTh 3HAYUTC/IIPHO TOBBIIICHA IIO CPABHCHUIO C IIIOTHOCTBIO
cBoboanoro 3¢upa. [lonaras o6bem KepHa paBHBIM IPUMEPHO
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V,=10d., (2.20)

YUUTBIBAS TAKXKC, YTO IMOYTU BCA MacCa BUXPA HAXOAUTCA B KCPHC, U,
CJIICOAOBATCIBPHO, €ro IIJIOTHOCTh

pe =MJV, =my/10d < p, (2.21)

TO ecyiu Obl TUIOTHOCTh KepPHA OblIa OBI TOM K€, YTO U IIOTHOCTh
17 -3
nporoHa (p, =4:10"" xr'M ), To AuamMeTp KepHA (OTOHA COCTABHUII
ObI

d =(m® =101 2.22
L =(—)" = M. (2.22)
10p,

Opnako ecnu Obl 3TO OBIJIO TaK, TO MPOHHUKAIOIIAS CITIOCOOHOCTH
cBeta Obuta OBl BO MHOTrO pa3 OoIblle peajbHO CYIICCTBYIOLICH.
HO3TOMy XOTd AUaMCTP KCPHa W 3HAYUTC/IPHO MCHBLIC IUaMCTpa
BUXpsl (oToHA, HO He B Takod crereHH. OpPHUEHTUPOBOYHO MOXKHO
npeamnojarath, YTO0 AUaMCTp KECPHaA BCCrO JIUIIb Ha ABA—TpPU IMOpSAAKa
MCHBIIE AUAMETPa BUXPs (POTOHA.

N3 pacyera mmotHocTH (OTOHA BBITEKACT TaKXKE H©  TO
00CTOSTENBCTBO, UTO B MH000MH cpene B (POTOHE YUACTBYET HHUTOKHO
mamas dvactb d¢upa. Paszymeercs, mpuBemCHHBIC pacdYETBl HOCST
BECbMa NPUOMIDKCHHBIA Xapakrep. OZHAKO U3 W3T0KCHHOTO YXKe
BHIHO, TTOYeMYy (DOTOHBI CBETA HE B3AUMOJCHCTBYIOT APYT C APYIOM:
BEPOSITHOCTh COYJIAPCHUS KCPHOB MCUC3AIOLIC MANa, M JAKE B CIIy4ae
MPSIMOTO COYAAPEHHSI KEPHBI (JOTOHOB MPOCTO OOOTHYT APYT IApyra,
M30CTHYB NOPSMOrO coygapeHus, a Tena (OTOHOB CBOOOIHO
MPOHHUKAIOT CKBO3b APYT APYTa.

Takum oOpa3zoMm, Hamu4uWe VIUIOTHEHHOTO KEpHA, C OXHOU
CTOPOHBI, MO-UHOMY 3aCTaBISICT MHPEACTABUTH CTPYKTYPY (OTOHA,
HEXKENU 3TO ObLTO OBl B HEC)KUMAEMOU Cpee, a ¢ JPYrol CTOPOHHI,
OOBSACHSIOT (akT yCTOWYMBOCTH (DOTOHOB M OTCYTCTBHE HX
B3aUMOJACUCTBHUS IPYT C APYTOM.
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Hamnune xepHa B kaxkaoMm Buxpe (OTOHA W Iyra BHXpEH
OOBSCHSCT MOBBILICHHYIO MPOHHIIAEMOCTh CBETA B MOPCKOH cpene.
Ecnu ucxomuTs U3 MpeacTaBiICHU COBPEMEHHOW 3JIEKTPOIUHAMHUKH,
TO TIPH CBETOBBIX YACTOTAX, COCTABJISIOLINX 10"-10" I'm, 3aryxanmue
CBCTa B MOPCKOHW BOJAE, MMCIOMCH mpoBOAMMOCTh mopsaka 1-10
CuMeHC/M, [JOMKHO TMPOHUCXOAUTh HA TNIYOMHE B  HECKOJIBKO
MULIAMETPOB. PeanbpHas jke MpOHMKAIOMAs CHOCOOHOCTh CBETA
cocraBmsier 100-150 M, uro Ha 5 mopsakoB Bbeimie. OOBIYHBIC
MOMBITKA OOBSICHUTH TOT (haKT YMCHBIICHUEM MPOBOJAUMOCTH BOJIbI
Ha OJTHUX 4YaCTOTaX HHKAKOro O0OOCHOBaHHMS HE HUMEKOT. Takum
00pa3oM, HaMUIO OYEPEIHOI mapaIoKe.

OnHako ecnu y4ecTh BBIMICH3IOKCHHOE O CTPYKType (OTOHA U
Ka)XJOTr0 €ro BUXpPs, TO MEXaHH3M MPOHUKHOBCHHUS ()OTOHA B BOAY
cTaHeT Oojee O4YEBHICH: dHEPrus (POTOHA BOBCE HE 3AKIOYACTCS B
HEM, KaK B IUIOCKOH 3JIEKTPOMArHUTHOH BOJHE, OHA COOCPIKHUTCS B
KEpHaxX U BO BceM Tene (POTOHA, COCTOSIIErO M3 OOJNBIIOro Yucia
BUXpeEil.

N3 pacyera mmotHOocTH (OTOHA BBITEKACT TaKXKE H  TO
00CTOATENBCTBO, UTO B MH000M cpene B (POTOHE YUACTBYET HHUTOKHO
Majast yactb s¢upa.

2.2. IlepemeiiieHne (pOTOHOB B IPOCTPAHCTBE

Paccmorpum  ocobGenHocTH  mepemerneHust  (DOTOHOB B
MPOCTPAHCTBE.

[TpuunHoit ABMXKEHUS (POTOHA KAaK CHUCTEMBI JHHCHHBIX BHUXPCH
SIBIISICTCS, TAK YK€ KaK M U1 OOBIYHOTO BHXPEBOrO KONBLA, CO3JAHHE
MOTOKOB raza B CPEAC 3a CUET BUXPEBOrO JBIDKCHHS YaCTEH camoro
¢dorona. B aToM cMBICIIC 3aKOHBI ABIKCHHS (DOTOHA HE JOJIKHBI
MPHUHLUIHATPHO OTIHYATBCS OT 3aKOHOB JBIDKCHUS OOBIYHBIX
BHUXPEBBIX KOIICI.

ITpu popmuposanuu GoToHa, Tak ke Kak ¥ mpu (GopMHpOBAHUU
BHUXPEBOrO  KOJNbLA, MPOUCXOAWT CKATHE BHUXPS JAaBICHUCM
OKPY’KaIOIIEH CPEeabl, YTO MPUBOAUT K YBEIHUCHHUIO SHEPTUU BUXPS U
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VMEHBIICHHIO ero quametpa. OTIHYUTEeIbHON 0COOCHHOCThIO (POTOHA
SABJISICTCI TO, YTO B MOMCHT O6p3.30BaHI/I$I CXKaTU0 TMOABCPracTCs
[JIaBHBIM 00pa3oM, LCHTpaJbHAs YacTh JIHHCHHOrO BHUXpS, B
pe3ynbTaTe 4yero W obpasyercs kepH. B gampHelimem B mporecce
JBIDKCHUST SHEPrust (OTOHA TOJBKO PACXOIYETCS, B OCHOBHOM Ha
MPEOAOICHUE BSI3KOTO TPEHUS d(upa MMpu BPAICHUH BUXPCH.

B noCcTynaTrcjiIbHOM ABUXKCHUN (I)OTOHa, TaK K€ KaK U B ABMKCHUHN
BUXPEBOT0 KOJbLIA ra3a, CACAYCT pa3TnyaTh Tpu dtana [6-9].

IepBsiit 3Tan ABMKEHUS — 3TO ABMKEHUE (DOTOHA Cpasy ke MOCie
ero obpasoBanus. Kak v 17t BCSIKOro BUXPEBOro KOIbL@, B (POTOHE
BCC OCHOBHBIC MEPEXOJHBIC MPOLIECCHI, CBSI3AHHBIC C YCTAHOBICHUEM
€ro CTPYKTYPBI U CKOPOCTH JOJIKHBI OKOHYUTHCS HA MPOTsLKeHUU (4—
5) (ans xombLa — HA MPOTSDKCHUH 4—5 ero IMaMeTpoB), T.€. Ha MyTH
mopsiaka 5:10—-6 M u Bpemenn nopsaka 2-10-14 c.

HauaneHast ckopocts IaBHkeHHs (POTOHA HE paBHA CKOPOCTH
CBETAa — €r0 YCTAHOBHBILICHCS CKOPOCTH, MOCKOJIBbKY Macca 3¢wupa,
oOpasoBasiero (pOToH, MOKOMUIACh OTHOCHTEIBHO aroMa. JTa Macca
s¢upa o0razacT MHEPUUOHHOCTBIO, CICAOBATENBHO, Pa3roH (oroHa
JOJDKCH MPOMCXOIUTD TI0 SKCIOHCHIMAIbHOMY 3aKOHY

t—t,

T(hr{pol:[
Vo=c—(c—co)e (2.23)

Hcxons w3 M3I0KEHHOrO, MOXKHO MOJOXKHTB, YTO IOCTOSIHHAS
BPEMCHH pa3roHa (oToHa Haxomurcss B mpememax 107°—107"c.
KoneuHo, Ans pasmu4HBIX JTHH BOJH IOCTOSHHAsI BPEMEHH OyaeT
pa3Hoii.

VYuuteiBas, 4ro (OTOH, OOpPa30BaHHBIA H3TYyYAIOIIUM ATOMOM,
MPEACTABISCT COOOH LYT BUXPEH, MPUXOAUTCS CHUTATh, YTO B OTHOM
U TOM k¢ (pOTOHE BO BpeMst e€ro oOpa30BaHUS MPOTCKAIOT Pa3IHYHBIC
mpoueccel. B Tol wacTu, koTopas mocine BHXpeoOpa3oBaHMs OTOLIIA
OT U3TYYAIOIIEro aroMa 0oee YeM Ha ISTh AJTUH BOITH, BCE OCHOBHBIC
MPOLIECCHI YK€ 3aBEPIIMINCH, B TO BPEMsI KaK B TOH 4YacTH, KOTOpas
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HaXoOmUTCS BOIM3M aToMa, 3TH MPOLIECCHl CINE MHPOJOKAIOTCA.
ITocTosiHHyrO BpemeHW pasroHa (oToHa cieayeT OTINYaTh OT
MOCTOSIHHOH BPEMEHHM IIONEPEYHOro cMmewmeHns (OTOHA mpu
MOMAJaHUU €ro B TMONEPEYHYIO OTHOCHTEIBHO  HAIPABICHUS
OBWKeHHS (GoToHa cTpyro 3¢dupa. IDTa MOCTOSHHAS BPEMCHU
OTIPEIENsIeTCS CHUJION MOMEPEeYHOro NaBNICHHs 3(HPHOro MOTOKa Ha
KepH (OTOHA M Maccodl KepHa, W OHa BO MHOro pa3 Oomplie
MOCTOSIHHOHN BPEMEHHU MPOJONBHOTO ABMKEHHUS (DOTOHA.

Bropsim sTanom gBrkeHHS (POTOHA SIBISETCS €r0 YCTOHYMBOE
JBIDKCHIE HA BCEM OCHOBHOM ITyTH, 3aKITIOUCHHOM B nHTepBase 10>—
10” M u Bpemenn cymectsosanms mopsiaka 107-10" ¢ (zecsrrm
MUJLIHAPIOB JIET).

Pagnyc Buxpeit poTOHA, Kak U BCSIKUX ra30BbIX BUXPCH, U JITUHA
€ro BOJHBI PACTYT CO BPEMCHEM ITO 3aKOHY [25]

AR(t) = a(W)L(1), (2.24)

rae o — maneiii mapamerp. s BO3AYLIHBIX BUXPEH 3Ta BEIHYHMHA
pasua 0,01-0,001, a st aupa CYIIECTBEHHO MCHBIIIC.

VYuutsiBas, 4to (OTOH B MOMCHT 00pa30BaHUS MMET HEKOTOPHIC
HAYabHBIC IMHY BOJHBI M Pa3Mep, MPABUIbHEE JAHHOC BBIPAKCHUC
3ammcaTs B BUAC [26]:

R(t) = R, + aRL(t), (2.25)
nimn
2 (t) = 2o + a L(D) (2.26)

ComocraBisss JaHHOE BBIPAKCHHE C 3aKOHOM Xab0na «KpacHOro
CMEIICHHSD) CIIEKTPOB

A=A L(t)
z= —=H ——, (2.27)
o c
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rae H=3-10" ¢! — mocrosmuas Xa66m1a, MOJTy4acM

H
A = e +he— L), (2.28)
C
T.C.
H 3107"®
o = dg—=h——=10%1 . (2.29)
c 3-108

_7 _ o “
Tnst 2o = 5:107 wm nmeem ol = 5-107°. TpoiigeHHOE BEXPEBOI
CHCTEMOI pacCTOSIHUE OMPEACIISICTCS BHIPAKCHUEM

R av,
Lity= —[(1+4——t)"*—1], (2.30)
a R

YTO MPUMEHHUTENBHO K (GOTOHY mact, cuutas av,/ R, =2H,

ct
L(t)=——[(1 + 8HH)"* —1]. (2.31)
2Ht

CO00TBETCTBEHHO CKOPOCTh (POTOHA COCTABUT

C
cy = (2.32)

(1+8HH™*

CrnemoBaTeabHO, CKOPOCTh (DOTOHA HENB3SI CUUTATH MMOCTOSHHOM.
OHa yMCHBIIAETCA CO BPEMCHEM, XOTs, €CIM Y4ECTh, 4TO (POTOH
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SIBJSIETC CUCTEMOM JIMHEHHBIX, & HE KOJbLEBBIX BUXPEH, 3Ta
3aBHCHUMOCTh HE JOJDKHA OBITh TAKOH CHIIBHOW, KaK 3TO CICAYET W3
BbIpakeHUs (2.32), mpyu TOYHOM BBINONTHEHHH KOoTOporo mpu Ht = 1
ckopocTh poToHa coctasuT Beero 0,37c.

Otnuuune cBOWCTB OTOHA OT CBOWCTB KPYrOBOTO BHXPS CIEIYET
HCKaTh B PA3HOCTH IUIOTHOCTCH Tena (oToHAa M cpedpl, B OTINYHU
(dopM TIOTOKOB Cpenpl, co3aaBacMbIX (POTOHOM, OT (popM MOTOKOB
Cpeabl, CO3AaBACMBIX KPYTOBBIM BHXPEM, B HEJIMHCIHHBIX SBICHUSX HA
rpaHuLax BUXPEH, B YACTHOCTH B MOTPAHUYHOM CIIOC, a TJIaBHOC, B
HATMYHMU B TUHCHHBIX BUXPSX (POTOHOB YIUTOTHEHHBIX KEPHOB, YTO B
COBOKYITHOCTH OOYCJIOBAMBACT OOJCE BBICOKYIHO CTAOMIBHOCTH
(oToHa, yeM OOBIYHBIX BUXPEH.

IToncranoBka BeIpakeHMs 3akoHa Ilmanka B 3akoH XaObma
«KpacHoro cmemenus» crekTpos ganekux ramaktuk [10] mo3somser
YCTAHOBUTH 3aKOH MOTEPH JOTOHOM IHEPTUH 32 BPEMs BTOPOTO 3Tarna
ero aBmwkeHus. Kak W3BECTHO, IUIsl CIIEKTPOB 3BE31 JATCKUX TaNnaKTHK
XapaKkTepHO HAIWYHME TaK HAa3bIBAEMOIO «KPACHOTO CMEIICHHSDY
CIOCKTPOB B CTOPOHY VYBEIMYCHHS JUIMHBI BOMHBL. ACTPOHOMOM
Xab0moM BBIBEACH 3aKOH «KPACHOTO CMCLICHUS», MOIYYMBIOHI €ro
ums:

z= =H—, (2.33)

rae A, — JAMHA BOJIHBI MCTOYHHKA CBETA, A — JJIMHA BOJHBI CBETA,
MPHUHATOr0 HabmogateneMm; L — paccTOsIHHE OT MCTOYHHKA CBETA J0
HaONIOJATENs; ¢ — CKOPOCTh cBeta, H = 310" ¢! — mocrosuuas
Xa66na (7'=1/H=3,3-1017¢c = 10" mer).

Oueprus (oroHa onpeaensercs 3akoHoM [ lnanka

E=h. (2.34)

VuuteiBas, 4To
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A=ch, (2.35)
MOJIy4YaeM
E,—~E AE AL
z= - - H (2.36)
E E c

Wnu B mpenene

dE dL

—=—H— (2.37)
E (o

Wuterpupyst u yuurteiast, uro mpu L =0 E = E,, moayuaem:

—26L —10t

c -10 - 10

E=FEge =F.e =F.e , (2.38)
rae paccrosiHue L n3Mepsiercs B MeTpax, a Bpems { — B romax.

Taxkum 0Opa3oM, MOTYHAETCS €CTCCTBEHHBIN 3KCIOHCHIHATBHBIN
3aKOH y6I:IBaHI/I$I SHCPruun (I)OTOHa, YTO MOXHO CUHUTAThb HC
pe3yabTaToM «paszderanust BeenmeHHOM», Kak 3TO cefiyac MPUHSTO, a
Pe3ynbTaTOM BSI3KOCTU 3(upa, B KOTopoM mpoxomuT (otoH. Bpewms,
3a KOTOPOE JJWHA BOJHBI (OTOHA yBENWYMBACTCS  BIBOC,
ONpPEAENIeTCS] U3 COOTHOIIEHUS

o E, 1/3,3:10"
— = —=¢ =2, (2.39)
Ao E,

OTKyJa
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7=3,3-10"In2 =2,31-10" ¢ =7-10° ner. (2.40)

Tperuii stan awkeHus (OTOHA HACTYIAST HA MOCICIHEH CTaquu
€ro cymecTBoBaHus depe3 Bpems nopsaka 10-20 mupa. et mocie ero
oOpasoBanust. 3a 310 Bpemst GOTOH Tepsier 3Hepruo B 2,7-7,3 pasa.
ITorepst sHEprUM (HOTOHOM AOMKHA CKA3aThCS HA €r0 YCTOHYHBOCTH.
Crtpykrypa ¢oTOHa pa3pyliacTcs, KEPHBI YyXKE HCUEPIAIN CBOIO
SHEPTUI0 M HE CYUICCTBYIOT, (OTOHBI APOOSATCS HA OCKOIKH,
COyIApsIIOTCSl OPYr € JOPYrOM W O0pa3yioT, €CIH MOXKHO Tak
BBIPA3UThCsI, «(POTOHHBIN ra3y», B KOTOPOM OHH CTAIKUBAIOTCS APYT C
JPYTOM U TEPSIOT NEPBOHAYATIBHOC HAPABJICHHC.

[To anamorumm ¢ KONBLEBBIM BHXPEM Ha 3TOM 3Tame JOJKHO
MPOUCXOANUTh TOPMOKEHUE M B HanpHeiimem anddyHIupoBaHUE U
mepexoq wmarepuu 3¢dupa, oOpasyromiero (OToH, B CBOOOAHOC
COCTOSIHUE, HE CBSI3aHHOC C BHXPEBBIM JABIDKCHHEM. BeposTHo, 4To
(OTOHBI Ha TPETHEM 3TAIEC UX CYLICCTBOBAHHS BOCIPHHUMAIOTCS KaK
Tak Ha3bpiBacMoe (POHOBOE («PETHKTOBOECY») H3MTYYCHHE KOCMHYECKOTO
mpocTpancTsa [11], 1 vk, o kpaifHeit Mepe, IBISIOTCS Er0 YaCThIO.

[IpuBeacHHEICE COOTHOIICHWS HAXOIATCSA B  KAYECTBCHHOM
COTTIACHH C HM3BECTHBIMH TpeAcTaBiIcHUsAMH O auddy3um Buxpeil B
cpemax [9].

2.3. «kKpacHoe cMenieHHe» CIEKTPOB JAJeKUX FaJIaKTHK

«KpacHoe cMmemeHHe» CIEKTPOB JalcKHX TajakTHK — 3TO
MOHM)KCHUE YACTOT BJICKTPOMATHHUTHOTO H3IYyYCHHS, HCITYCKAEMOTO
3pe3gamu. CuuTaeTcs, YTO TaKoe IOHWIKCHHE 4YacTOT CBSI3aHO C
JOIUICPOBCKUM 3P (PEKTOM U CBHUACTCIBCTBYET O PACIIUPCHHH
Bcenennoii. Camo pacumpenne BceenenHoit ecTh pesynmbTar
Bonpimoro B3phiBa CHHIYISIPHON TOYKH, B KOTOPOH Korma-to Oblma
cocpenoroueHa Bca Macca Beenennoii Ilocne B3priBa Best Macca cTana
pasneratbcs, YTO W NPOHCXOAWT JO CHX TOpP, O HYeM U
ceunerenberByeT «KpacHoe cmermenue [12].
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«KpacHbIM» MOHM)KCHHE YaCTOT HA3BaHO IMOTOMY, YTO CIIEKTP
YacTOT CMEIIACTCS K KPacHOMY KOHIy CIIEKTpa, T.€. K Oojece
JUIMHHOBOJTHOBOMY, 4eM BOJHBI (uomeroBoii wuactu. KpacHoe
cMemieHHe  OblI0O  OOHApPYKEHO  aMEPHKAHCKAM  aCTPOHOMOM
B.Cnaiipepom B 1912-1914 rr., a B 1929 r. amMepuKaHCKHA aCTPOHOM
9.Xabba yCcTaHOBHI, YTO CICKTP OT 00JICC MAICKUX TalaKTHK
CMEINACTCS CUITBHEE, YEM OT OIH3KHX, U BO3PACTACT MPUOMITUTEIBHO
MPOIMOPLMOHAIBHO PacCTOsIHUIO. B pesymbrate OblT  yCTAHOBJICH
3aKOH YATUHCHUA BOJIH SJICKTPOMArHuTHOI O U3TYyUCHUA,
MOTyYMBIINIA HA3BaHUE 3akoHa Xabbma [10]:

Odummansaass  kocmosorust  Tpakryer  (¢akr  «KpacHoro
CMCIICHUSD) COBEpPIICHHO oOAHO3Ha4HO: «KpacHoe cmemeHue»
CIIEKTPOB TaNAKTHK 3TO JOIUICPOBCKUI CIBUT YacTOT B PE3yJIbTaTe
paciuupenuss BceneHHOMN, mpuyueM CKOPOCTh pa3deraHusi rajakTHK
TeM OONbIIE, YeM JaNbIIC OHM HAXOISATCS APYr OT apyra. Xabom
BBISICHIJI, YTO YEM JajblIe OT HAC HAXOTUTCS TajaKkTHKA, TEM C
OosplICH  CKOPOCTHIO OHA yOAASICTCA. OJTO CaMoO€  SIBJIICHUC
LEHTPOCTPEMUTEIIBHOTO  «pasOeranus» BuauMod BcemeHHoit ¢
HapacTaromeld CKOPOCThIO MO MEpe YAAICHUS OT JTOKAJbHOM TOYKH
HaOFOICHYSI U TIONYYHIIO HAa3BaHUE 3akoHA Xa00;1a. MaremaTuuecku
OH (hopMyTUPYETCS OUCHB MPOCTO:

v=Hr

rae V— CKOPOCTh YAAJICHHS TaJaKTHKH OT HAC, [ — PacCTOSHUE 10
Hee, a H— tak mnHasmiBaemag mnocrosHHas XaOOma. Ilocnemmsas
OMPEACTSICTCS OKCIICPUMCHTAAbHO, W HAa CErOAHSINHUN JACHB
oLieHUBacTCcs Kak paHas npuMepHo 70 kM/(c-Mnk) (KHIOMETPOB B
CeKyHIy Ha  Mmeramapcek;, | Mok  nmpuOmu3uTeapbHO — paBeH
3,3 MIWJTHOHAM CBETOBBIX JIeT). A 3TO 03HAYACT, YTO TaJAKTHKA,
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yAaJacHHAs OT Hac Ha paccrosHue 10 mMeramapcek, yoeraer oT HAC CO
ckopocthro 700 km/c, ramaktuka, yaameHHas Ha 100 Mok, — co
ckopoctbro 7000 km/c, u T. 1. U, xors n3HavanpHo Xa00 mpuiien K
3TOMY 3aKOHY II0 PE3YJIbTATOM HAOMIOJACHUS BCErO HECKOIBKHUX
OMKANIINX K HAM TaJIAKTUK, HU OJHA U3 MHOKECTBA OTKPBITHIX C TEX
mop HOBbIX, BCE Oojice yaaneHHbx oT Mueunoro Ilytu ramaktuk
BUAMMOM BceneHHOM M3-110 ASHCTBHS STOr0O 3aKOHA HE BBIMTAJACT.
Ha camom gmene «KpacHoe cmemenme», kKak (QYHKIMOHATbHAS
3aBHCHMOCTb OJHHX BCJIHYHH, B JAHHOM ClIydac, U3MCHCHHE YaCTOT
CIICKTPOB, OT APYrHX BEJAMYWH, B JAHHOM CJIy4ac, OT PACCTOSHUS
MEKIY TaJaKTHKAMH MOXKET HMETh OCCUHCICHHOC MHOXKECTBO
TPaKTOBOK, B TOM YHCIIC, HC HMCIOIIMX HHKAKOTO OTHOIICHUS K
«pasberaHuio» ramakTMK © pacmmpeHuto Bceenennoit. Ho B
OOBCKTUBHBIN aHAIN3 BMCIIUBACTCS MOJUTHYCCKAS COCTABIISOLIAS —
3aMHTEPECOBAHHOCTh B TOM, 4YTOOBI [JaHHBIA (PAKT MMOATBEPAUIT
CYLISCTBYIOILIYIO MapaaurMy, B maHHOM ciay4dae, — OOyt Teoputo
otHocuteabHOCTH OJitHInTeitHa. [losTtomy apyrue TpakToBKM HE
paccMaTpUBAOTCS, a JOIUICPOBCKAsST TPAKTOBKA, OTBCYAFOLIAS
[TOCTABJICHHOH 1ICTH, MPEHOAHOCUTCS KaK CIUHCTBCHHO BO3MOXKHASL.

2.4. ®onHoBOE H3IyUEHHE

®onoBOE  M3TydeHHME (MIH  KOCMHHYECKOE MHKPOBOTHOBOE
(¢oHOBOE wU3TyYEHHE OT aHriI. cosmic microwave background
radiation)[11] — KOCMHUYECKOE 3JICKTPOMArHUTHOC U3IYYCHUE C
BBICOKOW CTENECHBIO H30TPOIHOCTU H CO CIIEKTPOM, XapaKTEPHBIM IS
abcomoTHO uépHOro Tema c¢ temmeparypod 2,725 K. Tepmun
PCIMKTOBOC  HM3NTYYCHHE, KOTOPHIH OOBIYHO HCHIONB3YETCS B
PYCCKOSI3BIYHON TUTEpaType An 0003HaYeHUsT OHOBOTO HM3TyUCHUS,
BBEN B ynorpebienue coserckuid actpodusuk M. C. Hlknosckwii [13],
mojarasi, 4to STHM IOTYECPKHBACTCS MPOUCXOKICHHE BceneHHoit
BcaeacTsue «boipmoro B3peIBa» HEKOEH CHHTYISPHON TOUKH, B
KOTOpPOI HEKoraa ObliIa cOCPENOTOUEHA BCsl Macca BeeneHHOM. .
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PenukroBoe m3mydenue Obio mpeackazaHo I'eopruem ['amoBbIM,
Pansdom Anmedepom u Pobeprom I'epmanom B 1948 rony Ha ocHOBe
CO3JaHHOI MMH TIEpBOIl Teopum ropsiero bomsmoro B3peiea. bomee
toro, Amedep m I'epMaH cMOriaMm yCTaHOBHTBH, YTO TEMIIEpaTypa
PCIMKTOBOTO W3IyUCHHS JoikHA coctaBmate 5 K, a T'amoB man
mpenckazaare B 3 K[2]. XoTs HEKOTOpBIE OLIEHKH TEMIIEpPaTypPHI
MPOCTPAHCTBA CYLIECTBOBAIM H A0 OTOro, OHU obnajzanu
HCCKOJIBKUMH HEAOCTaTKaMMH. BO-HepBLIX, 3TO 6LIJ'II/I U3MCPCHUS JIUIIDH
3 dexkTuBHOI TeMITEpaTyphl TPOCTPAHCTBA, HE MPEAIIONAraIoCh, YTO
CIICKTP HU3JTYYCHUA NOAUYUHACTCIA 3aKOHY ITnanka. BO-BTOprX, OHH
ObLTM 3aBHCHMBI OT HaIIero 0co0Oro pacmoNoKCHHsI Ha Kparo
ranaktukn Mneunstii IlyTe m He npeamomaraimm, 4TO H3NMyUECHUE
n3otponHo. bomee Toro, oHm OB JadM COBEPIICHHO JApYTHE
pe3ynbTaThl, ecau Obl 3eMIlsl HAXOOWNIACh TAC-THO0 B APYTOM MECTE
Bcenennoii.

JKCIEPUMEHTANBHO CYLIECTBOBAHUE (POHOBOTO M3IYyUCHHS OBLIO
roaTeepkaeHo B 1965 roay, m B 1978 roay Ilemsmac m Buncon
(CIHA) monyunnu HobGeneBckyro mpemuro 3a ero otkpeitue. B 1983
rogy Obin mpoBea¢H mnepeeiii okcrmepument, PEJIMKT-1, mo
M3MCPCHUIO PEIUKTOBOTO HM3IMYy4YeHHS ¢ 0OOpTa KOCMHYECKOro
ammapata. B suBape 1992 roma Ha OCHOBaHMHM aHA/IA3a JAHHBIX
skcnepumenta PEJIMKT-1  poccuiickue yuéHble 0ObsiBHIN 00
OTKPBITUHX  AHU3OTPOINMUU  PCIIUKTOBOrO  MIJIYUYCHUS. I[I/IHOJ'II:HaSI
AHU30TpOnUuA COOTBCTCTBYCT ABUXKCHUIO COHHG‘{HOI‘/’I CHUCTEMBI IIO0
HAIpPaBICHUIO K co3Be3aut0 JleBbl co ckopocteio =~ 370 km/c[5].

Hapsu:[y C KOCMOJIOTUYCCKUM KPAaCHBIM CMCIICHUCM, PCIUKTOBOC
U3IyYECHHUE PACCMATPUBAETCS KaK OJAHO M3 TJIABHBIX MOATBEPKICHUI
Teopuu bobimoro B3psIBa.

Cunrtaercs, 4YTO PpEITUKTOBOE H3IYyYCHHE COXPAHUIOCh C
Ha4YaJbHBIX DSTAIlOB CYIMICCTBOBAaHMS BcelncHHOW M paBHOMEpPHO c6
3amonHgeT. YCTaHoBjieHHEe paHOBecus Hactymmio 400 Teic. mer
nocne bonpmoro B3priBa — Havana poxxacHus Beenennoit. C tex mop
TEMIICpaTypa HU3AYUCHUS CHU3WIACh M cchdac cocraBmieTt 2,725 K,
YTO COOTBETCTBYET CIIEKTPY a0COMOTHO YEPHOTO Tema.
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Ha camom pene ¢oHOBOE H3IyYECHHE BO3ZHHUKIO BCICACTBHE
MOTCpU OSHepruu (oToHamMHM YK€ B TMPEAABEPUU WX IOJHOTO
PacTBOpPEHUsI B KOCMHYECKOM 3dupe.

IIpencrasaser GOMBIION HHTEPEC paCHPEACICHUEC HHTCHCHBHOCTH
PETUKTOBOrO M3Iy4IeHHA 10 cruektpy dactot ot 0,05 mm 10 100 cm ¢
rukoM Ha 0,2 mum (puc. 3.16) [2].

10"
- N
10—16_
10—18_
I I N N O I
100 10 1 0,1 cM

Puc. 3.16. CrieKTp pe/IHKTOBOr0 U3JIy4eHHUs], MPAKTHYSCKH COBIIAIAFONIIIT
€O CHEKTPOM H3JIy4eHHs1 a0COTI0THO YePHOro Telia ¢ Temmeparypoii 2,7 K

I'panuiy ynpTpadmoNeTOBOr0 W3IYYECHHUS COCTABILIET ATHHA
BomHel B 0,4 mxMm, mH(ppakpacHoro — 0,7 MkMm. Ins Bomopoda
pe3oHaHCHas aauHa BOMHBL coctaiasger 0.1216 mxm, mms remms -
0,0584. JInmra Bommsl B 0,05 MM O3HaYaeT HaAvalo pa3pyIIEHHSI
¢doronoB, quHa BOHB B 100 ¢M — MOTHOE UX pacTBOpPEeHUE B 3dupe,
koraa ()OTOHBI TMPEKPALIAIOT CBOE CYLICCTBOBAHHME KaK BHUXPEBBIC
oOpaszoBanust 3¢upa. Omupasice Ha 3akoH Xa00ma, OTCIOAA MOXKET
ObITh HalJCHA JJIUTCIBPHOCTh JKU3HU (OTOHOB KaK HOCHTENCH
napopmarun (qmmura BOMHBI A0 0,05 MM) W Kak OKOHYAHHS
CYLIECTBOBaHUS (POTOHOB KAaK PEIMKTOBOrO M3MTyUYCHUs (I7IMHA BOTHBI
ot 0,05 mm 10 100 cm).

EcTecTBeHHBIN DKCIMOHCHIIMATBHBIA 3aKOH YOBIBAHHS SHCPTHM
(OoTOHA MOYKHO CUMTATh HE PE3yIbTaToM «pazderanus BcereHHOI»,
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KaK 3TO ceHyac MPUHATO, & PE3yJIbTATOM BSI3KOCTH 3(HUpa, B KOTOPOM
MpoxoauT (HOTOH.

OTHOIICHNE AJMH BOJIH OJHOTO U TOro ¢ (POTOHA B pasHBIC
MOMEHTBI BPDEMCHH COCTABUT

Ao E, At/3,3:10"
—_ , (2.39)
Ao E,

3mech AT, ¢ — IPOMEXKYTOK BPEMEHH MEKAY 3THMH MOMEHTAMH
BPEMCHH, OTKYIa

At=3310" InA, /A, c=10" InA, /A, merT.

Mornoapie 3Be3abl, HW3AYYAIOIIHE MAKCHUMyM CBETa, HWMEIOT
roayooil LBET, YTO COOTBETCTBYCT AJMHAM BOJH OT 4,2‘10_7M bi (o}
4,9‘10_7M, U BECh JMANA30H JJINH BOJH PEIUKTOBOrO W3IYYEHUS OT
0,05 mm g0 1 M. obpasyercst B mpomexkyTke BpemeHu ot 20 mo 150
miapa. aer. Ot Oosiee JampHUX 3BE3[ CBET HE JOXOAUT, T.K. (POTOHEI
MTOJTHOCTBIO TEPSFOT YCTOHYMBOCTD U PACTBOPSIFOTCS B d(upe.

1ot 3Tan ABKCHUS (POTOHA HACTYMACT HA MOCICAHCH CTaauu
€ro CyIiecTBOBaHUS depe3 Bpems nopsiaka 10-20 mupa. et mocine ero
oOpasoBanus. 3a 3T0 BpeMs (OTOH TepseT IHEPruro B 2,7-7,3 pasa.
ITorepst aHeprun GOTOHOM TOMKHA CKA3ATHCS HA €r0 YCTOMYMBOCTH.
Crtpykrypa (oTOHA pa3pymactcs, KCPHBI YKE HCUCPIAINA CBOKO
SHEPTUI0 M HE CYLICCTBYIOT, (OTOHBI APOOSATCS HA OCKOIKH,
COyIApSIOTCSl OPYr € JOPYrOM W O0pasyroT, €CIH MOXKHO Tak
BBIPA3UTHCS, «(DOTOHHBIN Ta3», B KOTOPOM OHU CTAIKHUBAIOTCS IPYT C
OPYyroM U TEPSIOT I[ICPBOHAYAIBHOC HAMPaBIACHUE, 4YTO U
HAOMIOJACTCS, T.K. HUKAKOTO BBIJCICHHOTO HAMPABJICHUS y
PEITUKTOBOr'O M3TYyYCHUS HET.

OTtcroma creAayeT, YTO mpeACabHAs TPAHKULA UHCTPYMCHTAIBHBIX
BO3MOXKHOCTCH ONTHKH cocTaBiasdeT mopsaka 10-20 muammapaos
CBETOBBIX JIET, & ()OTOHBI MOTHOCTHIO PA3BANMBAIOTCS U 0OPALIAFOTCS
B cBOOOmHBIN 3¢up uepe3 150 mumpa. et mocie ux oOpa3oBaHUS
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atomamu. Ha camom peme ObicTpee, T. K. 3TOT mHpolecc K KOHIY
CylIeCTBOBaHMS (DOTOHOB YCKOPSICTCS, Kak u y Jr000i ra3oBoi
BUXPEBOM CTPYKTYPHl B CBSI3U C YBEJIUYECHUEM UX PAa3MEPOB U
YCKOPCHHCM TOTCPU SHEPruu. PazymeeTcs, HOIYyUCHHBIC OLICHKHU
HOCST CaMbIil IPUOIMKCHHBIN XapakTep.

Cremyer OTMETHTh TaKXe, 4TO K KOHI[y CBOCTO CYIICCTBOBAHUS
CKOpOCTh ()OTOHOB B MPOCTPAHCTBE 3aMEISICTCSI U COCTABISICT OKOIIO
37% c. Pacoyxmee Teao (OTOHA IUTIOC 3aMEIJICHHAsT CKOPOCTBb
YBCIUYINUBACT BCPOATHOCTh CTOJIKHOBCHUS (bOTOHOB, Opuxoadmux oT
pasHBIX JaleKuX 3BE3d C Pa3HBIX HANpaBICHWH, YTO eme Oomee
YCPEIHSET HAIIPABJICHUS UX ABIKEHUM B IPOCTPAHCTBE.

BoiBOabI

1. ®OTOH sABIACTCA CTPYKTYPOH, COCTABICHHOW M3 JIHMHCHHBIX
BHUXpPCH, DPACIOJOXKCHHBIX B JBa PSAa B IIAXMATHOM IOPSIKE, B
KOKIOM JIMHCHHOM BHXPE WMEETCS YTOHYCHHE, B KOTOPOM H
COCPEAOTOUECHA OCHOBHASI SHEPTUs BUXPS. J(PUPHBINA MOTOK MO OXHUM
TOpLAM BHUXPEW NEPETEKAET W3 BEPXHEr0 CIOS B HIDKHHUM, a IO
OPYyTMM  HW3  HWJKHETO B BCPXHHIH, YeM  OOCCIICUMBACTCS
SHCPTCTUUCCKOC CAMHCTBO BCCH cHCTEMBI. KaKIObplid psia BKIIOYACT
0ONBIIOE YHCTIO BUXPEH, JO MUJTHOHOB.

Kaxgeiii  ¢oroH obmagacT Maccoii, B 3TOM PEaU3YIOTCS €ro
KOPIYCKYISIPHBIC CBOWCTBA, PACCTOSHHE MEXKAY LICHTPAMU BUXpEH
OJHOTO Psia COOTBETCTBYET JUIMHE €O BOJHBI, UEM PEATU3YIOTCS €TO
BOITHOBBIC CBOWCTBA. DOTOHBI € OJUHAKOBBIMH JJIMHAMH BOJH
CHOCOOHBI HHTEPEPHUPOBATD TAKIKE KAK OOBIYHBIC BOTHEL.

Bce u3BecTHBIC CBOWCTBA CBETa M BCE H3BECTHBIC CBETOBBIC
SIBIICHUSI PEATU3YIOTCS IPUBEICHHON MOJEITBIO.

2. TlocTOSHCTBO CKOPOCTH CBETa €CTh ITOCTOSHCTBO CKOPOCTH
nepemenicHuss (OTOHOB B NPOCTPAHCTBE H  OOYCIOBIMBACTCS
CBOWMCTBaMH OKpy»Karoiero (hOToHBl 3dupa — €ro JaBJACHUEM U
OTHOLICHUEM paguyca amepa K CpemHeil qmHe cBoOoTHOro mpobena
aMepoB B MPOCTPAHCTBE.
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3. «KpacHoe cMmelneHHE» CICKTPOB MAJACKUX TajJakTHK (3aKOH
Xab0ma) OOBsACHACTCS HE pACIIMPEHUEM MPOCTPAHCTBA MM
pasberaHueM rajakTuk, a IOTepeld SHEPruK (POTOHA 32 CUET BI3KOCTH
s3pupa mOpu ero MEPEeMEUICHUW B MNPOCTPAHCTBE. JTa MOTEPs
MPOHMCXOAUT IO IKCIOHCHIIUAIBHOMY 3aKOHY C MOCTOSIHHOW BPEMCHU
8 10" ner.

4. Bpems cymecTBoBaHUS (POTOHOB OrpaHHYCHO CPOKAMH B
HECKONBKO JeciITKOB MwinapaoB jaer. Ha mociaennem srame
CKOpPOCTh (POTOHOB 3amemmseTcs pa3MEpbl YBEIUUMBAIOTCS, YTO
BOCIIPHHUMACTCSI KaK  VBEIHYCHHE [UIMHBL  BOJNHBL,  (POTOHEI
CTAIKUBAIOTCSA APYr C JOPYTOM H  TEPSIOT IEPBOHAYANBHOC
HampaslieHHE. DTO H €CTh PEIUKTOBOC H3TYUICHHUE.
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T'nasa 3. OnTuueckue siBJIeHUS

3.1. OTpa:kenue cBeTa

OTtpakeHre CBETa — SIBICHHUE, 3aKITIOYAIOIICECS B TOM, YTO IpHU
nmajgcHun cBeTa (ONTHYCCKOrO H3IYYCHUsI) U3 OJHOH CpeAbl Ha
TPAHUIYy HAa TPAHUIYy €€ Pa3feia co BTOPOU Cpeaod B3aUMOJACUCTBHE
CBCTa C BCIICCTBOM IIPHUBOAUT K TIOSABJICHUIO CBCTOBOU BOJIHBI,
pacmpoCcTpaHsIOMWENcss OT TIPaHULBl paszacna oOpaTHO B IEPBYIO
cpeny. HecamocBersiuecs Teaa CTAaHOBSATCS BHIUMBIMHU Onarogapst
OTPaKCHUIO CBETA OT UX MOBEPXHOCTEH [1].

B nwmreparype MeXaHM3M OTpPaKEHHS CBETA CBSI3BIBACTCA C
BO3HUKHOBCHHUEM BTOPUYHBIX BOJIH, BBI3BAHHBIX KOH€6aHI/IHMI/I
3JICKTPOHOB TOBEpXHOCTH DepMu mox BO3ACUCTBHEM MAJAIOILICTO
ceera. OnmHako OCHOBaHMU A1 MOZOOHOTO VTBEPXKIACHUS HET,
MOCKOITBKY TOrAa ObLTO OBl 3aMEUCHO BIMSHUE COCTABA BELICCTBA
OTpaKaIOIEH MOBEPXHOCTH HA CHEKTP OTpakeHHOro ceera. Ha
camoM aeie, OTOH OyACT OTPasKCH OT TAKOM MOBEPXHOCTH MO BCEM
mpaBWiaaM OOBIYHOrO ympyroro yaapa [2-4], a BoBce He
MEPEH3TYUCHHUSI, KaK 3TO MpeArnonaraeres ceiyac [5, c. 45]).

[Ipu otpakenmn (oTOHA OT TpaHULBl ABYX CpPeX 4HacTh 3dupa
KOKIOH OJJICMCHTAPHOW CTpyiiku (HOTOHA OTpPaXKaeTcs, dYacTb
MIPETOMIISIETCA W TIONAJaeT BO BTOPYIO cpexy. Ecim BTOpOit cpenoit
ABJIACTCA MCTAJJI, TO Cro HOBCPXHOCTH IOKPBITA TakK Ha3bpIBACMOI
«moBepxHocTh0  DepmMu»  —  00OMOYKOH M3 BNEKTPOHOB,
OPHCHTUPOBAHHBIX MMOMAPHO AHTHIAPATICIBHO U 3aHUMAIOLINX BCIO
miomma e nosepxuoctu (puc. 3.1) [4].

“z 4”\ AP\ AV
\ ) )z N

7

Puc. 3.1. Ctpykrypa «noBepxnoctn Pepmm»
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N 3
HevictButenpHo, Kak wu3BecTHO [6—8], B 1 cM” Meramma
2 1023
comepxkutcst  107-10 CBOOOAHBIX  3JCKTPOHOB. | ayOmna
MTPOHUKHOBCHHUS CBETA B METAILIBI COCTABJISCT

1 cl,
d= —(—)"?, (3.1)
4n uo

IZ1e ¢ — MPOBOAMMOCTh METAIIA.
—7 -5
s BuAnMoOro ceera riyOuHa NpoHUKHOBEHHS paBHa 107107 m,
B 3TOM CJIO€ COCPEAOTOYEHO

n=@221)?(10%-10") = 5(10° - 10'°) sanexTpoHoB (3.2)

Macca KakIOro SJCKTPOHA paBHA NPHUMEPHO Macce OTHOTO
JUHEHHOro BUXpsl GOTOHA. YUMTHIBAs, YTO (OTOH CTANKHBACTCS C
ANIEKTPOHAMH, COBOKYITHASI MACCA KOTOPHIX MPEBOCXOJUT €r0 Maccy B
MUuIIapAabl pas, IpUXOAUTCA KOHCTATUPOBATH, YTO JJICKTPOHBI IO
BO3ﬂeﬁCTBHCM (I)OTOHa CMCCTATCA Ha HHUYTOXKHO MaIyH0 BCIUYHHY,
KOTOpass HA B KOCH MEpPE HE CMOXET OOCCIICUUTh MECPEU3TYUCHUE
¢dotoHa.

Crexyer OTMETHTh, 4YTO pacCCUBAHHE CTPYH, BBI3BAHHOC
OTKIOHCHHEM (opMbl «moBepxHOCTH DepMu» MM «CBOOOTHBIX)
3JICKTPOHOB OT IIOCKOCTH, IMOCTE OTPaXKEHUs Cpa3y MpeKpalnacTcs,
MOCKOITBKY OTPAa)KCHHBIC CTPYH 00pasyroT OOLUil IS 3THUX CTpyd
BHUXPb M OOIOUII B 3TOM BUXPE MOTOK, B KOTOPOM BCE OTPAKCHHBIC
CTPpYW BHOBb YIOPSIOYMBAIOTCS. YacTh MOTOKOB 3¢upa, KoTopas
IpolLIa B METAT M HE BBIIUIA HA MOBEPXHOCTh, OYACT paccesHa B
MCTAJIJIC, U CC SHCPIUA yﬁﬂCT Ha MOBBINICHUC TCMIICPATYpPhl MCTAJIJIA.

Takum 00pa3oM, OTPaKCHHUE JJIEMEHTApHOW CTpyu 3¢dupa oT
MOBCPXHOCTH METa/lIa MPOMCXOJUT IO  3aKOHAM  IPOCTOTO
MCXaHUYCCKOro yaapa, Impu 3TOM aBTOMATUYCCKH IIOJIYyYaCTCsd, YTO
VIO MaACHHUS U YTON OTPAXKEHUS SIIEMEHTAPHBIX CTPYH OYAYT paBHEI
apyr apyry. Takim sxe 00pa3oM MOKHO PACCMOTPETh U OTPAKCHUE OT
MOBEPXHOCTH METajia BCero oroHa.
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IIpu ymape o mperpaay (3epkaio) ¢ mperpagoil B Kaxablii MOMEHT
BPEMCHH PearupyeT JIUIIb OOUH BUXPb, TAK Kak BO30yxkIeHHE (POTOHA
MEPEMEIIACTCS CO CKOPOCThIO CBETa B Teje (JOTOHA, HO U caM (POTOH
MEPEMELIACTCS C TOH )K€ CKOPOCTBIO.

Ecin  anmemeHTapHBI  BHXph, HMCEIOIMUN  OTHOCHTEIBHO
MOBEPXHOCTH  OTPAXKCHUS  HOPMAJbHYED W TAHTCHUHAIBHYIO
COCTABISIIOLIME CKOPOCTH, KOCHETCS MOBEPXHOCTH OTPAXKCHHUS U
OyAeT MpOXOKATh CBOC ABIDKCHUE, TO KaXKAAs €ro 3JICMCHTapHas
CTpysl, UIMEIoIas B BUXpE (HOpMY OKPYKHOCTH, OTPaXKasICh MO 3aKOHY
VIOPYIOro yaapa, COXpaHHT (QOpMYy OKPYKHOCTH, HO TCUCHHE B HEU
OyZeT mocine yAapa HAMpaBlICHO B CTOPOHY NPOTHUBOIOIOKHYIO
HampaBlieHUIO a0 yaapa (puc. 3.2). B pesyaprate sroro B
OTPQKCHHOM BHXPE LHUPKY/ISILUS CKOPOCTH BHXpS (MarHUTHas
HaNpsDKCHHOCTh) OyAET HMETh NPOTUBONOIOXKHBIA 3HAK IO
CPaBHEHHIO CO 3HAKOM LUPKYISLFHA CKOPOCTH B MAJAIOIIEM BHXPE.

ITockonpky k€ BUXpPH NEPBOrO M BTOPOrO PSAOB MOMEHSEOTCS
MECTAMH  OTHOCHUTEIBHO  HAINPABICHHUS  JABIDKCHUS, TO  3HAK
LUPKYJSIIUH OTHOCUTEIBHO STOrO HAMPABICHUS COXPAHUTCSL.

Puc. 3.2. OrpaxeHue 1 peJIoMJIeHHE 3JIEMEHTAPHOTO BHXPSI

HMuaue oOcToMT ACM0 € UUPKY/ISIMUCH MPOTOIBHOTO ABMIKCHUS
a¢upa. IIpu orpaskeHHUU OT MOBEPXHOCTH HAMPABICHUE MPOAOIHHOTO
JIBIDKCHHST 3(QHpa COXPAHUTCS, HO CaAMO HAMNPaBACHUC JABMIKCHUS
OTpakeHHOrO ()OTOHA W3MCHUTCS, PSABI BHUXPCH ITOMCHSIOTCS
MCCTAaMH, YTO TPHUBCACT K W3MCHCHHIO 3HAKa CIOHHA HA
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MPOTHUBOIIOJIOXKHBIA, CCTM MAaJaloIUid CBET uMen cnuH +1, To
OTPaKCHHBIH OyAeT UMeTh CIHH —1 U HA0OOpOT, 4UTO HE CIACAYET M3
00bIuHBIX TEOpUii (puc. 3.3).

Puc. 3.3. U3meHnenne 3HaKka ciiHa GpoToOHA MPH O0TPaKeHHI
3.2. Ilpenomnenue ceeta

[IpenomieHne cBeTa — N3MEHEHUCE HAIPABICHUS PACIIPOCTPAHECHUS
cBeTa (ONTHUYECKOTO H3MYUCHHS) MPH €ro MNPOXOXKACHHH Yepe3
rpaHuIy IByx cpen [9].

[lomagass Ha TOBEPXHOCTH paszdena cpel, CBET HYACTHYHO
OTPaXKaeTCs, YAaCTHYHO MpenomisieTcs. B OcHOBe 3TOro sBreHUs
JEXUT OTPAKEHUE U MPEIOMIIEHHE DJIEMEHTaApHOM CTpyHlKM rasa
(puc. 3.4), npoxomAmIcii U3 Cpeapl OJHOW MIOTHOCTH 3(Upa B CPEAY
JIpyroil IIOTHOCTH. Pa3HOCTP IIOTHOCTEH TP COXpaHEHHH
paBeHCTBA JABJICHUHA HA TPaHMLC OBYX CPEJ MOXKET OBITh BBHI3BaHa,
HampUMep, pa3HULEH TemMreparyp 3¢upa B 3THX Cpeaax, 4To, B CBOIO
oyepenp, SBISETCS CICACTBHEM PA3HHLIBI BUXPEBBIX CTPYKTYP STHX
cpen.
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Puc. 3.4. [Ipesomiienne cTpyiiku rasa

Ecnu mpeanonoxurh, IYT0 B KXKA0I Cpese B CPEIHEM IUIOTHOCTD
3(upa MOCTOSHHA M YUUTHIBAS, YTO MOTHAS SHEPTUs KAXKIOU CTPYHKU
rasa IpH HEpexoJe TPAHULBI CPEJ COXPAHSIETCS, TO HAa OCHOBAHUU
ypaBHeHHs1 bepHymam ans kaxaoW cpexsl OyayT CHpaBeITUBEL
CIEAYIOUINE COOTHOIICHUS:

v.> + Plpi=V," + Plp,=C, (3.3)
OTKyJa
il pa =V VP (3.4)

VuuTeBasg, YTO OTHOIIEHHWE CKOPOCTEHl  pacmpocTpaHEHUs
SHGKTpOMaFHHTHOﬁ BOJIHBI B BaKyyMC U B CPCAC CCThb IMOKa3aTC/ib
OpCIOMIICHUSA U YTO OTHOCHUTC/IbHAA MAarHuTHas IMPOHUIACMOCTb IJId
BCEX MPO3PAYHbIX CPEJ MPAKTUIECKH paBHA 1, momydaem.

_. 2 2 _ 2
Popl Prac = Voax [ Vop” = N7 =pe =g, (3.5
rae N — moKasaTenb MPEIOMJICHUSA CPEAbl; U — OTHOCHTCIbHAS

MarHvuTHasg MNPOHUIACMOCTb; & — OTHOCHUTCIIbHAs IUBJICKTPUYCCKAL
NPOHULACMOCTD. CHGI[OBB,TGHLHO, AUDJICKTPpUICCKAad IPOHUIACMOCTD
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Cpeapl ecTh OTHOLICHHWE IUIOTHOCTH IOTOKa 3@upa B cpeaec K
IIJIOTHOCTHU 3(1)I/Ipa B TOM >KC ITIOTOKC B BaAKYyyMC.

IIpu mocTikeHnu omgHuUM KpaeM (DOTOHA TpaHULBI ABYX Cpel B
cuty OonbIueii mI0THOCTH 3Upa B ONTHYECKH OONee ITOTHOU cpeae
CKOPOCTb YMEHBIIUTCS B MNy/N; pa3, B TO BPEMsl Kak APYrod Kpai
(hoTOHA MPOJOKACT ABUTATHCS CO CKOPOCTHIO V| (puc. 3.5).

¥~

\VZ v, <V

Puc. 3.5. K BbIBoy 3aK0Ha IIpeIOMIIEHHSI CBETa

CaenoBatenpbHO, KOrga BTOPOM Kpalh (OTOHAa  KOCHETCS
MOBEPXHOCTH ONTUYECKU OOJiee MIIOTHON Cpeapl, MpoiaeT Bpems t,, B
TEUCHHE KOTOPOrO MEpBBIII Kpall BO BTOPOM cpeae HOpoiaeT
paccrostaue Vot, = OE. [lns Broporo kpas Vit, = B’B,. Jlanee

B’Bl Vlto OE. Zwo
— =sini=——; ——=sinr=—, (3.6)
OB, OB, @&, @,
58071
sin i \ n

= = . 3.7
sinr ) n
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Orcroma crneayer, 94to

0

do = (3.8)

n

W JUaMeTpel BHXpEl B cpeae ¢  OONBIICH  IUIOTHOCTHIO
COOTBETCTBCHHO MCHBINC AMAMETPOB BHXpeEll B cpele ¢ Oomblucit
IJIOTHOCTBIO 3dupa.

3.3. Uutepdepenuus

WHuTepdepeHuns cBeTa — CI0KEHUE CBETOBBIX BOJH, MPH KOTOPOM
0OBIYHO HaOJACTCS XapaKTePHOE MMPOCTPAHCTBEHHOE
pacmpelencHHue  MHTCHCUBHOCTH — cBeta  (MHTEp(epeHIOHHAS
KapTHHA) B BHJC YCPCAYIOIIUXCS CBETIBIX H TEMHBIX IOJOC.
HNHuTepdepeHunst cBeTa BO3HUKACT TOIBKO, €CIU Pa3HOCTh (a3 BOJH
NOCTOsIHHA BO BPCMCHU, T.C. BOJIHBI KOI'CPCHTHBI (qaCTOTbI BOJIH
KpaTHBI U COrIacoBaHbl MEXAy coboii Bo Bpemenn) [10].

WnuTepdepenuns - OIHO u3 OCHOBHBIX SIBJICHUU,
MIOATBCPKAAIOIINX, KaK CUUTACTCS, BOTHOBYIO MPHUPOAY cBeTta [9, C.
242-340]. OmHako  HECIOKHO  MOKa3aTb, YTO  CXOJACTBO
UHTEpEPEHIUHN CBeTa ¢ MHTCPPEPCHUNCH BOIH MOBEPXHOCTHOE, HE
PacKpBIBAIOLIEE CYIIHOCTH SIBJICHHS.

IIpexkae Bcero, ciaeayeT OTMETUTH, YTO CIAOKCHHE KOacOaHMIA
BOBCC HC ABJACTCA HpCpOFaTHBOﬁ TOJIBKO BOJH. TOYHO Tak K€, KakK
MOMNCPCYHBIC OTHOCHUTCIIPHO HAIIPaBJCHUA ABUXXCHUS BOJIHBI, BCAYT
ceOsT W BHXPEBBIE CTPYKTYPbl: HMX HHTCHCHUBHOCTH  MOTYT
CYMMUPOBATBCA TIPpU OAMHAKOBBIX pasMcpax MW  HalpaBJICHUU
JBWDKCHHSI M HE B3aUMOJCHCTBOBATh MEXIY COOOW NHpU  pasHBIX
HampasJICHUAX ABUKCHUS WIN Pa3HBIX pasMcepax.

IMockonmpky MIOTHOCTH 3(upa B POTOHE COCTABIACT MAIYIO JOJIO
OT IJIOTHOCTH CPEABI, & CPECIOHsISL ATHHA MpoOera Ha MHOTO MOPSIKOB
MPEBOCXOAUT  pa3Mepbl  aMepoB, TO (DOTOHBI  OKA3BIBAKOTCS
CIOCOOHBIMH ~IPOHUKATh CKBO3b JAPYr JApyra 0e3 3aMeTHOro
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B3anmMoacrcTBHs. KepHBI Jke, MMEIOIIKE BBICOKYIO IUTOTHOCTh, HO
Maunble pa3Mepel, OyayT mpocto orudaTh Apyr apyra. B To ke Bpems
Ha TPCIITCTBUH, KOTOPBIM SBISCTCS JIOOOH OKpaH, JOJDKHO
BO3HHMKATh CMCLICHUE CTPYH W COOTBETCTBYIOLIEEC VCHUJICHUC WU
VMEHBIICHHEC WX HHTCHCUBHOCTH. be3 cuH(pa3HOCTH (HOTOHOB,
HUCXOISINUX W3 Pa3HBIX TOYCK M37yYaTelss CBETA, SBICHHE
uHTepepeHIUH ObUTO OBl HEBO3MOXKHO, IOCKOJBKY (DOTOHBI B
UHTEPPEPHUPYIOMHUX JTydaX ObLTH Obl HUKAK HE CBS3aHBI MEKAY COOOIt
mo ¢aze, maxe eciu Obl 4aCTOTHI Y HHUX OBbLTA OAMHAKOBHI. Da3bl
OTACTBbHBIX (POTOHOB MMeEnH OBl XAOTHYCCKHHA COBUT OTHOCHTEIBHO
Jpyr Apyra, W HuKakas wuHTepdepeHuus Obima Obl HEBO3MOXKHA.
WNHuTepdepenuns ceeta — peanbHOE SBICHHE, & 3TO O3HAYACT, UYTO
M3IYYAIOLINE aTOMBI HEMPEMEHHO IOJDKHBI CHHXPOHH3UPOBATHCS U
cuH(pazupoBaTbcs MEKIy coboi. OgHaKO BOJTHOBAsS TEOPHUSI STOrO
OOBSCHUTD HE B COCTOSIHUH.

[IpyHIMOMATPHBIA ~MEXaHHM3M B3aMMHOW CHHXPOHHWZALMHA H
cuH(}pA3NPOBaHUS U3TYYAIOLIMX aTOMOB OBIT M3JO0XKEH BbIe. Takoit
MEXAHU3M, HEBO3MOXHBIA B  BOJHOBOM MOJENH, IO3BOJISIET
o0ecreunTs CHHXPOHHOE M CHH(pA3HOE H3MYUCHUE BCEX H3TYyYacMBIX
B OJIMH U TOT K€ MOMCHT (DOTOHOB.

B pesynprate 3TOrO Ha BCEW IUIOIIAAM H3Iy4aTess, KOTOpas
MHOTOKPATHO NMPEBBIIACT IUIOMANb CEUCHHUSI OTACIbHOro (oroHa, B
KaKAbI MOMCHT BPEMCHHU YCTAHABIMBACTCS eauHas (daza U3TyuCHHS.
Ilocne pacmemieHuss aydd B HHTEPPEPOMETPE  COXPAHSIOT
cTaOunbHy0 (pa3y H3MydeHUsT OTHOCHUTEIBHO JAPYr Jpyra, 4ro u
MO3BOJSICT ~ MOCIE  CIOXKEHHS ~ OTHX  IyYed  TOMYYHTh
UHTEPPEPECHLIMOHHYIO KAPTHUHY.

ITockonbky ¢aza U3TydEHUST MOKET CO BPEMEHEM MCHITBHCS, TO B
cly4yae, €CTH JUIMHBl HHTCPQEPUPYIOINUX JIyYEH CYIIECTBCHHO
pasnuYHbl, YCTKOCTh HHTCP(PEPEHUMOHHONH KapTHHBI HApYIIACTCA.
Orcroga  mpakTuueckas ~ pEKOMEHAAUMs:  TpH  pa3paboTke
UHTEPPEPOMETPOB LIETeCOOOPa3HO CTPEMHUTBCS K PABEHCTBY JIUH
000ouX MHTEPPEPUPYIOLIHX JTyUCH.

Bo BceM octanpHOM KapTHHA HHTEPPEPCHLUNN BUXPEBBIX (DOTOHOB
COBCPLICHHO MOJOOHA BONHOBOH, Tak Kak WHTCHCHBHOCTH BUXpEH
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MOTYT  CYMMHpPOBATbCS TOYHO TaK JK€, KAK M HWHTCHCHBHOCTU
OOBIYHBIX BOJH, U BUXPEBBbIC (DOTOHBI CIIOCOOHBI TaK K€ CO3JABAThH
UHTEPPEPCHLIMOHHYIO KAPTUHY, KaK M BOJTHBI.

3.4. Indpaxuus

Hudpakumss ceera —  sBAcHWe, Habmrojaromeecs — Opu
pacmpoCTpaHEHUH CBETa MHMO PE3KHX KpPacB HEMPO3PAYHBIX HIIH
MPO3PATHBIX TCJI WIIN CKBO3b Y3KuE oTBepcTus [11].

Hudpakiwms Hapsay ¢ nHTEppEPEHLIUEH OOBIMHO pacCMAaTPHBACTCS
KaKk MOATBCPXKIACHUC BONHOBOH mpupomsl ceera [9, c. 341-419].
OnHako, Kak ¥ UHTEPPEPEHLUIO, AUPPAKIIIIO MOKHO PACCMATPHUBATD
C TO3ULIMIA BUXPEBOrO CTPOCHUS (POTOHA.

Kax wm3BectHo, audpakims cBera — OTKIOHCHHE HAIMPABICHUS
pacmpocTpaHEeHUsT CBETa OT MNPSIMOIMHEHHOrO BOMW3U  Kpacs
HEMPO3pPaYHBIX ~ MPEAMETOB —  MPOHCXOAWT B PE3yabTare
B3aUMO/ICHICTBUSL CBETA C ITHMH KpasiMH, HA 4YTO OBLJIO OOpaIeHO
BanmManue eme FOurom B 1800 r. Ilpu aToM cBeT 3a kpaem mpeamera
OTKJIOHSICTCSL B CTOPOHY 3TOr0 TMpPEAMETA, 3acBEUMBAas TCHEBOI
VYACTOK.

Uctonkosanue mudpakumu ¢ yaerom npuHuumna [ roiirenca [13, c.
341-345; 35], cormacHO KOTOPOMY TOYKH Kpas MpeaMeTa
MPUHUMAIOTCS. 32 HOBBIH HCTOYHHMK BOJH, BECbMa HCKYCCTBEHHO,
MOCKOITBKY 32 MCTOYHHUK BOJH COTrJACHO TOMY K€ MPHUHLMUIY MOMHO
MPHHSATH TIOOYIO TOUKY, H B 3TOM CMBICIE Kpall peaMeTa He SBISETCS
yeM-nmbo ocobeHHbIM. Takoe OOBsICHEHHE HE MPOJHMBACT CBETA HA
(UBHHUECKYI0 CYIMHOCTh AM(PaKUUM U B JIYYIIEM CIyvae, SBISCTCS
PacyEeTHBIM IPUEMOM.

CymHocTh JuGpPAKIMKA HECIOKHO MOHITh, €CIIH PACCMOTPETh
MPOXOXKACHHE BUXPEBOro ()OTOHA B HEMOCPEACTBCHHON OMHM30CTH OT
Hempo3payHoro npeamera. Kak BugHo m3 puc. 3.6, MOBEPXHOCTH
HEMPO3pPavHOro MpeaMETa, PSIOM ¢ KOTOPBIM mpoieTaeT (POTOH, eCTh
MMOBEPXHOCTh B CPESAHEM HEIMOABIKHOTO 3(upa. ITO CICAYET U3 TOrO,
YTO MEXKATOMHBIC PaccTOsHHs mMeroT mopsizok 1077 m, a mopsizok
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6
qH BojaH ¢orona — 10° m. [losatomy mo orHoOiieHHIO K (DOTOHY
BHUXPEBBIC JBHUKCHUS IOBEPXHOCTH ATOMOB YCPEIHCHBI.

- QQQ%S%DQ\

Puc. 3.6. Mexanusm audpaxnmu ¢GoToHOB

B 3azope mexay GhOTOHOM M MPEIMETOM HMEET MECTO OOJIBIINOI
IPaAMCHT CKOPOCTH, MOCKONBKY Kpai (JOTOHHOrO BHXPSI ABHIKETCS C
OONBIION CKOPOCTBIO B HAIMpPABJICHUH, OOPATHOM HAIPABJICHUIO
JBIDKCHUS (POTOHA, a 3a30p OTHOCUTENBHO Mall. C MPOTHBOMOIOKHON
CTOPOHBI ¢dorona MNOCTOPOHHMUIL NPEAMET OTCYTCTBYET,
CIIeIOBATEIbHO, TPaauMeHT ckopoctd Man. Otcrioma crmeayer, 4To
JaBicHUE (GHUpa CO CTOPOHBI MPEIAMETA CYIIECTBCHHO MEHBIIC, YeM
CO CTOPOHBI cBOOOTHOrO 3(upa, 1 GOTOH MPIHKUMACTCS K IPEIMETY.

[Mocme Toro kak HOTOH MPOXOIUT MPEAMET, OH MOMAJACT B 30HY, B
KOTOpOﬁ JAaBJICHUC HAYUHACT BBIPABHUBATBHCS, IOCKOJBKY HIPCAMCT
TaM yKE€ OTCYTCTBYCT. B 3TOW 30HE NaBJICHHC V>KC BBIIIC, UYCM B
3a3ope, HO eme HiIke, 4eM B cBobomHoM 3¢upe. Ilockompky
HEMPO3pPavHBId MPeIMET HE MeEMaeT OONbIIE CMEIICHUIO (OTOHA, a
Pa3HOCTh JABJICHUI CIIE CYIUECTBYET, (POTOH OTKIOHSETCS B CTOPOHY
TCHU MPEAMETA.

W3 u310:keHHOTO BBITEKAET, YTO yroJ MOBOpoTa (HOTOHA JOKCH
3aBuceTh OT (opMmbl kpas mnpeavera. [lpu yBemuueHun paamyca
3aKpyIJICHHS Kpasi HEMPO3PavHOro MmpeaMeTa yroi rmosopora (orona
JAOJKCH HCCKOJIBKO YBCIUYHUTHCA, UYTO MOXKCT 6LITI: POBCPCHO
JKCIICPUMEHTATBbHO. MOKHO OXHAATh, 4TO 3(PPEKT HAYHET 3aMETHO
NPOSIBILATECSL  INPH  pagudycax 3akpyriacHUsA NOpsAAKa JCCATKOB
CaHTUMCTPOB WJIX CAUHUIL MCTPOB.
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3.5. AGeppanus

AOGepparueii cBeTa B aCTPOHOMHHU HA3bIBACTCS H3MCHCHHUC
BHIMMOTO IOJIOKCHUSI CBETHJIA HA HEOECHOU cdepe, 00yCI0BICHHOS
KOHCYHOCTBIO CKOPOCTH CBETa W JBIDKCHHEM  HAOIrOgaTerns
BCICACTBUEC BpalicHUS J3Jemiau (CyTodyHas a0eppauusl —CBETa),
obpamenust 3emiu Bokpyr Comnna (roguunas aOeppaiust CBETa) U
nepemenicHuss COMHEYHOM CHCTEMBI B HPOCTPAHCTBE (BEKOBas
abeppauus ceera) [9, c. 420—450; 36].

Teopust 3Be3mHO abeppauny, Kak HW3BECTHO, H3MEHSIACh C
M3MCHEHUEM mpeacTaBicHuii o npupoie csera [14. Cam bpamieit
co3man ee B 1725 r., ucxoms W3 TOCHOJCTBYIOIIEH B €ro Bpems
KOPIYCKYJsIpHO# Teopuu. DpeHens paspaboran Teopuro adbeppanuu
(1823) Ha OCHOB HE YBJICKAEMOrO U YACTUYHO YBJICKacMOro 3dupa.
Korpa ontrka ABMKYIMUXCS TET BCTPETHIACH C TPy aHOCTssMuU, CTOKC,
MBITAsICh  OPEOJOACTh WX, OOBICHUI adeppauuio, MONb3YICh
THIIOTE30H MOTHOCTBIO yBiekaeMoro 3¢upa (1852). C mpuxoaom B
HayKy KBAaHTOBOM TECOPHUU M TEOPHUU OTHOCUTEIBHOCTU BO3HUKIIA
COBpPEMCHHAsI  pEATHUBUCTCKass Oe3 sSdupHas TeopHus 3BE3THOI
abeppaunn. OgHaKO HA BO3MOXKHOCTh OOBSICHCHHS  SIBJICHUS
abeppauuu Ha OCHOBE yueTa 3(upa yKe y HAIKM THH BHOBb 0OpaTHIN
BHMMAHHNE HEKOTOpPBIE McciaenoBarTenu [15.

Kraccuueckast Teopust abeppaiuu  CBETa, OCHOBAHHAs Ha
MPEICTABICHHHA O PACIPOCTPAHCHHUH CBETA B HEMOABIKHOM 3(dupe
(puc. 3.7), NPUBOAUT K CACAYIOMIEMY BHIY 3aBUCHMOCTH MEXKIY
a0CppallMOHHBIM CMCIICHUEM CBETWIA «d MO OONbLUIOMY KPYIY
HeOCCHOM Cephl, MPOXOISIIIEMY YePe3 CBETHUJIO M alleKC — TOYKY, K
KOTOPO#l ABIXKETCS HAOIIOJATENb, B CTOPOHY arleKca, YIIIOM MEKIY
HampasJICHUSIMU Ha CBCTUJIO U HaA allCKC ¥ U CKOPOCTBIO ABUKCHUSA
HaOmoaaTens:

Y
ctg (y —a) =ctgy + — cosec y. (3.9)
Cc

31ech ¢ — CKOPOCTh CBETA.
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Puc. 3.7. K Mmexanu3my aGepparm cBeTa

Tax HaspiBacMass PEASTUBUCTCKAS MIOMPABKA, BBITCKAMOMAS U3
TCOPUHM OTHOCHUTEIBbHOCTH, cocTtaBasier Bcero 0,00057, mostomy
HUKOrga He ucnojb3yercs [14. Ypasuenue (3.9) MokHO 3amucaTh B
BHUJC

\"
sina = — sing, (3.10)
C

rae @ — reorpaduucckas mmpora mecra HabmroaeHus. [lockombky
YTOJI @ Majl, TO YPABHCHUE OOBITHO HPEACTABISIIOT B BUJC!

V
a” =206265" — sinp = K sing. (3.11)
¢

Bemuunna K gms rogmuHON abeppauuu B HACTOSINEE BpEMsI
cuntacrcst 20,507, HO 3TO 3HAYCHHME MPHUOIMIKCHHOE, MOCKOIBKY
0ojice TOYHOE 3HAYCHHEC MOXKHO OMNPEACIUTh HA OCHOBE y4eTa
napamiakca CojHIa, OKCUCHTPUCHUTETA 3EMIIH, CHUICPUYICCKOrO
(3B€3HOr0) BPEMEHHU U 3KBATOPHUAIBHOIO Pauyca.

B pesynabraTte cyTouHO# aOeppaiuu CBETa 3BE3IbI CMCIIAOTCS I10
0ospIIOMY KPYyTry HEOCCHOM c(hephl B HAMPABICHUU K TOYKE BOCTOKA
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Ha BenmmunHy cos(’sin(0,319°6), rae ¢’ — reoneHTpUYECKas LIHPOTa
MecTa HaOMIOACHUS, & G — YIIIOBOE PACCTOSHHE CBETHNIA OT TOYKH
BOCTOKA.

BekoBoe abeppaunOHHOE CMCLICHHE 3BE3X MMPAKTHYCCKUA HE
OoOHapy>KMBaeTCs, Tak Kak HanpasicHue aBwkeHHs CoTHEUHON
CHCTEMBI B POCTPAHCTBE MCHSCTCS KpailHE MEIICHHO.

IlpencraBasiercs, YTO MAAaHHOE BHIIIC OOBSICHCHUE MNPUYHH
abepparun  siBasieTcst HermodaHbiM. CJEAyeT YYHUTHIBATH BEKTOPHOE
CYMMHPOBAHHEC CKOPOCTCH  JBIDKCHHS  3EMJIM  OTHOCHTEIBHO
lanaktuku u orHocutensHo ConHua (OpOUTABHOS MBIKCHHE), a
TaKXKe CYTOYHOE Bpamenue 3emid (puc. 3.8).

U,

U0p6

Aopo ¢
2anaKmuxu

ran

a) 0)

Puc. 3.8. /IpmKeHne TOYKH, PAcCIoJIOKeHHOII Ha TOBEPXHOCTH 3eM/I a —
rajlaKkTU4eckasi, opOUTAIbHAS U CyTOYHAsl CKOPOCTH; O — BEKTOPHOE CYMMUPOBAHHE
CKOpOCTEN

[lepememenne TOYKM Ha TOBEPXHOCTH J3EMIH B MHPOBOM
HNpPOCTPAHCTBE  SIBJSIETCSL ~ BEKTOPHOM  CYMMOH  CNEAYHOIIMX
HNEPEMEIICHUIM:

1. 3emmn BOKpyr camoii ceOsi (CKOpOCTh CYTOYHOTO BpAIUCHHS Ha
IKBATOPE Vorz = 463 M/C). DTa CKOPOCTh YMEHBIINACTCS IO MEPE
MPHONIDKEHIS K MOTF0CaM

Vi = VxsCOS O, (3.12)
¢

rae V, — CKOpOCTh IMEPEMEINECHUS MecTa HaOMIOACHNS, HAXOIAIIETOCs
Ha reorpaguyueckoi upore ¢.
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2. 3emuu Bokpyr Conuna (30,27 km/c B nepurenun, 29,27 xvm/c B
ademun).

3. Conuua Bokpyr uentpa l'amakruxu (180-200 km/c).

4. TanakTHKH OTHOCHTENBHO JAPYTHX TalakTHK (CKOPOCTh
HEU3BECTHA, MPEAOIOKUTEIBHO HECKOIBKO COT KM/C)

Knaccuyeckass Touka 3peHMs, NOpeanoiararomas adOCOMIOTHYIO
HEMOABIKHOCTD 3¢upa B mpoctpaHcTse (Teopust Ppenens-Jlopenna)
Oblj1a ObI COBEPIICHHO CIPABCAINBA, €CITU ObI HA CaMOM Jene 3(hup He
CMEINAJICS B IPOCTPAHCTBE U €CJIIU ObI 3eMIIS ITPH CBOEM JBIKCHUH HE
3axBarbiBasia 3Qup, ogHAKO 3TO0 HE Tak. JPHUPHBIA Berep 0OIyBacT
3emaro [16, 17], ero OTHOCHTEIBHASI CKOPOCTh YMEHBIIACTCA C
YMCHBIICHUEM BBICOTHI [18, c. 227-232; 19] u mosToMy SIBJICHHC
abeppauuu CBETa LEICCOOOpa3HO B OYAYIIEM MPOAHATU3UPOBATH C
VYETOM H 3TOr0 00CTOATEIbCTBA. VI3 H3NOKEHHOTO CIIEAYET, UTO:

1) romuunas abeppaums ceera B mosice 44,6-90° ro. m. Oyzaer
HMMETh MCHBIICE 3HAUCHHE, HEKETH B CEBEPHBIX MIMPOTAX;

2) romuuHas abeppaums Ha MamblX BBICOTaX, a TeM Oomee B
rITyOOKMX IMaxTaX, JO/DKHA MMETh HECKONBKO MCHBIIECE 3HAYCHHE,
4yeM Ha OOJIBbIIMX BEICOTAX B TEX XKE MIMPOTAX;

3) npu KOCMHUYECKHX IICPENETax HEOOXOAHUMO IIPOBOJUTH
KOPPEKTHUPOBKY MECTOMOJIOKEHHSI C YUETOM COOCTBEHHOH CKOPOCTH
JOBWDKCHHSI OOBEKTa OTHOCHUTEIBHO TIOTOKOB 3Qupa, eciu 3T1a
KOPPEKTUPOBKA  BBIMOIHACTCS ACTPOHOMHUYCCKHMH — CPEICTBAMU,
PacmooXKEHHBIMU Ha CAaMOM OOBEKTE.

OO6ayB 3eMHOro mapa 3¢HUPHBIMH MOTOKAMH HE HOCHUT CTPOrO
PaBHOMEPHOTO XapakTepa, MOCKOIbKY 3TU MOTOKH CAMH MOJABEPKEHBI
pazHOOOpa3HBIM U3MEHEHUSIM, CBA3aHHBIM, B YACTHOCTH, C COTHEUHOU
aktuBHOCTBIO. Kpome Toro, B sBincHMHM abeppauuy Yy4acTBYIOT
Bo3aywmHbe moTokH arMocgeprl. IlogpobGroctn ob6ayBa 3emmn
3(UpPOM HU3TOKCHBI HIKE.

Knaccnyeckne — mpeactaBmeHwss O mpHpoAc  abeppauuu
COOTBETCTBYIOT H37IaracMbIM B HACTOSLIEH paboTe, OXHAKO C
HEKOTOPBIMH MONPAaBKaMH. JDTU MONPABKU CBS3HBI C TEM, YTO 3eMJIS
HE TOIBKO TMEPEMEINACTCS B MPOCTPAHCTBE, HO M 00xyBacTCs
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notokamu >(upa, HANPaBICHHE W CKOPOCTh KOTOPBIX HOCHT HE
TONIBKO CTAIlMOHAPHBIN XapaKTep, HO YaCTUIHO M mepeMeHHbI. Kak
CTALIMOHAPHBIC MTOTOKH — 3(UPHBIN BETEpP, TAK M HECTALMOHAPHBIC B
HACTOSIIEE BPEMsi OOHAPYKEHBI SKCICPUMECHTAIBHO M HCCICIYIOTCS.
OtHocuTenpHAs  CKOPOCTh  3(HPHOrO MOTOKA  OTHOCHTENIBHO
MOBCPXHOCTU 36MHI/I YMCHBIIACTCA C YMCHBUIICHHUCM BBICOTBI Ha/J
3EMHOH MOBEPXHOCTBIO, uTO OBLIO 00HapyxeHo eme . K.Mumiepom
B 1925 r., HO yemy Torga He ObLIO JaHO oOBsicHeHus. CeromHs yke
SICHO, YTO 3TO VYMCHBUICHHUE CBS3aHO C BS3KOCThIO ddupa u
COOTBETCTBYT TEOPUM MOTPAHMYHOTO CJIOS Ta30BOTO IIOTOKA,
001yBaroIIEro map.

CoorBercTBHe 3HAYCHUH abepparuy, MOy ICHHBIX
SKCIICPUMCHTAJIBHO, PACUCTHBIM 3HAYCHUAM, CBUACTCIIBCTBYIOT O TOM,
qTOo (bOTOHI:I HC MCHIIOT CYLWICCTBCHHO HAIPaBJICHUSA CKOPOCTH IIPpU
MPOXOXKICHUHU MOrPaHHYHOr0 ciiost 3dupa B armochepe 3emiu, T.c.
B3aMMOJCHCTBHE OOKOBOro 3¢dupHOro motoka ¢ (GoroHamMu Maiao u
MOCTOSIHHASI BPEMCHHU IONCPEYHOr0 YCTAHOBJICHHS CKOPOCTH CBETa
OTHOCHTEIBHO IMOIMEPEYHOro MOTOKA JOCTATOYHO BEIHKA, O UEM YIKE
ObLTO0 cka3aHO Beime. HEKOTOPYIO aHANOrHMIO MOKHO BHACTH B
pacnpoCTpaHCHUU KOJICL AbIMA, BBIPBIBAKOIMUXCSA U3 ABIMOBBIX TPY6
[P HAJUMYUU TOPU3OHTAIBHOrO BeTpa (puc. 3.9).

Puc. 3.9. YMeHbIleHHe CcHOca JBIMOBBIX KOJI€II BETPOM II0 CPAaBHEHHUIO C
00BIYHBIM JAbIMOM.
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Ecmu Berep 3aMeTHO CHOCHT JbIM, TO JBIMOBBIC KOJBIA
OKa3bIBAIOTCS CMECLICHHBIMU HE3HAYHUTEIBHO.

Tem He MeHee, pa3muyre SKCIICPUMEHTANBHBIX JaHHBIX abeppaunu
UL pa3nu4HbIX 00CEpBATOPHI, PACHOIOKECHHBIX Ha Pa3IHYHBIX
MHUPOTaX HM  BBICOTAX,  JODKHO  OBITh  JOMONHUTEIBHO
MPOAHATM3UPOBAHO C TOYKH 3PCHHS HAIMYUS TOTPAHUYHOTO CIOS
3(¢upa, 3axXBaTHIBAEMOTO 3eMIICH TP €€ TBUIKCHUH.

Takum 00pa3oM, ¢ y4ETOM HEKOTOPHIX MOMNPABOK MOXKHO CUHTATh
KIACCHYECKYI0 TEOPHIO a0eppaunny, YUUTHIBAIOIIYIO HAIMYHE B
MpocTpaHcTse 3(Upa, B IEPBOM MPHUONIKEHUH YAOBICTBOPHTEIBHOM.
IIpocTpancrso.

3.6. BzaumopaeiictBue Jy4eii cBera

Cuuraercs, 4TO Jy4M CBETAa HUKAK HE B3aUMOJCHCTBYIOT MEKIY
co0Ooii. B OOMbILIMHCTBE CIy4acB 3TO TaK U €CTh, U 3TO OOBSICHICTCS
TeM, 4YTOo Teao (oToHa mpeacTtaBasieT coOOW  JOCTATOYHO
Pa3pEeKCHHYIO CTPYKTYPY 3a HCKIoUeHHeM kepHa. Ho kepH mmeer
Ype3BBIYAIHO MaITbIC pa3Mephl, U MpH BeTpede (HOTOHOB KEPHBI OyayT
orubaTth APYr Apyra, B TO BpeMs Kak Teiaa (OTOHOB MPOHAYT APYT
ckBO3b Jpyra. HeGonpimme m3aMeHEHHs, KOTOPHIE NPU 3TOM MOTYT
BO3HUKATh, BOCCTAHOBSTCS Cpa3dy K€ IMOCIC BbIXoga (OTOHOB B
cBOOOAHOE,

OgHako  MONOKCHHE  MOXKET  H3MCHHUTBCS B Clydae
B3aMMOJCHCTBUS KOT€PEHTHBIX IOJIIPU30BAHHBIX nTydeh ceera. Kak
BugHO u3 puc. 3.10, ecmu aBa (oToHA, 00IATAFOINUX OJUHAKOBBIM
CIHHOM, MPOXOMAT OMM3KO APYT OT APYra, TO MEKIY HHMH 32 CHET
KOITBLICBOTO ABIIKCHHS 00pa3yeTcs rpaJieHT CKOPOCTEH, B KOTOPOM
JasneHue 3>(¢upa NoHU3UTCs, U (POTOHBI OYIYT MPUTATHBATHCS APYT K
apyry. Ecnu ke ¢oroHsl 001a1ar0T MPOTHBOMOIOKHBIME 3HAKAMHU
COMHOB, TO OHH, HA00OpOT, OYyIyT OTTAIKUBATHCS APYT OT Ipyra.
COOTBETCTBEHHO HW3MCHATCS M HANpPAaBJICHUS PaCIpOCTPAHCHHUS
CBCTOBBIX IOTOKOB. BeposTHO, Hamboiee 3aMETHO TaKOE SIBICHHC
JODKHO HabmromaThes B ¢1a00 PacCeHBAIOUIMX CpeJaxX, HaNpHUMEp, B
mapax MeTajIoB.
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Puc. 3.10. BzanMojeiicTBre KOrepeHTHBIX HOISIPH30BAHHBLIX (POTOHOB: a) B
CIIyyae OJIMTHAKOBBIX CIIMHOB; 0) B CIIydae IIPOTUBOIIOIOKHBIX CIIUHOB.

BpIBOabI

1. CBeT He SBISICTCS SNEKTPOMATHUTHON BOTHOH, OTOXKICCTBIICHUE
€ro C 3JEKTPOMATHUTHON BOJIHOM B CBSI3U C PAaBEHCTBOM CKOPOCTEU
UX pacHpOCTPAaHEHUsT HE MOXKET CHIYKHUTb JOKa3aTeIbCTBOM HX
toxaecTsa. IloaTBep:kaeHnEM 3TOrO SIBJSIETCS IONHOE PACXOXKICHHE
3aKOHOB  3aTyXaHUsS CBETa M D3JICKTPOMATHUTHON BOJHBI B
HOJIYIPOBOASINEH CpeAe — B MOPCKOU BOJE, A€ CBET MPOHUKAET HA
rITyONHY Ha 5—6 HOPSAKOB OONBIIYIO, YEM BJICKTPOMATHUTHAS BOITHA.

2. Crpykrypy (OTOHA MOXXHO NMPEACTABHUTH B BHIC ABYXPSTHOU
LEMOYKH JIMHCWHBIX BHUHTOBBIX BUXpeld 3(upa, B KOTOPOH BHXpHU
OJHOTO psifa BPALAIOTCS B OAHY CTOPOHY, BUXPH BTOPOIO psiia — B
MIPOTHBOIIONIOKHYI0. Kaxaprii BUXps CkKaT B LEHTPAJIbHOH CBOEH
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gacti. Takast CTpyKTypa €CTCCTBEHHBIM 00pa3oM OOBSICHSCT
KOPIYCKY/ISIPHO-BOJHOBOM  Iyaiu3M, T. €. KOPIYCKY/UIPHBIC U
BOJIHOBBIC CBOMCTBA CBETA, OOBSICHSICT TMOISIPU3ALMIO, CITHH,
MMOCTOSHCTBO CKOPOCTH OTHOCHUTEIBHO 3(upa B [JAHHOW TOYKE
MMPOCTPAHCTBA U JPYTUEC CBOMCTBA CBETA.

3. Bce onTudeckue SIBICHUS MOKHO MHTEPIIPETUPOBATD C MTO3UIUI
supogunamuku. {15 OCHOBHBIX ONTHYCCKUX SIBICHUA — OTPAXKCHHUS
U TPEIOMJICHHS CBETa, nHTEpdepeHumu, qudpakiuu u adeppauu —

OKa3aJI0Chb BO3MOXHBIM MOCTPOUTDH COOTBCTCTBYHOIIUC
3(1)I/IpOL[I/IHaMI/I‘{€CKI/I€ MOACIHU, TIPU 3TOM CYHMICCTBCHHO YTOYHCHBI
npeaACTaBJICHUSA O CYyTU OHNTHUYCCKUX HBHGHHﬁ, npecacKasaHo

M3MCHCHUE 3HaKa CovHa (OTOHA MpU KKIOM OTPKCHHH OT
METaJITUYECKOrO 3epKana, a TAKOKE B3aUMOACHCTBIE MOSPU30BAHHBIX
Jay4eill ceeTa.

4. 3akoH Xab6ma «KpacHOro cMemeHus» CIEKTPOB CBETa
CBUACTEIBCTBYET HE O «pa30Oeranuu BeeneHHoi», a 0 moTepe sHEprun
¢oronamu wu3-3a Bs3koctH s¢wupa. Iloreps sHeprum ¢doroHamu
MPOHMCXOAUT IO IKCMOHCHIIUAIBHOMY 3aKOHY C MOCTOSIHHOW BPEMCHU
mopsiaka 10 mmpx ner.

5. PemukroBoc m3mydcHUE HE ABIACTCA ciaeacteueM «bosprmoro
B3pBIBA», 93TO IOCICTHHHA STam CcymecTBOBaHHUS (DOTOHOB,
HCIYIICHHBIX JANCKUMH 3Be3naMu. Ha 3ToM stane gotonsl yrpatunu
MEPBOHAYAIBHBIE CTPYKTYPY M HAIMPABICHUE PACHPOCTPAHCHUS. DTHM
)K€  OOCTOATEIBCTBOM MOXHO OOBSICHUTh TPaHULY BUAUMOU
Bcenennoii.
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3akaroueHue

W3 u3m0KeHHOrO BBIIIE CIEAYET, YTO, HECMOTPSI Ha BBICOKHE
JOCTIDKCHHST B METOAAX PacueTa CBETOBBIX SIBICHHA M ONTHYCCKUX
MpHOOPOB, LIMPOKOE MPUMCHCHHE WX HA MPAKTUKE, HAKOILICHHBIN
OTPOMHBIF OMBIT B CO3AaHUM M HCIOIb30BAHUU ONTHYCCKHUX
mpuOOpoB, (u3KUecKas ONTHKA, OT KOTOPOil Tpedyercs oOBsICHEHUE
(u3HUecKol CYIIHOCTH CBETA M CBCTOBBIX SIBICHUN, HAXOAWUTCS B
KPHU3UCE U HE CHOCOOHA HU OOBSICHUTh (PU3NICCKYIO CYIIHOCTh CBETA,
HU (PU3MUECKYIO CYIIHOCTh JA)KE OCHOBHBIX CBETOBBIX SIBICHHHA. JTO
CBSI3aHO C TEM, YTO TEOPETUYECKas (PU3MKA MPUHLIMITMAIIBEHO OTBEpIiia
caMmy MACIO CcyLecTBOBaHMA 3(upa — MHPOBOH cpelsl B mpupoae. bes
BOCCTAHOBJICHUS B ()M3UKE MpeacTaBicHU 00 >dupe BBIATH U3
cosgaBIierocs B (PM3MKE KPHU3HCA, B TOM YHUCIE, H B TCOPCTHYCCKOI
OIITHKE, HEBO3MOKHO.

AdupoguHaMutecKue NPEACTABICHUS O CYIIHOCTH CBETA U
CBCTOBBIX SIBICHHH HE TONBKO TMO3BOJSIIOT paspaboTaTth BCeE
HCOOXOAMMBIC IS 3TOr0 (hU3UUYCCKUEC MOACIH, HO U OOBSICHHUTH TC
SBIICHUS, KOTOPBIE JO CHX TOp TOIBKO JACKIAPUPYIOTCA,
MOCTYIHPYIOTCSI, HO HUKaK HEe 00BsCHSIOTCS. Pazymeercs, 3T0 TOMBKO
HA4aj0, HO HET COMHCHUS, YTO MMCHHO HAa STOM INYyTH (PHU3HKY B
LETOM M €€ OTHENbHBIC O0JacTH, B TOM YHUCIE H OINTHKY, MICT
CCpBE3HOE PA3BUTHC.



314 Jlureparypa

JTumepamypa

K znage 1

1. Bonu-bpyeBnu A.M. Ontuka// BC3I - 3-¢ uza.. M.: CoBerckas
sunukaonenud. 1974. T. 18. C. 442.

2. Kynpsisues II.C. Ucropus ¢usuxu. T. 1, 2. M.: Vunearus,
1956.

3. Heiitnun 3.A. Passutne BO33peHuil Ha npupoxy csera//
Tomcon Jx.Jx. DnexrpuuectBo u marepust. M.- JL.: ['ocusnar, 1928.
C. 128.

4. Mexapt P. N30pannsic npousseacHust: Llep. ¢ dpanw./ Iox pex.
B.B.Coxonosa. M.: 'oconmutuzgat, 1950.

5. Heroton HN. Onmuka wmm TpakTar 00 OTpaKECHUSX,
npeaoMiIcHUsIX, udrnOanusx u userax ceera: Ilep. ¢ anrn./ Ilox pex.
I'.C.Jlanac6epra. M.: I'ocrexuzaar, 1954.

6. I'yk P. OOmas cxemMa uiM WACS HACTOSINCTO COCTOSHHS
ecrectBeHHOoM  (uiaocodpun// Hayunoe naciaeactso. Ecr.-HayuH.
cepus. M- JI.: MUzn-8o AH CCCP, 1948. T. 1.

7. I'wiirenc X. Tpakrar o ceere: llep. ¢ ¢pann./ Ilog pexn.
B.®peacpukca. M.- JI.: OHTH, 1935.

8. BaBunos C.M. Ddup, cer u BemectBo B puszuke HproToHa.
Ucaak Heroton. COopHUK cTaTeil K TPEXCOTIAECTUIO CO AHS POXKICHHS.
ITox pea. C.M.BaBunosa. M.- JL.: U3x-80 AH CCCP. 1943. C. 33 —
52.

9. Makceean x.K. Huaamuueckas teopust moast. Y. VL
JnekTpoMarHuTHas Teopus ceera. M30p. cod. MmO  Teopuu
anekrpomarautHoro nojst: Ilep. ¢ anrn./ Ilox pea. I1.C.Kyapssuesa.
M.: T'ocrexteopusaar, 1952. C. 317-331.

10. T'eapmroasn I'. O coxpanenum cunel: Ilep. ¢ Hem. akan.
ILIT.JIa3apesa. M.- JI.: T'TTH, 1934.

11. Jlopenny I'.A. Teopust 57I€KTPOHOB M €€ MNPHUMEHEHHE K
SBJICHUSIM cBeTa U TeroBoro uanyuenus: llep. ¢ amrm/ Ilox pen.
A.K. Tumupsizesa u 3.A.Letitmuna. M.: TUTTIJIL, 1956.



Jlureparypa 315

12. Croaeror A.I'. CoOp. cou. T. 1-3. M.- JL.: I'octexuzaar, 1939-
1947.

013. Jleoeges I1.H. CoGp. cou. M.: U3x-80o AH CCCP, 1963.

14. Jlanacoepr I'.C. Omrruka. OOmmii kypce ¢usuku. T. 3. M.:
Hayxa, 1976.

15. Bopu M., Boab¢ IJ. OcHosrl ontuku: [lep. ¢ anrn./ Iox pen.
I''TL.Motynesuu. M.: Hayka, 1973.

16. Axwuesep AN, Bepecreuxnii B.B. Ksaurosasa
aneKTpoauHaMuKa. - 3-¢ u3a. M.: Hayka, 1969.

17. Knayoep Hdx., Cyaapman J. OCHOBBl KBaHTOBOH ONTHKH:
Iep. ¢ aurn./ Iox pea. C.A.Axmanosa. M.: Mup, 1970.

18. bonu-bpyesnu A.M. Cxopocts cBeta. // BCI - 3-¢ uza.. M.:
Coserckas sHuuknoneaust. 1976. T. 23. C. 520-521

19. d:xkedp B. Maiikeascon u ckopocts ceeta. Ilep. ¢ anra. M.,
1963.

20. J¢upnbiii Betep. CO. cr. mox pex. a.1.H. B.A.Amrokosckoro.
M.: Dueproaromusgar, 1993.

21. Maxwell J.C. Ether. Gr. Brit. Enc. v. 8, 1878. MakcBeJsi
k. K. I¢dup. B ¢6. cr. Makcsenn Ix.K. Crateu u peun. M.: Hayka,
1968. C. 193-206.

22.Michelson A.A. The relation motion of the Earth and the
Luminiferous Aether. Amer. J. of Sci. (3). XXXII.1881. P. 220;
Amer. J. Phys. 1881. Vol. 22. P. 120-129; Compt. Rend. 1882. Vol.
94. P. 520-523. MaiikenbcoH A.A. OTHOCUTEIBLHOE IBHKEHUE
3emiu u cBeTOHOCHBIH 3¢dup [ 20, c. 6-17].

23. Michelson A.A., Morley E.W. The Relative Motion of the
Medium on the Velocity of light. Ibid. (3). XXXIL.1886. P. 337; The
Relative Motion of the Earth and the Luminiferous Aether. Ibid. (3).
XXXIV.1887. P. 333; Phil. Mag. (4) XXIV. 1887. P. 449; Amer. J.
Sci. 1887. Vol. 34. P. 333-345; Phil. Mag. 1887. Vol. 24. P. 120-129.
Maiikenscon A.A. u Mopau I.B. O0 0THOCHTEIHPHOM JABHKCHUU
3emin B cBeTOHOCHOM 3dupe [20, ¢. 17-31].

24. Morley E., Miller D. Phil. Mag. 1905. Vol. 9. P. 680-685.
Mopaun 3J.B., Muuaep K. Ortuer 00 oskcnepuMeHTe MO
obHapy»xenuto 3¢ dekra dupkepansaa-Jlopenna [20, c. 35-42].



316 Jlureparypa

25. Miller D.C. Phys. Rev. 1922. Vol. 19. P. 407-408; Proc. Nat.
Acad. Amer. 1925. Vol. 11.Ne 6. P. 306-314; Science. 1925. Vol. 6/1
Ne 1590. P. 617-621. Mumnep A.K. Ddupnsiii Berep. Hoxman,
npounuTaHHb B Bamuarronckoit akagemun Hayk. Y®H, 1925. T. 5.
C. 177-185; [20, c. 62-71].

26. Miller D.C. Significance of the ether-drift experiments of
1925 at Mount Wilson. Science. 1926. Vol. 68. Ne 1635. P. 617-621.
Munnep JA.K. 3HaueHHe 5SKCIEPUMEHTOB MO OOHAPYKCHUIO
s¢upHoro Berpa B 1925 r. Ha rope Maynr Buncon [20, c. 71-95].

27. Conference on Michelson-Morley experiments. The
Astrophysical J. 1928. Vol. 68, Ne 5. P. 34-402. Kondepenuusi no
IKCIEPHUMEHTY Maiikenscona-MopJiu, COCTOSIBLIASCS B
obcepsaropun Mayut-Buscon. I'. Tlacagena, Kamudopuus, 4 u 5
¢espans 1927 r. [20, c. 112-173].

28. Miller D.C. The ether-drift experiment and the Determination
of the Absolute Motion of the Earth. 1933. Muanep I.K.
IKCIEPUMEHT O 3PUPHOMY BETPY U ONPEACICHHE aOCOTFOTHOIO
nerokenns 3emm [20, ¢. 185-259].

29. Michelson A.A., Peas F.G., Pirson F. Repetition of the
Michelson-Morley experiments. J. of the Optical Society of America.
1929. Vol. 18. Ne 3. P. 181-182; Maiikeabcon A.A., IIuc ®.I'.,
ITupcon ®. IlosTopenne sxcnepumenta Maiikenscona-Mopmm. [20,
c. 177-178]

30. Pease F.G. Ether drift data. Astron. Soc. of t. Pacific. S.-Fr.
Calif. Aug. 1930. V. XLII, N 248, p. 197-202; Iuc ®.I'. Hannsic o
JaBrokeHuH s¢upa [20, c. 179-185].

31. FO.M.I'anaeB. JddekTsr >dupHOro BEeTpa B ONBITAX IO
pacnpocTpaHeHUIO paauoBoiH. Paanodusuka u saekrponuka. TS5, No
1. C. 119-132. Xapskos: Hau. AH Ykpausnst. 2000.

K 2nase 2

1. Amroxoeckuii B.A. Ceer. B kH. AmokoBckuii B.A. O0Omas
s¢uponnHamuka. MoxenupoBaHue CTPYKTYP BCIIECTBA M MOJICH Ha
OCHOBC TIPCACTABJIICHUI O ra3omomoOHOM 3dupe. 2-¢ wu3a.M.:
Queproaromusaar, 2003. C.410-447.



Jlureparypa 317

2. Tomcon Lx.Jlx. Ilpupona ceera// DNEKTPpUUECTBO U MaTCPUSL:
ITep. ¢ aurn./ M.: I'ocuzpart, 1928. C. 113-132.

3. Tietjens O., Prandtl L. Hydro- und Aeromechanik, I Band,
Berlin, 1929. P. 217-235.

4. Karman T. Collected work. Vol. 1-4. London, 1956.

5. Ilerpor I'.'U. O6 ycroitunBoctn BUXpeBbIX cioes// Tp. Llaru.
M.: M3a-8o Laru, 1937. Beim. 4.

6. Jlam6 I'. T'ugpomexanuka: Ilep. ¢ amrm/ llog pea.
H.A.Cneskuna. M.- JI.: OI'3, 1947.

7. JlaepentbeB ML.A., IllabaTt b.B. [IpoOnembl rugpoanHaMUKH U
nx Matemarmdacckue ananoru. M.: Hayka, 1973.

8. JIyroeuos A.A., JIyroeuos B.A., Tapacos B.®. O gemwxeHun
TypOyICHTHOrO BHXpPEBOro Kompla// JlMHaMHKa CIUIOIIHOHM Cpesl.
Bein. 3. Hoocubupck: M3a-so Uu-ta rugpoaunamuxku CO AH
CCCP, 1969. C. 50-59.

9. Hexpacos A.W. Tuddyszus suxps// Codp. cou. M.: Uzg-s0 AH
CCCP, 1961.T. 1. C. 92.

10. Hubble E.P. A general study of diffuse galactic nebulae. The
Astrophis. J. 56, Ne 3. 1922.30. The realm of the nebulae. N.Haven.
Lond. 1936. The observation approach to cosmology. Oxf. 1937.

11. CronsieB P.A. PenukroBoe mzmyuenue// BCI - 3-¢ u3x. M.:
Coserckas sumukionenus, 1975. T. 21. C. 632.

12. Ambapuymsn B.A. Bcenmennas // BCQ - 3-e m3m. M.
Coserckas sumukionenus, 1971. T. 5. C. 443-445.

13. Hxaosckuii U. C. Bcenennas, xussb, pasym. M.: Hayka.,
1987)

K z2nage 3

1. BoiimBuiio H.A. Ortpaxenne ceera// BCIO - 3-e¢ m3x. M.:
Coserckas sumukionenus, 1972. T. 19. C. 11-12.

2. Karanos M.H. ®epmu mnosepxnocts// BCI - 3-¢ m3n. M.:
Coserckas sumukionenus, 1977. T. 27. C. 306-307.

3. Karanos M.HU., ®unaros A.Il. Ilosepxnocte Pepmu. M.:
3uanue, 1969.



318 Jlureparypa

4. IManoBko S.I'. BeencHue B Teopuio MeXaHUIECKOro yaapa. M.:
Hayxa, 1977.

5. 'ogskaes H.M. Ilpenomnenne n oTpakxeHHE CBETAa HA I'PaHUIIE
Mekay amdaekTpukamu//Ontuka. M.: Beicmas mkoma, 1977. C. 45-
66.

6. AwmoxoBckuii B.A.  @Ousuueckas CyUHOCTh 3JCKTPO- H
TEIUIONPOBOIHOCTH MeTa/uioB. B kH. AmroxoBckuii B.A. OOmas
s¢puponnHamuka. MoxenupoBaHue CTPYKTYP BCIIECTBA M IMOJICH Ha
OCHOBE TIPCACTABJIICHUI O ra3zomomgoOHOM 3dupe. 2-¢ wu3a.M.:
Queproaromusaar, 2003. C. 286-290.

7. bere I'., 3ommepdenbn @. DneKkTpoHHAS TCOPUS METAILIOB:
Ilep. ¢ vem./ Ilox pen. M. A Enbsiuesuua. M.- JI.: OHTH, 1938.

8. JIupuung .M., Azdear M.A., Karanos M.W. Jnekrponnas
teopus meraioB. M.: Hayka, 1971.

9. BoituBunno H.A. Ilpenomienue ceera// BCI - 3-¢ uzg. M.:
Coserckas sumukionenus, 1975. T. 20. C. 518.

10. Tananun M.JA. Unarepdepenuus ceera// BCI - 3-e¢ uza. M.:
Coserckas sumukionenus, 1975. T. 10. C. 337-338..

11. Baiinmreitn B.K. dudpakuus csera// BCI - 3-¢ mzg. M.:
Coserckas sunukionenus, 1972. T. 8. C. 325-328..

12. T'wiirenca-®penenss mnpunnun// bBCI - 3-e wuszpg. M.:
Coserckas sumukionenus, 1972. T. 7. C. 475.

13. Bopu M., Boab¢ IJ. OcHosrl ontuku: [lep. ¢ anrn./ Iox pen.
I''IL.Motynesuu. M.: Hayka, 1973.

14. Kyauxos K.A. AGeppamus ceera// BCI - 3-e m3n. M.
Coserckas sumukionenus, 1969. T. 1. C. 20.

15. Kosioxkoaos E.I1. O 3Be3gHoit abeppauuu. B ¢0. [IpossreHue
kocMuieckux ¢Gaktopos Ha 3emue u B 3Bezgax // IIpobGremsr
uccnenosanus Beenennoii, Beim. 9. M.-JI. BAI'O, 1980. C. 114-124.

16. Dd¢upnbiii Berep. COopHuK crareii moAg ped. A.T.H.
B.A.Amrokosckoro. M., DHeproaromusaat, 1993.

17. Tanaes KO.M. J¢ddektsl 3dgupHOro BETpa B OMmBITAX IO
pacnpoCcTpaHCHUIO PaaroBoOIH. Pagnodusuka u anekrponnka. T. 5, Ne
1. Xapokos, Har. Ak. Yip. 2000.



Jlureparypa 319

18. Ilnuxtunr I'. Teopus norpanmuanoro cnos: [lep. ¢ Hem./ Iog
pea. JLI Jlotiusuackoro. M.: Hayka, 1974. I'n. XI. C. 227-232.

19 Boltze E. Grenzschichten and Rotationkorpern. Dis. Gottingen,
1908.



