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Yactb 1

ddmpoanHaMmuyeckme OCHOBBI
3NEeKTPOMATHUTHbIX ABIEHUN

Beeoenue

DupHast TeOpUS. .. JAET HAJICK/Ty BRISICHUTD, M0 SBISCTCS COOCTBEHHO
CyGCTPaTOM BIIEKTPUYECKOTO JBIKCHUSL, A0 COOCTBEHHO 32 BEIIlh
BBI3BIBACT CBOMMHU JIBIDKEHUSIMU SIICKTPUUCCKUC SIBICHUS

@ Onzenve [1]

Kak wu3BeCcTHO, pa3BUTHE TCOPUH JJICKTPOMATHETHU3MA MPOLILIO
STArbI:

- CTUXHMIAHOTO HAKOIUICHUS (DaKTOB;

- OMIBITHOT'O HAKOIICHUS (PaKTOB;

- MOMNBITOK CO3JaHHUS (DUIMUECKUX TEOpHUi, OOBICHIIOLINX
3JICKTPOMArHETH3M;

- MOMBITOK CO3AaHUS (DU3UYCCKUX M MATEMATHUYCCKUX TCOPHI,
OMKCHIBAOIINX JJICKTPOMATHUTHBIC SIBICHUS W  TO3BOJISIOLINX
C031aTh METOAMKH KX pacyueTa,;

- 0000mmeHuss (QUINUICCKUX U MATEMATHYCCKUX Teopuit
3JIEKTPOMArHeTU3Ma U CO3JaHus €AUHON MaTeEMaTHYECKON TEOPUH;

- OKCIICPUMCHTANBHBIX  HCCACAOBAHMMA, UMCIOMIMX  LICTBIO
MMPOBEPKY U MOATBEPKACHHUE MOJOKCHUH 001Ieii Teopun;

- BHCPCHUS MOJYICHHBIX PE3Y/IHTATOB B IIMPOKYIO MPAKTHKY.

Ha 0ase MHOTOYHCIICHHBIX OMBITHBIX JAHHBIX OB HAPaOOTaHBI
METOJBl PACUYCTOB, IO3BOJUBIINC TOYHO PACCYUTATH CHUJIOBBIC U
Cc1a00TOYHBIC YCTPOWCTBA M arperatel, JUHHM [Epeaadd U
anaekrpuueckue Hemu. A B XX crometun Ha 0a3e MOMYYCHHBIX K
STOMY BPEMEHH 3HAHUA OBUIM CO3JAaHBl BAKHCHINHEC OTpaciu
COBPEMCHHON  MPOMBIIIICHHOCTH —  3JCKTPOMAIIHHO-CTPOCHUE,
PAAMOTCXHHUKA ©  JJICKTPOHUKA, O€3 KOTOPBIX  HEMBICIHUMO
CYLISCTBOBAHUE COBPEMCHHOIO ueiaoBeuecTBa. [lomoskeHue o TOM,
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YTO «HET HHUYEro O00/Jee NPUKIATHOTO, UYEM XOpOIIas TCOPHS»,
MTOJTHOCTBIO CEOSI OMPABIAI0 HA MPAKTHKE.

Tem He MeEHEe, B TCOPETHYCCKHUX OCHOBAX 3JICKTPOMArHETH3MA
HAKOMUJIOCh MHOXXECTBO HEAOCTATKOB, TJIaBHBIM U3 KOTOPBIX
SIBJIICTCSL  TIOJTHOC HCMOHUMAHHUE CcaMoi (DU3MYECKOH CYIIHOCTH
3JCKTPUYECTBA M DJCKTPOMATHUTHBIX SIBACHHUNA. OJICKTPHUUCCKUIN
3apsi CYMTACTCS Kak Obl BPOXKIACHHBIM CBOMCTBOM 3apsIKCHHBIX
YacTHI], a CaMH OJJICKTPHYCCKUE YACTHIBI HE HMMCIOT HUKAKOU
CTPYKTYPBl M HHKAKOTO CTPOMTCIBHOrO MaTepuaia, OHU JaKe HE
MMEIOT YETKOro pasmepa. He ompenencHa Takke U (pU3HUCCKas
CYITHOCTh 3IIEKTPUUCCKOTO W MArHUTHOTO Tojich. TepMuH «rome —
0COOBII BHJ MaTCPUU» HHYCTO HE OOBSICHSCT M CBOJUT BCErO JIHIIb
HEMOHSATHOC K HCU3BECTHOMY .

B Tcopum  3iCKTpOMArHETH3MA  HAKOMMIOCH — MHOXECTBO
MapajoKCOB, HAMPUMEP, DHCPrCTHUCCKUIA  MApajgoKC  YaCTHII,
MMOCKOJIbKY OHU HE MMCIOT Pa3Mepa, XOTS UMCHOT MAarHUTHBIH MOMCHT
U 3apsid, TO UX dHEPrus M0/uKHA ObiTh OeckoHewHO Oonbioit. Ho To
’K€ OTHOCHUTCS M K JIMHECHHOMY MPOBOJHHUKY, B KOTOPOM MpH JTFOOOM
3HAYCHHUH MPOTCKAIOIICTO TOKA SHEPTUSI MATHUTHOTO IMOJISI CIUHHULIBI
JUTMHBI TPOBOJAHMKA OKA3bIBACTCSI OCCKOHEYHO OONBINOW, W TOJE,
cO31aBacMOC OOpATHBIM MMPOBOJHUKOM HE pPa3pellacT CUTYaLuH,
[MOCKOJIbKY OOpATHBIA MPOBOJAHUK MOKET OBITh PACIONIOKCH Ha
Tr000OM PACCTOSIHMM U OOLas SHEPrHs CUCTEMbl MPOBOJOB MOXKET
OBITH JOBEACHA J0 JTI000r0 3HAUCHUS.

Nmerompiecss Ha CEroAHs TCOPSTHYCCKUE 3HAHUS B 001acTH
3JCKTPOTCXHUKH  MO3BOJAMIM  pa3paboTarh METOJABl  PaCucTOB
3JCKTPUYCCKUX M MArHUTHBIX YCTPOHCTB U CHCTEM, WCIOIb3YS
KOTOpPBbIC Pa3pabOTIMKU CO3AAN BCE 3TU YCTPOMCTBA U CUCTEMBI, TO-
MPEKHEMY HE MPEACTAB/sIsE (PU3MuecKux OCHOB uxX pabotel. Ho
oOwIMpHAsT MMOJOXKUTEIbHAS MPAKTHKA, TEM HE MCHEE, Cco3Jana
BIICYAT/ICHUE O 3aKOHYCHHOCTH HAYKU 3JICKTpOMarHerusma, o0 ce
COBCPILICHCTBE. JTO OCOOCHHO OTHOCHTCS K  YPaBHCHHUSIM
afaekTpoauHamuky, paspaboranusiM Jx.K.Makceemiom BO BTOpOIt
mosioBrHE 1910 cronerus. DT YpaBHCHHS OKA3aJIMCh CTOJIb XOPOIIHU
U H UX OCHOBE CO3JAHO TaK MHOTO BCETO, YTO Y YUCHBIX-3JICKTPUKOB
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CIOXKUIIOCh  MHCHHE 00 M3 COBEPLICHCTBE U 3aKOHYCHHOCTH. OHAKO
CIIEAYET 3aMETHUTh, YTO BCSAKHE YPABHEHUS OTPAKAIOT TOIBKO MATYIO
YacTh BCEX CBOWCTB MOJECIH JIFOOOTO SIBICHHUS, IPHYEM CaMa MOJEIIb,
JaBllasi >KU3Hb VPABHCHUSIM, TOXKE OTPaXKaeT CBOMCTBA SIBICHHUS
YaCTHYHO, W HWCKIoueHuil 3aech Her [2]. Tlosromy u ypaBHEHHS
MakcBenia OTpaXkaroT JHIIb YacTh CBOHCTB TOW MOAETH, KOTOPYIO OH
pazpaboTan A SJICKTPUICCKUX SBICHUHN, & €ro YPABHEHUS OTPAXKAIOT
JWIIb YacTh CBOMCTB 3ToW Moaenu. OTcroga yTOYHCHHE YPaBHEHHU
SJICKTPOAMHAMUKHN Ha 0a3e YTOYHEHHBIX MOZAENCH JOMKHO CTaTh
OOBIYHBIM PaOOYHM JETIOM M HE JOJDKHO BBI3BIBATH OTTOPIKCHHUS.

B sroif kHHre i1 MOHMMAaHUWS CYIIHOCTH SJCKTPOMATrHHT-HBIX
SIBIICHUN MPUBICUCHB 3(QUPOIMHAMHYCCKHE  MOJCIH, B OCHOBC
KOTOPBIX  JIGKAT JABIDKCHUS d3¢upa — (GHU3MUECKOH  cpensl,
3aMONMHSIOICH BCE MHPOBOC NPOCTPAHCTBO U SIBISTIOLICHCS
CTPOUTENBHBIM  MATEpUANIOM AT BCEX  0€3  HCKITIOUCHUS
MaTepHaIbHbIX 00pa30BaHMUi, BKIIOYAs BEIICCTBO, BJICKTPUUICCKOE U
MarHuTHoe mojs. IMEHHO IBIDKECHHE TMOTOKOB 3(Hpa, B KOTOPBIX
00pa3yroTcss TPAAUCHTHl JABJICHUN, OKA3bIBACTCSA TOW (DU3MUCCKOMN
OCHOBO#1, KOTOpas U 0OCCIICUNBACT BCE TE SIBICHHS, KOTOPBIC HAayKa
OTHOCHT K KaTeTOPUH 3JCKTPOMArHUTHBIX SIBICHUH [2].

Pazymeetcs, sdupoanHamuyeckue Momenu, Kak U BCSKHE
¢dusnUecKkiue MOJCTH, TOKE HE OTPAXKAIOT M HE MOTYT OTPaKaTh
3JICKTPOMATHUTHBIC SIBICHHUS BO BCEH IONHOTE, TEM HE MCHEE, IO
CPaBHCHHMIO C COBPEMCHHBIMH MPEACTABICHUSMHU 3TO IIar BICPEQ,
MPHYEM IIAT CYIIECTBCHHBIH.

AdupoauHamMuka €CTh pa3aca MEXaHHKH, TMOCKOIbKY KaK U BCS
MEXaHHKa ONMCPUPYET MEPEeMEIICHUAMU Macc B mpoctpaHctse. OHa
OMHUPACTCS HAa MOACIBHBIM U MATEMATUYECKHI ammapaTr ra3oBOU
MEXaHHKH, TOCKOIBKY Ha BCEX YPOBHSX HEPAPXUUCCKOH OPraHU3aNN
MaTepuH JCHCTBYIOT OJNHU W T€ K€ (PHU3UUCCKHE 3aKOHBI, a 3(up
okazancs (QU3MIecKoi ra3onoxoOHOU cpeJol cO BCEMH CBOWCTBAMHU
OOBIYHOTO PEambHOro, T.€. BI3KOrO CXKHMMaeMoro raza. B sTtom
oK3amach H cuma SQUPOIUHAMHYECKOTO TOAXO0JA, IOCKOIBKY
s(pupoIMHAMHUKA ~ TONy4YHJIa OT CMEXHOM o0JacTh — rasoBoid
MCXaHUKH BECh HApaOOTAHHBIA MOJCIBHBIH M MaTCMATHUYCCKUI
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armmapar. He Bce mpoGiiemMsr B caMOM 3TOM ammapare OKa3ajnch
PCIICHHBIMH, HO 3TO BCE K€ €CTh OCHOBA, KOTOPOH O0Ka3aioch
BO3MOYKHBIM BOCIIOIb30BAThCS Jinie: MO/ICTUPOBAHUS
3JICKTPOMATHUTHBIX SIBICHHUI, YEr0 PaHbIIC HE OBLIO. A MOCKOIBKY
BCEC OTO MEXaHWKA, TO MOJACIH OKA3aIWCh HATIISAHBIMH, BOMPEKU
VTBEPXKACHUSAM HCKOTOPBIX «YUCHBIX» O TOM, 4YTO HHKAKHX
HATISJHBIX MPEACTABICHUN A1 MUKPOMHUPA CO3AaHO OBITh HE MOJKET.
OHu omuOaNCh, MOACTM CO3JAHBI, M HAa HMX OCHOBC OKa3ajaoCh
BO3MOJKHBIM HE TOJIBKO TMOHSITh (PU3UUCCKYIO CYIIHOCTh OCHOBHBIX
3JICKTPOMATHUTHBIX SIBIICHUM, HO U YTOYHUTH HCKOTOPHIC YPaBHCHHUS,
B TOM YHKCJIC ypaBHECHUs MakcBelia, MpeacKa3aTh HEKOTOPBIC HOBBIC
SBJICHUSI W MPOBECPUTh WX B J1a0OPaTOPHBIX, a HEKOTOPhIE U B
HATYPHBIX YCAOBUSX. JTH HOBBIC SIBJICHHS, KaK T'OBOPHIINA PaHBIIE,
HaWJCHBI «HA KOHYMKE IMEpa», T.e. MPEACKA3aHbl Ha OCHOBE HOBBIX
MOJEJBbHBIX NPEICTABICHUHN O CYLTHOCTH SIBJICHUIA.

Takum oOpa3zom, >¢upogMHAMUKA MO3BOSIET B  OOmacTu
3JCKTPOMATHETH3MA CICIATh CLIE OJWH IHar, 4TO, HECOMHCHHO,
OK)KETCS MOJIC3HBIM U B MpUKIagHOM acrekre. Ho mpu Bcem 3TOM
3TO TOJBKO HAYaJ0 HOBOrO J3Tama pa3BUTHS  Y4CHUS 00
3JICKTPUICCTBE.
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NnaBa 1. YTo Takoe aneKTpnyecTBO?

1.1. KpaTkast uctopusi CctaHOBJSIEHUA TEOPUMN
anekTpomarHeTusma

CoBpeMEHHON TECOPUH  BIEKTPOMATHETH3MA  MPEALICCTBOBAI
JUTUTCTIBHBI TEPHOA HAKOIUICHHS 3HAHMKA 00 BIEKTPHYECTBE U
marHermsme [1]. B XVII u XVIIlI BB. uccreaoBaHHIO MPUPOIBI
ajeKkTpuuecTBa ObuiM  mocBsimieHbl  Tpyael  M.B.JIomonocosa,
I'.B.Puxmvana, b.®panknmuna, I1.0.Kynona, ILJluBnma wu apyrux
yueHbIX. Pemmarormee 3HadueHue nmMeno cozganve A.Boasra mepsoro
HCTOYHUKA HEmpeprlBHOro Toka. B mepmoii tpetm XIX cromerus
ObLTM MPOBEACHBI MHOTOYHCICHHBIC HMCCICIOBAHUS XHMHYCCKHX,
TETIIOBBIX, CBCTOBBIX M MATrHUTHBIX SIBJICHUI, BBI3BIBACMBIX
3JIEKTPUYECKUM  TOKOM (rpyzer  B.B.IIerposa, X.K.9pcrena,
H.®.Aparo, M.Dapanest, JIx. I'eapu, A.M.Ammepa, [.C.Oma u
apyrux). Bo Bropoii momosure XIX B. 3TH paboTH MOMYYHIH
MHOTOYHCIICHHbIC MPAKTHYECKIE BHEAPCHUSI BO MHOTUX pa3paboTKax,
HAIICUINX [HPOKOE IPUMEHECHHUE B poMbitiieHHocTH [2—4]. U mpu
BCEM STOM MPAKTUYCCKU HUKTO HE 3HACT, KAKOBA CYTh SJCKTPHICCTBA
Y MarHeTH3Ma, 4Ymo OHH COOOH MPEACTABISIOT, B YEM 3aKIFOUACTCS
ux (usndeckas npupoaa.

HyxHo ckazate, uro B XIX B. ObLIM NpEInpUHATEI HEKOTOPHIC
TMOMBITKY Pa300paThesl B BOIPOCE O TOM, UTO K€ MPEACTABISIOT COOOI
SJEKTPUYICCTBO M MAarHETH3M (DPU3UYUCECKH, U3 YEr0 OHU COCTOAT M KaK
OHU yCTPOCHBI. Tak WK WHAYE, BCE OHU ObLIN BBIHY)KACHBI ITPHUBIICYb
K PACCMOTPEHHUIO MPEACTAaBICHUS 00 3(upe, ABIKCHHUS KOTOPOro, IO
UX MHCHUIO, U JIKAITH B OCHOBE 3JICKTPOMATrHETU3MA.

M.@apaneii BBHIABHHYN TPENNOIOKEHHE O CYIIECTBOBAHUU
CHJIOBBIX TPYOOK 3jektpuuectBa («DapaaeeBsl CHIOBBIC TUHUI») [5,
6]. IpeacraBieHus 00 3IEKTPOMATHUTHBIX SIBJICHHUSIX KaK O BUXPEBBIX
JBWDKCHISIX  S(QUPHOW  >KUAKOCTU Obmn  chopMyTHUPOBAHEI
I'I'enemromeirem [6], B.Tomconom [7], Yenmucom [8], Makcsemiom
[9], a Taxoke HEeKOTOpBIMU apyrUMHU aBTOpaMu — Xesucaigom [10-11],
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Kemm6ennom [12], Jlapmopom [13], Jlamxesenom [14], AGparamom
[15] u ap. 3HauMTETBHBIH BKIA B MOHMMAHKC ITPOLIECCOB, CBSI3AHHBIX
C TPOXOXKICHUEM 3JJICKTPUYECKOr0 TOKA IO MPOBOAAM BHECIH
Hemeuxuii pusuk I1.1Apyne [16], cozaaBumm 371EKTPOHHYIO TCOPHUIO
MPOBOJMMOCTH METajIoB, u Huaepaanackuii ¢usuk I.Jlopenr [17]
CYWIECTBEHHO pPa3BHBINMN M JONOIHUBIIMKA 3Ty Teopuio. B XX
CTONICTHN TOA00HBIC uaeH BbickasbiBajuch J[x.Tomconom [18],
H.K Kacrepunsim [19], B.®.Murkesutuem [20].

Maremarudeckasi TEOpUsl SICKTPHUCCTBA M MarHetuzma Oblna
CO3/JaHa U MPAKTHYSCKH 3aBepiucHa BO BTOpoi mojioBune XIX B. Ee
amo()eo30M ABUJICA 3HAMCHHUTHIN «Tpakrar 00 SICKTPUUCCTBE U
maraetusme» [21], Hamucanubiii Makceemaom B 1873 r. B Hem
MakcBemny yaazoch oOOOLIMTE pPe3yapTaThl paboOT psiAa YYCHBIX
Takux kaxk B.TomcoH, M.®apazeii, I'.I'empmronsu, Kupxrod,
Paukun, Kymon, Ammnep, Puman, Hefiman, Opcren, Jlenn u maOrnx
apyrux  (Crokc, Bebep, Yemnmuc, ®uso, Bepane, Pus, bup, Xomx,
Ksunke, I'pun, [Jlxenkun, Jlarpamk, ®emuun, ®dyko, Kuobmayx,

[Mynee) U JOHOJHUTh JOCTIDKEHUSI  UCCIEJ0BaTENeH
3JIEKTPOMArHUTHBIX SIBJICHUM TOrO BPEMEHU TeOpUeu
sJekTpoMarHuTHoro mnomst. B «Tpakrare» Makcsemnom Obuin
OKOHYATEIbHO oopmeHs! 3HAMEHUTBIE YpaBHEHUS

SJCKTPOAMHAMUKY, MONy4YUBIIHE ero uMms. B takom Buae Teopus
3JIEKTPOMArHETU3MA COXPAHUJIACh A0 HAIIUX JAHCH MPakTHYECKU Oe3
mmeHennii.  Tpakrar MakcBemna  sSBWICI  OCHOBOM — BCEX
MOCNEAYIOMUX YICOHUKOB IO 3JIEKTPOTEXHUKE M SJICKTPOIUHAMUKE.

[Toxkanyii, He MeHbluee 3Ha4ycHHe mMmena u padorta I'.JIopenma
«Teopusi DJEKTPOHOB M €€ IPHUMEHEHHE K SBICHHSIM CBeTa M
TEIJIOBOTO M3IyueHMs», HarrcanHas um B 1909r. [17].

PaGoTter MakcBenna ¥, B YacTHOCTH, €ro yYpaBHEHUS BIEKTPO-
MarHUTHOTO TIOJS OKA3aJM PEINAOIIEe BIUSHAE HA PA3BUTHE YXKE B
XX cromeruu TakuX OONACTeH HAYKHM, KakK OJJICKTPOTCXHHKA,
3JEKTPOIUHAMUKA, PAINOTEXHHKA, JIEKTPOHUKA U Jake onTuka. U3
STHUX 3HAMECHUTHIX YPAaBHCHHH BBITEKAJIO, YTO MOTYT CYLICCTBOBATH
3JIEKTPOMArHUTHBIE BOJHBI, PACIPOCTPAHSAIOMNECS B IPOCTPAHCTBE
CO CKOPOCTBIO CBETa. JTO MpeackazaHue Oblio caenaHo MakcBemiom
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B pabore «O ¢usmdeckux cunosbix muHusax» (1861-1862) [9]B sroit
pabore MakcBemn, TOMB3YSACh MOJEIBIO HEKOETO BHXPEBOTO
MexaHu3mMa B 3(QHUpe, BICPBBIC MPUXOJUT K CBOUM 3HAMCHUTHIM
VPaBHCHUSM U BBOJUT I[IOHATHE TOKA CMCHICHHUS. MakcBen
COBCPILICHHO OMNPEACICHHO CTaHOBUTCS Ha mnosuuuu Papages,
CBSI3aHHBIC C MPU3HAHUEM PCATBHOCTH (DU3UYCCKOTO COCTOSHUS
Cpeasl, MPEACTABISICMOr0  CHJIOBBIMH  JuHUsSMH.  KoHuemus
OJIM3KOJACHCTBYS CIIOKUIACh Y HETO OKOHYATCIBbHO, M JajbHEHIICH
ero 3ajadyeii CTajo OTPa3UTh CTIPYKTYPY MOIS B MOJCIIX H
VPaBHEHMSIX, 4TO U ObLTO MM BhIMONHEHO B 1873r. B «Tpakrare 06
3JCKTPUYCCTBE U MArHCTU3ME.

Hcxons w3  ypaBHeHmH  MakcBemaa, OCHOBAaHHBIX — Ha
MPEICTABJICHUAX O BUXPCBBIX ABIKCHUAX 3(upa, HEMEUKUU (pusuk
I'eupux T'epuy B 1886-1889rr. ¢ momMompio HU300PETCHHOTO UM
BHOpaTopa SKCIEPUMEHTATIBHO JoKazan CYLIECTBOBAHUE
9JICKTPOMATHUTHBIX BOJIH W MCCIICAOBAN WX CBOMCTBA (OTpaskeHHME OT
3epKall, MPCIOMICHUE B TPHU3MaxX W T.IL.). [epIl MOATBEPIUN BCC
OCHOBHBIE  BBIBOJBI  MAaKCBE/LIOBCKOM TEOPUHU O  CBOMCTBax
3ICKTPOMATrHUTHBIX BOJH [22].

Ilocne ony6mukoBanmss B 1888 r. pabor I'epua mo
3JCKTpoauHAMUKE pycckuil ¢usuk u usodperarear A.C.llomos B
1895 r. co3man HEOOXOAMMYIO IS MEpPeJadyd U OpuUeMa
SJCKTPOMATHUTHBIX BONH amNlaparypy, 4YeM TMOJIOKHI Ha4alo
paauorexHuke [23].

Takum 00pa3oM, ypaBHCHHS 3JCKTPOMATHUTHBIX MPOLECCOB,
BeiBeAcHHBIC JDk.K.MakcBemmom Ha OCHOBE MPEACTABIACHHUI O
BHUXPCBBIX JBIDKCHMSIX 3(upa, HE TONBKO HMEIOT TECOPETUUYCCKOS
000CHOBaHUE, HO U MPOLLIN BCECTOPOHHIOK MPOBEPKY MPAKTUKOU.

Iloe3Ho HAMOMHHUTB, YTO YPABHCHUS  SJICKTPOIUHAMUKH
BbIBeICHBI MaKCBENTIOM HA OCHOBAaHHM MOJCICH MBIKeHUS d(upa, B
CYLIECTBOBAHUU KOTOPOro MakcBei1 ObLT YOCIKIACH.

«JleficTBUTENBHO, — MHIIET MakcBem, — €ClIi BOOOIIEC SHEPrus
MepetacTcs OT OAHOrO TeNa K APYrOMY HE MTHOBEHHO, a 32 KOHEYHOE
BpEeMsI, TO MO/DKHA CYIIECTBOBATh CPEAd, B KOTOPOH OHA BPEMEHHO
mpeOBIBACT, OCTABUB MIEPBOC TEJIO U HE JOCTUTHYB BTOpOro. [loaromy
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STH TCOPUHU JODKHBI MPUBECTU K CYLICCTBOBAHHIO CPEABI, B KOTOPOIt
Y IPOUCXOJUT 3TO PACHPOCTPAHCHUE.

YpoBeHp  3HaHWII  CBOWCTB  3dHpa  TOrAa  OKazaucs
HEJOCTATOYHBIM, BO3MO)KHO, IO 3TOU MPHYHHE CKOJIbKO-HHOYIb
YAOBIECTBOPUTEABHON  KAUECTBEHHOM TEOPUH 3IEKTPOMArHUTHBIX
SIBIICHUN CO3JaTh HE YAAJOCh, W BHHUMAaHHE HCCICIOBATENCH OBIIO
o0pameHo K KOMMYCCTBCHHOMY W3YUCHHIO OJICKTPUYCCKHUX U
MATrHUTHBIX SIBICHUH, BBISBICHUIO 3aKOHOMEPHOCTECH M CO3AAaHUIO Ha
X OCHOBE pacueTHbIX MeTomoB. Ha 3ToM myTu OBLIM MHONyYEHBI
BBIJAIOINNECS PE3YNbTaThl, I[O3BOJMBIINEC CO3JATh COBPEMCHHYIO
MaTEMaTHYECKYIO TEOPHIO dekTpomMarnern3Ma. Ho He pusmueckyro.

B cBa3m ¢ TpymHOCTAMH co3maHUS (PHU3MYUECKOH TEOpHH
SJEKTPOMATHETU3MA, & TAKKE B CBS3U C YCIEXaMH KOIMYECTBEHHBIX
METOAOB y MHOTMX TCOPCTUKOB W  TPAKTHKOB  CIOXKHIOCH
BIICUATIICHUE O TOM, YTO HUKAKOH HEOOXOAWMOCTH B IOHHMAHHU
CYTH BIEKTPUYCCKHX W MArHUTHBIX siBICHWI Her. OmHako Takoe
MHEHHE r1y0oKo omubouno. Hemonnmanue usmueckoil CyuHOCTH
SIBIICHUN MPUBOJUT K TOMY, YTO CO3JAHHBIC KOJTHYCCTBCHHBIC METOMBI
HAYMHAIOT MPUMCHATHCS 0€3 KaKuX Obl TO HH OBLIO OrpaHHYCHUH, YTO
WHOTJAa OPUBOIUT K OonbimuMm omubOkaMm B pacuerax. bomee Toro,
HEYYTCHHBIMH OKa3bIBAFOTCSl MHOTHE CYIIECCTBEHHBIC OOCTOSTEIbCTBA.
U eme Gomee — MOSBISIOTCS HOBBIC 3aJa4H, KOTOPHIC CO3JAHHBIMU
METOJaMU PELINTh HE MPEACTABISETCS BO3ZMOXKHBIM, U OHU OCTAIOTCS
HepeleHHbIMH. [I[puMepoB TOMy MHOrO M B 3JICKTPOTEXHUKE, U B
PaaMOTEXHHUKE, U B JPYTUX OOIACTAX, TAK MM HHAYC CBS3aHHBIX C
3JICKTPOMATHUTHBIMU SIBJICHUSIMU, JAKE B ONTHKE.

Ecnu Ovl Oblna co3naHa kauecTBEHHAS TCOPHS BIEKTPOMATHUTHBIX
SIBIICHUH, TO, BEPOSTHO, OONBIIMHCTBO (YHKLIMOHATBHBIX OIMHCAHHHA
U BBITCKAIOIIUX H3 HUX KOIWYECTBCHHBIX METOAOB PACUYCTOB
COXpPaHHUIUCh Obl HEU3MEHHBIMH, HO B HEKOTOPBIX CIy4asx OHHU
MpeTepHeay Obl CYIIECTBCHHBIC YTOUHEHHS. A 3TO MO3BOIHIO OBI
CO3JaTh HE TOJIBKO HOBBIC METOJBI PACUECTOB, OOJIEE TOUHBIC, HO AAXKE
HOBBIC HATIPABJICHUS.

Tak wnu wWHaYe, HO, IIUPOKO HCHONB3YS MATEMATHUCCKHE
3aBHCUMOCTU TCOPHH 3JCKTPOMATHETH3Ma M JeNas W3 HUX HHOTIA
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Jake obmeduaocockue 3aKIOUCHUS, TCOPETUKU U MPAKTUKU 0 CUX
MOp HE HMCIOT HHM ManeHInero mNpeACTAaBICHUS O CYIIHOCTH
snextpuiectBa. [logasisromee OOIBITMHCTBO K STOMY MPHUTEPIETIOCH
U HE CYMTACT HY>KHBIM 3TOT BOmpoc moanmMath. Ho He cienyer
3a0BIBATH, YTO paHO WM TO3AHO HECOBEPUICHCTBO TEOPHUU
HEH30€)KHO MPHUBEIECT K CTOJIKHOBCHHIO C MHTEPECAMH HPAKTHKOB,
KOTAa OKKETCS, YTO CO3AaHHOTO TEOPETHYECKOro  3ajena
HEJOCTATOYHO [T PCLICHMS MPUKIAAHBIX 3aJa4. JTO MOoTpedyeT
JABHEHIIEr0 pa3BUTUS TCOPHUU, HO Pa3BUTHE TCOPHH, HE HMMCIOIICH
MPCACTABICHUI O CYIIHOCTH pPAacCMaTpUBACMBIX CIO SIBJICHHUH,
HEBO3MOYKHO.

Ha HeoOXomuMOCTh CYIIHOCTHOTO MOAXOAa K H3YYCHHIO
3JICKTPOMATHUTHBIX SIBICHUH 0oOpamaii BHUMAHUE MHOTHC YYCHBIC.
Eue @.9urense B 1882roay mucan [1]:

«CKIIOYUTENbHAS SMITUPHS, TO3BOILIOMAsT ceOe MBIIIJICHUE B
JAy4LIEM CIy4Yae pa3Be TUIIb B (POPME MATEMATHYCCKUX BBIUMCICHHH,
BOOOpazkaer, OyATO OHA OMEPUPYET TOJIBKO OCCCIIOPHBIMU (haKTaAMH.
B neiicTBUTENBPHOCTH JKE€ OHA ONEPUPYET  MPEHMYLICCTBEHHO
TPAAWLIIOHHBIMH  TPEACTABICHUSIMH, mo OompIied  YacTH
YCTapeBUIMMH MPOAYKTAMH MBILLJICHHS CBOUX IPEALICCTBEHHUKOB.
IMocneanue ciayxaT e OCHOBOM it OCCKOHCUHBIX MATCMATUYCCKUX
BBIKNIAJOK, B KOTOPBIX H3-32 CTPOTOCTH MAaTEMATHYECKHX (PopMyn
JErKo 3a0BIBacTCs THIIOTETHYCCKAs MPUPOJA MPEANMOCHIIOK. JTa
SMIHPHS y’KE HE B COCTOSIHUU MPAaBHIBHO H300pakaTh (akTsl, HOO B
N300paKCHUE UX Y HEE MPOKIAABIBACTCS TPAIULHOHHOEC TOTKOBAHHC
3TuX (HaKToOB».

B 1906 r. B wu3BectHoit pabore «Teopust 3aekTpoHOB» [17]
I'.Jlopenr ormewaer:

«XoTst ypaBHEHHs (3IIEKTPOMArHUTHOTO MOMSI — B.A.) SBISIFOTCSE
MOJIC3HBIMH TPU PACCMOTPEHHM MHOTHX 3aJa4, OHH HE MOTYT OBITh
MPUMCHEHBI BO BceX 0e3 mckmroueHus caydasx. Ecmu Obl maxe 3to u
HMMENO0 MECTO, Halla TeOpHs mepectana Obl HAC YAOBJICTBOPSTH NpPU
MOMBITKE 3arjsIHYTh T[IYyO)XKE B MPUPONY SBICHUN: NCHCTBUTEIBHO,
BEJb B OTOH OOLICH TCOPUM MBI BBIPAKAEM OCOOCHHBIC CBOWCTBA
Pa3MHYHBIX BECOMBIX TEN, MPOCTO MPHUIMCHIBAS KKIOMY U3 HHUX
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CIICLIMATIbHBIC 3HAYCHHUS TV ICKTPHYCCKOM MOCTOSIHHOH,
MPOBOAMMOCTH W MArHUTHOM NpOHHMIAEMOCTH. Ecam MBI XOTHM
MOHSTh, KAKUM o0pazom (KypcuB Mot — B.A.) SICKTpUYECKUEC U
MarHUTHBIC CBOWCTBA 3aBHCAT OT TEMIICPATYPbI, IUIOTHOCTH,
XMUMHYCCKOTO CTPOCHUSI ~ WIM  KPUCTANIMYECKOTO COCTOSHHS
BCLICCTBA, TO MBI HE MOXXEM YJOBJICTBOPUTHCS MPOCTHIM BBECACHHUEM
JUTSL KQXKIOTO BEIIECTBA 3THX KO3(QQUIMEHTOB, 3HAYCHHUS KOTOPBIX
JOIDKHBI OMPEACTATHCS W3 OMBITA.  Mbl OyJEM MPHUHYKACHBI
o0patuThesi K Kakoil-HHOYAb THUIOTE3¢ OTHOCHTEIBHO MEXaHH3MAa,
JISKAIIETrO B OCHOBE BCEX ITHX SIBJICHHIA.

Cnemyer ¢ mOpucKOpOMEM KOHCTaTHPOBATH, YTO  YCHEXU
OPUKIAAHBIX ~ HAYK CO3AadM HBIHC CYLICCTBYIOIICH  TEOpUHU
SJIEKTPOMATHUTHBIX SIBICHHA U B OCOOCHHOCTH, TeOpUU Makcsemnna
opeon abCOMIOTHOW WCTUHHOCTH, a COBPEMEHHAs TCOPETHYCCKAs
¢bu3NKa HCKIIOYMIA MPEACTABICHUS O CYLICCTBOBaHHs d(upa B
OpUpoAe, BHUXPEBBIC  JBIDKCHHS  KOTOPOTO — PacCMATPUBAIIICH
MakcBemoM Kak OCHOBA JJICKTPOMATHUTHBIX SIBICHMI. Tem caMbiM
Obl1a UCKIIIOYEHA Kakas Obl TO HU OBLIO BO3MOXKHOCTD JAJIbHEHIIErO
yryOleHusT B MOHMMAHUE CYLIHOCTH 3JCKTPOMATHUTHBIX SIBICHUH.
[pssMbIM  CIEACTBHEM STOr0 SBHIOCH TO, YTO MATEMATHYCCKHC
3aBHCHUMOCTH IICKTPOJVMHAMUKH, CO3JaHHON Makcsemnom Goree cra
JIeT Ha3aJ, MPAKTHYCCKU HUKAK HE Pa3BUBAJIUCH.

[TonbITKM HEKOTOPBIX HMCCICIOBATENACH YTO-TMOO H3MCHHUTH B
STHX YpPaBHCHUSX BCErJa OKAaHYMBAINCH Heymadeil. JTo gamo
ocHoBanue JI.boipumany B cBOMX HMpUMEUAHHSIX K MEPEBOAY PabOTHI
Makcsemna «Q ¢usnueckux cunoBbix TuHMUAX» B 1898r. Hanmcats [
9,c.194]:

«f mor OBl ckazaTh, 4YTO ToOcneAoBaTead MakcBemia B STHX
VpaBHEHHSX, MOXKAIyd, HHAYEro KpomMe OYKB HE ICPCMCHHIIH.
Onmnako 3t0 OBUTO OBI crnumkom. KonewHo, He TOMy crmeayeT
VAUBIIATHCS, YTO K 3TUM YPABHCHHUSIM BOOOIINE YTO-TO MOTJIO ObI OBITH
mobaBiacHO, a ropasgo Oonee TOMy, Kak Majio K HUM OBLIO
J00aBIICHO».

Ceroanst, Oojee cra J€T CHyCTs, 3TO YyAWBICHUEC bosbiMaHa
COXpaHsCT CBOKO CHITY. K YpaBHCHHSAM MakCBelIa MPaKTUYECKA HE
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J00aBJICHO HUYEr0, XOTS 33 3TO BPEMs HAINMCAHBI COTHH YICOHHKOB
0 TCOPCTUUYCCKUM OCHOBAM JJICKTPOTCXHUKHU, SJICKTPOAUHAMHUKU U
panUOTEXHUKE, PEUICHBI TBHICAYM MPUKIALHBIX 3a4ad, CO3JAHBI
pasHooOpasHeiitiue ycrporictBa. Kazaaoce Obl, 4TO HET HHKAKUX
OCHOBaHHMI BO3BpAIIAThCS K 3TOMY Borpocy. OIHaKo 3TO HE Tak.

BO-HepBbIX, UACATU3UPOBAHHBIC TIPCACTABJICHUA O ABUXKCHUAX
S5(puUpHOW SKHOKOCTH TPUBEIM K MapajokcaM B MOZAETIX
SJICKTpOMAarHeTuima, HOL[O6HI:IM TCM, KOTOPBIC HMCHOT MCCTO B
TUAPOANHAMUKE I/II[GaJ'II:HOI‘/'I KUAKOCTU, HATPUMCP OSHCPrud CAMHULIBL
JUIMHBL ~ BUXPS paBHa OCCKOHCYHOCTH HE3aBUCHMO OT  €ro
HNHTCHCHUBHOCTH. B SJICKTPOANHAMMHKC BO3HUK napanokc,
aHAJIOTUIHBIN paCCMOTpeHHOMy: OHCpTrUsia CANHUILIbI JJIMHBI
MPOBOAHMKA C TOKOM paBHa OCCKOHEYHOCTH HE3ABHUCHMO OT
BeauuuHEl TOKa. [lpaBma, mMOCKOABKY OAMHOYHOT'O ITPOBOJHHKA B
MIPUPOJE HE CYIIECTBYET, TMOSBIAETCS BO3MOXKHOCTH pPa3peIIeHUs
3TOrO MapagoKca 3a CUET PACCMOTPEHHS BCEil KOHCTPYKIIUU B IIEIIOM,
BKITIO4As OOpaTHBIH MPOBOAHUK, TOr4a 3TOT MapagoKC Pa3peruacTcs.
Tem He MeHee, IIApPaJOKCAIBHOIO TOJIOXKEHHSI HE JODKHO
CymcCTBOBATh HU AJIA Kakou CHUCTCMBI, B TOM YHCJIC U AJIA YCJIOBHOI'O
OANHOYHOI'O0 MPOBOAHUKA.

Nwmerorca n HCKOTOPBIC APYIruc HCAOCTATKU CYIICCTBYIOLIUX
MoJerel: OOMPIIMHCTBO M3 HUX HE PaccMaTpUBACT B3aUMOICHCTBUS
BCHICCTBA U 3JICKTPOMArHUTHBIX HOJ'IGI‘/'I, OTpBIBas UX TCM CaMbIM IApPYyT
OT Japyra, B HCKOTOPBIX BBIPAXKCHUAX HUKAK HC OTPAXKCHO
BSaHMOI[GfICTBHG HCTOYHHKOB TIONICH U TCJI, HAa KOTOPbIC OHU
BO3JCUCTBYIOT, U T.IL.

BO-BTOpLIX, BbBISICHUJIOCH, YTO MHOIUC PAaCUCThl, IIOCTPOCHHBIC
Ha OCHOBE ypaBHEHHII Makceenna, JaroT BecbMa MPHUONIDKCHHBIC
PE3yabpTaThl, OTINMYAIOMIUCCI OT HaﬁﬂCHHBIX OMIIMPUYCCKUM ITIYyTCM,
Ha JECATKU MPOLICHTOB, WHOTAA W B HECKONBKO pa3. DTO Kacaercs,
HampuMep,  B3aUMOHMHAYKIMH  OoipliuX KOHTypoB.  llpaBaa,
OPUKIAAHUKNA K 3TOMY IMPUBBIKIIN, OTHOCAT HCYBA3KU K HCYUCTY
COMYTCTBYIOMIMX (JAKTOPOB U B MPOLIECCE OTIAAKH YCTPOHCTB BHOCAT
H€O6XOI[I/IMI>IC KOPPCKTUBBHI. Ho anamms IIOKa3bIBACT, YTO OJHUMHU
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HEYYTCHHBIMH (DAKTOpaMU OTKJIOHEHHS B pacueTax OOBSCHHUTH
HEJb3S.

B-Tpetbux, OOHapyXWiaOCh, YTO CYIIECTBYET CEpus 3a4ad
3JICKTPOANHAMUKH, KOTOPBIC HE MOrYT OBITh PEIICHBI HA OCHOBE
CYIIECTBYIOMNX MPEACTABICHUN. JTO CBA3aHO, B MEPBYIO OYEPEb, C
TE€M, YTO aBTOPAMH MOJACIEH pacCMaTpUBAIUCh JIUIIb IIEPBBIC
MpUONKEHUSI K OJCKTPOMATHUTHBIM  SIBICHISIM, 4a  TakKUX
MPUONDKEHUA 1O MEpPE HAKOIUICHHSI HOBBIX JAHHBIX MOXKET OBITH
CKOJIBKO YTOJHO, IPHUBEIU K TOMY, YTO HEKOTOPBIC IPUKIIATHBIC
3a4a4d  3JICKTPOJUHAMUKU OKA3BIBAIOTCS HEPELICHHBIMH, IPUYEM
HMCIOTCS 337a4H, KOTOPhIC MPHUHLUUINAIBHO HENb3sl PEIINTh Ha Oase
ypaBHeHuit Maxkcsernia.

K Takmm 3amagam, HampuMep, OTHOCHTCS COBMECTHOE JBMKCHHE
JBYX OJUHAKOBBIX 3apsJ0B, HEMOABIDKHBIX OTHOCUTEIBHO JAPYT
Jpyra. TOKa OHHM 00a HEMOABIIKHBI, OHH OTTAIKUBAIOTCS APYr OT
apyra mo 3akoHy Kynona, HO ecim oHM BMECTE, HE CMELIAsICh OAUH
OTHOCUTEIBHO JPYroro, MEPEMEHIAIOTCS B TMPOCTPAHCTBE, TO OHHU
TEHNEPb CTAHOBSITCS TOKAMH, HPUTATUBANOIIUMUCS APYr K JpYTY.
[Touemy?

Taxoit  3amauedi, Hampumep, SABIIETCI W 337ada O
pacnpoCTpaHEHHH 3JIEKTPOMArHMTHBIX BOJIH jumnoieM Iepma,
IIOMEIICHHBIM B TOIympoBoaamyo cpexy. Humoms I'epma, T. e.
JUMONb C COCPEAOTOUYCH-HBIMU MapaMeTpaMH, KOTOPBIE H3BECTHHI,
MOMEINECHHBIN B MOMYNPOBOASILYIO CPEAY, NapaMeTpbl KOTOPOU TOXKE
U3BECTHBI, M3Ty4acT TOK M3BECTHOM BEIMYMHBI, YAaCTOTa KOTOPOIO
Toke m3BecTHA. Hy)kHO ompenenuTh IUIOTHOCTh TOKA B CPEAe B
3aJaHHOM TOYKE NPOCTPAHCTBA. JTa 33aJada MOTHOCTBIO (DU3HMUECKU
ompenenena. Hecmorps Ha  TpPUBHANIBHOCTH  ITOCTAHOBKH U
3aMaHYMBYI0O BO3MOXHOCTh U3 OOIIETO peIeHus OJTOH 3a7atdd
MNOJIYYUTh KaK MPEACIbHBIN CIydail MHOTHE YAaCTHBIE PE3YJIbTAThl —
U3Iy4EHHE B UACAIBHON Cpeae MpU  OTCYTCTBUHU  AKTUBHOU
HNPOBOAUMOCTH, 3aTyXaHUE INIOCKOM BOJHBI B MOTYIPOBOAHHUKE MHPU
OCCKOHEYHBIX PACCTOSHUSIX OT JUMONS U HEKOTOPBIC IPYrUe, —3aJa4ua
00 m3nydyeHun aunons lepma B mMOmympoBOISINECH Cpeae HUKOrAa U
HUKEM HE Oblla peIicHa, W MOMNBITKH €€ PEIINTh HEU3MEHHO
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KOH4Yauch Heygaueil. Mmerorces, mpaBaa, HOObITKH c(OPMHPOBATH
FOTOBOE PELICHHE ITyTEM MEPEMHOKEHUS JABYX YACTHBIX PEIICHUN —
pelmeHus 3aJavM O PACIPOCTPAHEHUHM IO jumoiaeM lepma B
HUJCATbHON Cpele M PEIICHUs 3aJa4d IUIOCKOM BOJHBI, HO TaKou
ITOXOJ COBEPIIEHHO HekoppekreH. Ha camom nmene sta 3amava He
MOXET OBITh PELICHA HA OCHOBE YpaBHCHHMH Makcpenna, Tak Kak
MPHUBOIUT K CUCTEME YPABHEHUH, HE IMCIOIIUX OOILIETO PELICHUS.

He pemensl mpemenpHbic 3amadnd 00 3ICKTPUYECKOM IIONE B
MYJIbCUPYIOIIEM OJHOPOAHOM 3JIEKTPUUECKOM IOJIE U MHOTUE APYTHE.
CyLIecTBYIOT JaKe LETbIC KJIACCH  JICKTPOJHHAMUYCCKUX 3a1ad,
(PM3HHYECKH TONHOCTBIO ONPCICICHHBIX, KOTOpPBHIE, TEM HE MEHeEE,
HENb3s1 PEIINTh C TIOMOIIBI0 YpaBHeHNH MakcBema.

B-uerBepTHIX, cCrIeAyeT OTMETHTb, 4YTO HE BCE IOHATHA,
HUCTOJIb3YEMBIE B TEOPETUYECKOM DJIEKTPOTEXHUKE, UMEIOT YETKUM
¢usnueckuii cMmbicn. YTo Takoe «BEKTOPHBIA moTeHUHMan A»? Ito
Takas BENMYHUHA, BUXPb KOTOPOH €CTh BEKTOP MAarHUTHON MHAYKLIMH

B:
B =rotA.

DuzndecKnii ke CMBICT 3TOW BETMYNHBI OTCYTCTBYET.
B-miATHIX, B JIOTMIKE 3JIEKTPOMAarHeTHM3Ma HMEIOTCS HEKOTOPHIE
HeyBs3ku. Hanpumep, cratndecknii moctynat Makcsenia

[Dds=q,
S

HOMCH.[aeMI:Iﬁ B y‘l€6HI/IKaX TCOPCTUUCCKUX OCHOB JJICKTPOANMHAMUKU
B paszzenax CTaTHUKH, ITOCJe MPEACTABICHHS ero B JuddepeHInatbHoi

dhopme
divD =p

MOMEIIACTCS YK€ B pa3gei] AWHAMUKH, XOTS MOCIACHHsss (dopma
MPEACTABJICHUS MO0 (PU3NICCKON CYIIHOCTH HHUYEM HE OTIHYACTCS OT
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npeasiaymieii. B pesympTaTe urHOpPUpYETCS  3ama3ibiBaHUC B
3HAUYCHUSX JJICKTPUYCCKON MHAYKIMU D mpu mepemMerneHnn 3apsiaoB
( BHYTpU OXBAYCHHOTO MTOBEPXHOCTHIO S MPOCTPAHCTBA.

A, B-ImeCTHIX, HEOOXOAMMO HAIIOMHHTBH, YTO HH OJHO SIBJICHME
HC MOXET OBITh OIIMCAHO IIOJAHOCTBIO, HYTO BCSIKOC OIMCAHUC
MPUOIIDKEHHO, W CCJIM HANHCAHO YPABHCHHUE, OTPAKAIOIICE HEKUI
MPOLIECC, TO caM (DakT HAMUCAHHUS 3TOTO YPABHCHUS C KOHCYHBIM
YUCJIOM Y/ICHOB O3HAYACT, YTO 3TO YPABHCHHUE OIMMCHIBACT IPOILIECC
YACTUYHO, MPUOIMKCHHO. A 3HAYUT, PAHO WM MO3AHO BO3HUKHET
HCOOXOAMMOCTh €r0  YTOYHCHHUSI. OTO OTHOCUTCS KO BCEM
KOHKPETHBIM  mpoueccaM H  (U3HYCCKUM  SIBJICHHSIM, u
3JCKTPOMATHUTHBIC SIBJICHUS HE SIBIITFOTCS. HCKITFOUCHUCM.

W3nokeHHBIE  MOMEHTBI, a TaKKE HEKOTOPBIC  JPYrue
CoOOpa’kCHHMST ~HE  MO3BO/IIOT  CYMTATh  PA3BUTHEC  TCOPUU
3JCKTPOMATHETH3MA TOTHOCTHIO 3aBepiueHHbIM. OIHAKO AambHEHIIAS
SBOIIIOIUS €€ BO3MOYKHA JIMIIb HA OCHOBE JCTAIHOIO KaueCTBCHHOTO
PACCMOTPEHUSI TMPOLICCCOB, IMPOUCXOMIIINX B 3JICKTPOMATHUTHBIX
SIBJICHUSIX, YTO U 3aCTaBIISICT BHOBb BEPHYTHCS K pa3pabOTKe Moaenei
JTUX SIBJICHUH C YYETOM TEX HEIOCTATKOB, KOTOPBIC OBLIH MPUCYINU
PaAHHUM THAPOMEXAHUYCCKUM MOACTISIM.

IMoaToMy HOMBITKA YTOYHCHUS YPABHCHHUH 3ICKTPOAMHAMUKH HE
JMO/DKHBI BBI3BIBATh mporecta. Heobxoaumo nuinb yOeAWTHCS B
KOPPEKTHOCTH MOCTAHOBKHY 33Ja4H.

OxHaKo BCSKOE YTOYHCHHE YPABHECHUI MOKHO 0a3MpOBaThCS Ha
MPEACTABJICHUKA O CYI[HOCTH SBJICHHUS, HA €ro Ka4yeCTBCHHOM
mozenu. JDx.K.Makceemn crnemoBaa AMHAMUYCCKOMY — MCTOXRY
MCCeA0BaHM 3ekTpoMarueTrama. OH NPEACTABIISLT DICKTPUYCCKUC
¥ MArHATHBIC SIBJICHUS KAaK HCKUE BHUXPCBBIC  IPOLECCHI,
mpoTekaromue B 3GuUpe — CPeAc,  3amOIHSIOMICH BCE MHPOBOC
MPOCTPaHCTBO. M mMOCKOMBKY OH momaraj, d9tro 3dup — 310 HEYTO
BPOJAC MACATBHON JKMIKOCTA, TO OH IOHPOKO HCIOJIb30BAI
MPEACTABJICHUSI THAPOMCXAHUKOB CBOCIO BPEMCHH O CBOWCTBAX M
(dopmMax IBMKCHUS TAKOW >KUAKOCTH, B YACTHOCTH MPCACTABICHUS
I'T'enemronpoa, YV.PaHkuHA U APYTUX HMCCICIOBATCICH. Y UNTHIBAS,
YTO mpeacTaBicHus MakcBemia 00 3ICKTPOMATHUTHBIX SIBJICHUSX,
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BHIPAKCHHBIC €ro YpaBHCHUAMH, MOy YUHTH XOpoImee
MOATBEPKJACHHUE, XOTSA HM HE aOCOMIOTHOE, ObIIO OBl  JIOTUYHO
BEPHYTBCA K €r0 MOJCIH C TIONPaBKOH Ha COBPCMCHHBIC

npeacrasicHus 00 3dupe.

B HacTosmmee Bpems €CTh BCE OCHOBAHHS BEPHYTBCS K MOJACITSAM
3JIEKTPUYCCTBA U MarHetusMma, paspaboranusm [[x. K.Makcsemnom u
€ro MPEOIICCTBCHHUKAMH, TMOMBITATHCS MHOHATh HX HEXOCTATKH C
MO3UIUI CCTOMHANIHUX MPEACTaBiIcHU 00 3dupe u Pusuueckyro
CYLIHOCTh  BNEKTPUYCCTBA, MArHETU3Ma U SJICKTPOMATHUTHBIX
SIBIICHUH, AT 4Yero HEOOXOAWMO YTOYHUTH (U3UUECKYIO MOJIEIb
SJEKTPOMArHeTU3Ma W HAa  3TOH  OCHOBE MPON3BECTH
COOTBETCTBYIOIIME YTOYHCHUS VPABHCHHU  3ICKTPOMATHUTHBIX
sereHni. [Ipu 3ToM cTouT He 3a0bIBaTh, YTO M YTOUHEHHASI MOJCTb, U
VPaBHEHHUSI, BBITCKAIOLINEC W3 HEE, HE MOTYT OBITh MONHBIMU H
JANbHEHIINE YTOYHCHUS! MOJCIU M YPAaBHEHUU SJCKTPOAWHAMHKH B
OyayuieM HEH30CKHBI.

WznoxxeHHOE JaeT OCHOBAHWE Ui TMOMBITKA — HCIHONHUTb
HacrasjicHue @.Jurensca, BoickazanHoe uMm B 1882r. B «/luanekTike
mpupoasr» [1, c. 452]: OnekTpuuecTBO - 3TO IBMIKCHHE YACTHIL
3(pupa U MOJEKYIBl TEJN MPUHAMAIOT yYaCTHE B ITOM JBHKCHHH.
...PaznmuuHEIe TeOopHHM MO-pazHOMY H300paXKAIOT XapakTep STOro
JBWDKCHHS, ..ONMUPAsCh HAa HOBEUINME HCCICAOBAHUS O BUXPEBBIX
JBWDKCHISIX, BHIST B HEM — KaKJas MO-CBOEMY — TOXKE BHXPEBOC
JOBWOKCHHE. ..J(uUpHas Teopus... AacT HAACKIY BBIACHUTH, UYMO
SIBISIETCS. COOCTBEHHO BEIIECTBCHHBIM CYOCTPATOM 3IEKTPHYECKOTO
JBYDKCHHS, Ymoe cOOCTBEHHO 3a BELIb BBI3BIBACT CBOMM JBHIKCHUECM
SJICKTPUICCKUC SIBICHUS.

He momxHO ObITP COMHEHHS B TOM, YTO NPEIANPHUHSITAS HIDKE
TMOMBITKA MPEACTABUTh CYIIHOCTh 3JICKTPOMATHUTHBIX SIBICHUN, Kak
U BCsKas MOJOOHAs MOIMBITKA, HOCUT YACTHYHBIA XapakTep. JTO
Ooyee MOCTaHOBKA MPOOJEMBI, HEXXETH €€ pellcHHue. 1eM He MeHee
aBTOP YBEPEH, 4YTO MOJOOHBIC TIOMBITKUA IIOJE3HBI, IOCKOIBKY
MOMOTAIOT JY4LIEC IMOHATh CYIIHOCTh 3JCKTPOMATHUTHBIX SIBJICHHH,
OTNPEICTUTh HOBBIC HAIMPABICHUS HCCICAOBAHUI, a B HEKOTOPBIX
CIIy4asX YTOYHHUTH YK€ H3BECTHBIC MATCMATUYCCKUE 3aBHCUMOCTH.



Yr0 TaKoe 3JIEKTPHIECTBO? 21

[IpencraBieHHBIC HIDKE MOJACTH  BNEKTPOMATHETH3MA, IO-
BHIVIMOMY, UMCIOT CBOU HEIOCTATKH, NO3TOMY B JANBHCHIIEM H HX
TAKXKE CICAYET YTOYHSITh U AOTIOTHATD, KAK M BCIKUE JPYTUC MOJCITH.

CeromHst  cTpeMmicHHE  TOHATH  (DUBHYCCKYIO  CYIIHOCTb
SJICKTPOMATHUTHBIX SIBICHHNA Oollee YeM CBOEBPEMEHHO. MOXKHO
CUMTATh, YTO HA 3Ty OPOOIEMY CICAOBAIO ObI OOpATUTh BHUMAHKC
3HAYUTEIIFHO PaHbIle, UOO BCE MaTepHasbl I 3TOro Obiiu. Psgom
aBTOPOB MOJOOHBIC MOMBITKH OblTH mpeanpussaTel. Cpeanm HHUX
crenyer ormetuts Tpyabsl B.d.MutkeBuua (Jlenunrpaz, 20-30e
roxgsl) [20], coBpemennas pabora I'.H.Hukomaesa (Tomck) [24], B
KOTOpOH TMpPHBEACH OOLIMPHBIN MEPEUCHb MApagOKCATBHBIX C TOYKH
3pEHUS] COBPEMEHHOM JIIEKTPOAWHAMHUKH SIBICHHUM, a TaKkKe H
HEKOTOPBIX Apyrux. MX HEJoCcTaTkoM BCE JKE€ CIEAYET CYHUTAThH
HETIOITHOTY ¢buznueckux MpeCTaBICHUI 0 CYIIHOCTH
3JEKTPOMArHETU3MA, YTO HE MO3BOJUIIO aBTOPaM CO3JaTh CIUHYIO U
HEMPOTHBOPCYUBYIO  (U3UUCCKYIO KAPTUHY  SJICKTPOMATHUTHBIX
sBreHnd. Hioke crenaHa MmomeiTKa B KAKOW-TO CTCIICHU BOCIOIHHTH
3TOT IPodeT.

Caeayer OTMETUTb, YTO NPU pPEATH3ALUH STOH MOIMBITKU
BO3HHKIIN OTIPECTICHHBIC TPYAHOCTH, CBSI3aHHBIC c
HEMPOPAOOTAHHOCTHIO OTACIBHBIX TMOMOKCHUN Tra30BOM MEXaHUKH U
OTACTBHBIX TMOJIOKCHUHA JaKCe TAaKOro pasicia MaTreMaThK{, Kak
BEKTOpHBIN aHanmu3. K MepBBIM OTHOCATCS SIBHO HEOOCTATOYHBIN
VPOBCHb TCOPHU MOTPAHUYHOIO CIIOS B CKUMAEMBIX CpPEAax, TCOPHUU
B3aUMOJACUCTBHUSI BUHTOBBIX CTPYH, TCOPHUU  B3aUMOACUCTBHS
BHHTOBBIX BHXPEBBIX TOPOHIOB M HEKoTopbie Apyrue. Ko BTOphIM
OTHOCSITCS HEKOTOPBIC MPEACTABICHIUS, YKOPCHUBIINECS B BEKTOPHOM
aHamm3e, HO HEAOCTATOYHO OOOCHOBaHHBIC (DM3MYCCKH, HAIPUMED
3amper JACNCHHs KOJUTMHEAPHBIX (COBMAJAOIIMX II0 HAMPABICHHUIO)
BEKTOPOB JPYr Ha Apyra. Xots (U3MIecKuil CMBICT TAaKOH OMepariiu
OYEBHJICH, 3aIPET HA MPCIACTABICHUE TAKOH BEIUYHHBI, KAK TPAIUCHT
BCKTOpA, XOTS M 34eCh (U3MYCCKUII CMBICT sceH (Hampumep,
rPaguCHT CKOPOCTH TMOTOKa BOABI B peke). Hekoropeie u3 stux
TPYAHOCTCH yJamoch OOOWTH, HO JACTalbHas MpopadoTKa BCEX
MOJOOHBIX BOIIPOCOB BIICPEIH.
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Oco00 caeayeT OCTaHOBUTHCS HAa AHAJIOTHU SJICKTPOMArHeTH3Ma
Y THIPOMCXAHUKH

B nuteparype MHOrHE aBTOpPHI OOpalaiv BHUMAHUC HA aHATOTHIO
MEKIY TMOBCACHUEM >KHUAKOCTH U JJICKTPUYCSCTBA, YTO JAKEC B CBOC
BpEMsI NMPHUBEIO K MPEACTABICHISIM 00 <GIEKTPHYCCKOM (IrOHIe»,
HCKOTOPOH  3JICKTPUYCCKON KUIKOCTH, OOJNATArOIICHH CBOWCTBAMU
HICATbHOM, T.C. HECKMMACMOM M HEBSI3KOM >KHIKOCTU, JIBYDKCHUS
KOTOPOI OOYC/IOBIMBAIOT 3CKTpuieckue siBjacHus. Haunbosee uetko
sto Bbipazua Jhx.K.Makceenn B cBomx padorax «O ¢apaneeBbix
cunoBblX JuHUAX» (1855-1856), @ Gu3nyueckux CHUITOBBIX JTHHHUSIX»
(1861-1862), Hunammueckass TEOpUs SICKTPOMATHHTHOLO OIS
(1864) [9]u «Tpaktat 00 31ekTpHuccTBe 1 MaraeTn3me» (1873) [21].

MakcBean ykaspiBaja, 4ro «Mbl JOMKHBI HANTA TAKOH METOJ
KCCIICOBAHMSI, KOTOPBIA HA Ka)KJIOM IAary OCHOBBIBAJICS HA SICHBIX
(pU3MUCCKUX TPEACTABICHUSX .. . ...MATEMaTUYICCKOE CXOJCTBO
HEKOTOPBIX 3aKOHOB OCTAHETCS B CHJIC M C YCIIEXOM MOXKET OBITh
KCIIOJIB30BAHO B TOJIC3HBIX MATEMATHUCCKUX MMPUEMAX.

IIpu nomotnu aHanoruii TAKOro PojJa S MOMBITAICS IPSACTABUTD B
yroOHoU (opMe Te MaTeMaTHYCCKUE MPUEMBI U (OPMYJIbI, KOTOPHIC
HCOOXOAUMBI ISl U3YUICHHUSI SJICKTPUUCCKUX SIBICHUH.

...JTUM TyTEM MBI TMOIYY4aeM T'COMETPUYCCKYIO MOJC/b
(u3MUeCKUX CHJI, JArOIMyH TMOBCIOAY HAINpPABICHUE CHIIBI, HO
HEOOXOAMMO CINE HAWTU METO/ AJISI BRIPAXKCHHSI HHTCHCHBHOCTH 3THX
CHJI B KaXAOM TOYKE. ITO OyAET AOCTUTHYTO, CCIAM MPEIACTABIIATH
paccMaTpUBacMbIC KPUBBIC HE MPOCTO JIMHHUSIMH, HO TpPyOKamu ¢
MEPEMEHHBIM ~ TCUCHHEM, [0 KOTOPBIM TEUET HECKHMacMast
SKUKOCTH Y.

N nmance:

«CyOctaHumum, O KOTOPOHM 3A€Ch HIOET pPeYb, HE JOLKHO
MPUIHUCHIBATECA HU OJHOTO CBOMCTBA JEHCTBUTEIBHBIX >KHUIAKOCTEM,
KpOME CHOCOOHOCTH K JBIDKCHUIO M COIMPOTHBJICHUIO CIXKATHIO.
...YmorpebieHue  TEPMUHA  ©OKHUAKOCTH»... O03HAYACT  TOJBKO
BOOOpaKaeMyt0 CyOCTaHITHIO CO CIICAYIOIIMM CBOHCTBOM:

JIrobast 4acTh KUAKOCTH, 3aHUMAION@A] B KAKOW-IMOO MOMEHT
BPEMCHHU JAHHBIA 00bEM, B KAXKABIH MMOCACIYIOIIUI MOMCHT BPEMCHU
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Oyaer 3aHUMaTh TakoW k€ O0O0BeM. OTOT 3aKOH BBIPAXKACT
HCCKUMAEMOCTh JKMIKOCTM U JaeT HaMm yAOOHYIO MeEpy ec
KOITMYECTBA, & IMCHHO €€ OOBEM.».

W nanee, OCHOBBIBAsICh HA CBOWMCTBAX OTOH TI'HIIOTETHYECKON
JKUAKOCTH, MakKCBET HCHONb3yeT HapaOOTKX MHOTHX aBTOPOB,
CO3JaBINUX B TO BPEMs HCKOTOPHIC OCHOBBI JIBMKCHHS HACATbHON
JKUAKOCTH, Cpeau KOTOpeIX (Bcero wx 24) HYXHO YIIOMSAHYThH
I'T'enpmromeiia  [6], paspaboraBumieii OCHOBBI TECOPHH BHXPEBOI
KHIKOCTH, a Takke BA. Tomcona [7]. DTu npeacraBieHust MO3BOIHIH
MakcBeany — paspaboraTs CBOM  3HAMCHHUTBHIC  YPaBHCHHS
3JCKTPOIUHAMUKY, KOTOPBIC SIBUJIUCH TCOPETUYCCKON Oas3oi A
CO3JaHMs  PACYCTHBIX  METOJOB  BCEX  WM3BECTHBIX  CCTOIHS
3JCKTPUUCCKUX U MATHUTHBIX SIBIICHH.

OaHaKO HEKOTOPBIC ABTOPBI, CIYCTS HECKOJIBKO ACCATKOB JICT,
oOpaTuiu BHHMAHHE HA HCEMOMHOTY ypaBHeHmit Makceemna. Tak
H.IT.Kactepun B cBocit pabore «OO00IICHIE OCHOBHBIX ypPaBHCHHUI
a’poAMHAMUKH UdIeKTpoaunHamukm» [19] ykassiBaer, urto «Cucrema
OCHOBHBIX YPaBHCHUU JJICKTPOMATHUTHOTO TOAs  Makceemna,
YCTAHOBJICHHAs 75 JeT TOMy Ha3ad, HECOMHCHHO, HC B COCTOSIHHUH
OOHATh BCC SIBIICHUS 3JCKTPOMArHETH3Ma, WU3BECTHBIC B HACTOSINCE
Bpemst. C Haied TOYKM 3pCHUS YPABHEHUS 3JICKTPOMATHUTHOTO OIS
MakcBenia TObKO Hepable NPUOAUNCeHUsl, U UX HEAOCTATOYHOCTh B
HACTOSAIICE BPEMsI MPOUCXOAUT OT TOTO, YTO TOYHOCTh COBPEMEHHBIX
M3MCPCHUN B 3JICKTPOTEXHUKE HEU3MEPUMO BO3POC/A MO CPABHCHUIO
¢ Bpemenammu @apanes, Maxceemna, I'epma co BpemMeHH HX
yCTaHOBNICHUs. 1O KE caMO¢ CHPaBeIIHBO [0 OTHOILICHHUIO K
ypaBHEHusM rugponuHamukd, naHaeiM 180 mer Hazang JitmepoMm u
(dopMabHO PACIPOCTPAHCHHBIM HA ClIydall ABIDKCHHS Ta30B. OHHU
SIBHO HEAOCTATOYHBI JJIS MPCIACTABICHHUS TEX OBICTPHIX IBUKCHHIMA
BO31yXa, C KOTOPBIMHU MMPUXOIUTCS UMETh JCI0 B aBUALIMH, OCOOCHHO
JUTS BUXPEBBIX ABIDKCHUN. Y PaBHECHHS JWUIEpa TAKKe MPEACTABIISIOT
CO0O0Ii TOJIBKO NepBble NPUOTUIHCEHUSLY .

C >TuM yTBEPKICHUEM HYXKHO COTJIACHUTBCS, MMOCKOJIBKY JIFOOBIC
VPaBHCHUS OTPAXKAIOT SBJICHUC BCCrJa NOPUOMMKCHHO U HE
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VUUTBIBAIOT TEX CTOPOH SIBJICHUH, KOTOPhIC HE IMOCTABICHBI UCXOJHOM
LEIbI0 UCCIEIOBAHUM.

Ha Bo3moxHOCTE MoOnemupoBaHus OCCHUPKYISILUOHHBIX U
LUPKY/ISIHOHHBIX [MOTOKOB YKUIKOCTH 00patui BHuManue B 1969r.
mpodeccop Jlenunrpaackoro mHCTUTYTAa BOAHOrO Tpancmoprta [.A.
Ps3anoB B cBoux ¢yHzameHTanpHeIX paborax «OmbIT U
MOJCTHUPOBAHHE NPU  HM3YYCHHH  DJCKTPOMATHHTHOTO  MONS»
(M.Hayxka, 1966)u «9neKkTprueckoe MOACIUPOBAHUE C PUMCHCHHUEM
Buxpeseix moneii» (M.Hayka, 1969). Takum o6pa3som, mpaBomep-
HOCTb HCIONB30BAHH AHAIOTHA MEXKAY SJICKTPOMArHETU3MOM U
TUAPOAUHAMHUKOMN MHUPOKO MOATBEPAKACHA IMPAKTUKOM.

OnHako BCe 3TO Kacaloch MPEACTABICHUH 00 SJCKTPHUUCCKOM U
MArHUTHOM MOJSX Kak 00 WAEaTbHOW JKUAKOCTHU, T.C. KHIKOCTH HE
BA3KOH W HeCKHMacMOW. OPHUPOJMHAMUKOW IIOKA3aHO, YTO
CTPOUTENbHBI MaTepuan 3TUX MOoNeH — 3QUp HAa camoM Jere
SIBJISICTCSI TAa30M0J00HON CPEI0ii, CIIOCOOHOM CIKUMATBCS M M3MCHSTh
CBOIO IUIOTHOCTh B IOUPOYAMINNX Mpeenax, 3TO OOCTOSATEIbCTBO
MPaKTUICCKH HUKOTJA W HHKEM He Obuto yureHo. Ho mMeHHO 31O
MO3BONUIO OOBSICHUTH CYIIHOCTh JICKTPHUCCKOTO 3apsiia, YTOUHHTH
SHEPTEeTHYECKOE COACPIKAHHUE IIECKTPUIECKOr0 U MArHUTHOTO MOJEH U
HAMCTUTh MHYTH ISl TONYYCHHS SHEPTMH M3 OKPYXKAIOIIEro Hac
MPOCTPAHCTBA.

CoBpemMeHHas (pn3MKa HA3bIBACT ra3 «CHKMUMACMOH KHIKOCTHIO»,
YTO NPHHLUUIHATIBHO HEBEPHO, MOTOMY HTO Ta3 o0lamaet psaoM
CBOWCTB, KOTOPBIMH JKHIKOCTH BOBCE HE 00Jazaer, HampuMmep,
HATAYMEM  TOTPAHUYHOTO CJIOS B TPAJUCHTHBIX  TCUCHHIX,
CHOCOOHOCTBIO BUXPEU CAMOMPOU3BOIBHO aKKyMYIUPOBATh SHEPTUIO
13 OKPY’KAIOIIEro BUXPb MPOCTPAHCTBA M HEKOTOPBIMH IPYTUMH. JTO
00CTOSITENBCTBO MO3BOMSET, C OJHOM CTOPOHBI, BBUSICHUTH CTPOCHHE
3JEKTPUICCKOrO ¥ MArHUTHOTO MHoNei 0ojiee MOTHO, YeM 3TO MOMHO
caenate Ha Oa3e aHAIOTHMHA C JKHOKOCTBIO, C JPYrodl CTOPOHEI
MpeAcKa3aTh M MPOBEPUTh PsI SBICHUH, OO HACTOSINETO BPEMCHHU
M3YYCHHBIX HEAOCTATOYHO, @ C TPEThCH — HAWTH HOBBIC HAINPABICHUS
HCCIICIOBAHNUH, HEKOTOPBIE W3 KOTOPBIX, HECOMHEHHO, HMEIOT
MEPCICKTUBY, KaK B HAYYHOM, TaK U B MMPHUKIIAJHOM aCIEKTaXx.
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1.2. dpmpoanHammuyeckas CywHOCTb
3r1eKTPUYECKOro 3apsaaa

Jlo HeoaBHEro BPEMECHH B OICKTPOTEXHUKE HCIIOIb30BAIUCH
abcomrotHas anmektpuyeckas cucrema exuuul, CI'CO, abcomrorHas
anekrpomarautHas cuctema eamanny CI'CM, a taxke abcomrorHas
l'ayccoBa cumcrema eamHMI[, B KOTOPBHIX OCHOBHBIMHU CIWHHIIAMU
SIBJSUTICh CAHTUMETP, rpamm U cekyHaa [25], Ho B cucreme CI'CD
aOCoOMIOTHAsT ~ JOUIJICKTPUYCCKAs  MPOHHLACMOCTh  CUHTACTCS
Oce3pasMepHO U PaBHOU €AWHULIC A BAKyyMa!

& =1;

B cucreme CI'CM aOcomtoTHass MAarHUTHAS TPOHULIAEMOCTh CUUTACTCS
0e3pa3MepHOil 1 PaBHOM CIUHMLIC A/l BAKYyyMa!

Ho=1

a B layccoBoil cucreme eauHMIl aOCOTIOTHAS MUDICKTPUUYCCKAS WU
MarHUTHasT  MPOHHUIIACMOCTH  CUUTAIOTCS  OC3pa3sMEpHBIMH U
MPUHUMAIOTCS OTHOBPCMCHHO PABHBIMH CAVHUIIC IS BAKyyMa!

& = lo = 1;

B pE3yIbTaTC OAHA M Ta KC JJICKTPUUCCKAsA HWIN MarHuTHas
BCITMUMHA OKA3bIBACTCS MMCIOLICH PasHyo pasMepHocTh. Hampumep,
KOITMUCCTBO DJICKTPUUCCTBA (JJCKTPUUCCKHMIA 3apsa) HWMEET pas-

meprocth: B CI'CI u I'ayccoBoii cuctemMax €AMHHAL] — CM $2.p 1/2-0_1; a
B cucteme equany CICM — emY?rY% varauTHbIf MOTOK B cHcTeME
eauann CI'CD umeer pasmepHOCTh — em®rl, B CICM u
layccoBoil cucremMax COIWHHL — CM 32 2.1

Hanmuuame Tpex mNpakTHYCCKH OTHOBPEMCHHO —JCHCTBYOIIUX
CHUCTEM DIIEKTPUYECKUX M MAarHUTHBIX E€IWHUL BCETJa BbBI3BIBAJIO
0oJpLIME TPYAHOCTH B pacueTax, HO IJIABHOH TPYJHOCTBHIO SIBIISIIOCH
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OTCYTCTBHE KaKOro Obl TO HHU OBLIO (DU3MUCCKOTO CMBICIA B ITHX
CAVHMIAX. KAaK T[OHUMAaTh, HAMPUMEP, KOPCHb KBAAPATHBIA U3
rpamMma, T CAHTAMETP, BO3BCACHHBIH B cTeneHb 3/2 ?!

MexayHapoaHas cucTeMa 3JICKTPUYSCKUX U MATHUTHBIX CIUHUIL
MKCA, ocHOBaHHAss Ha TEX K¢ MOPCACTABICHHUSIX, YTO M CHCTEMA
MKC, o eaunuIax Macchl — KUJIOrPaMMe, AJTHHBI — METPE U BPEMCHU
— CEeKyHE, 100aBu/Ia K HUIM HOBYIO OCHOBHYIO eauHuIly — Amrmep. B
cucteme CU npuBeeHHBIC BBILIC BEIUYUHBI UMCIOT LICTOYUCICHHBIC
CTCTICHU: KOJHMYCCTBO JJICKTPUYECCTBA — A°C; MArHUTHBIA MOTOK —
MPkr-AhC Tak ke Kak M BCE OCTaibHBIC 3NEKTPUUECKUE U
MaruutHele BemuuuHbl. OgHako HemoctatkoMm cucteMel MKCA mo-
MPEKHEMY  SIBISICTCSL  OTCYTCTBUE (PU3UYCCKOr0 COACPIKAHHUS B
MOHSITUH «CHJIA TOKA», a, B CBSI3U C 3TUM, U B €€ CAUHUIIC «AMIEp», U
Ja7ee BO BCEX DJICKTPUYCCKUX U MATHHUTHBIX BETMUHUHAX.

Kpome Toro, B cucreme CHU wumeror mecto Oe3pasMepHbIC
BCJIMYMHBI, HATIPUMED, pajviaH (pajx) T IJIOCKOTO yria M CTepaauaH
(cp) mns obvemHOro yrima. OTO OCHOBAHO HAa TOM, YTO pPaauaH
OMPEACACH KaK OTHOIICHUE JJIHHBI IYTH, U3MEPSEMON B METpax, K
JUTHHE paguyca, Takxke u3mepsiemMoii B metpax (puc. 1.1):

L,m

R M
a 0

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

Ho 6e3pasmepHbie BenuuuHbl (PU3MYCCKOrO CMBICTIA HE UMCIOT, U
OTOT HCAOCTATOK MOKHO HUCIIPABUTH, OIMUPAACH Ha HNPCACTABJICHUIL 06
o0umx (GU3NICCKUX WHBAPHAHTAX, a MPOIIE FOBOPS, BCIIOMHUB, YTO
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MPOCTPAHCTBO TPEXMEPHO M COKPAIATh PA3MECPHOCTH (HHUIMICCKUX
BCTUYMH, JCKAIMMUX B MPOCTPAHCTBE MEPICHANKYISIPHO IPYT APYTY,
Henap3a. Ha camom geme B pammane ayra, UCUHCIsIeMas B METPax,
MICPIICHANKY/IPHA PAIUYCy, TAKXKE UCUUCIICMOMY B MCTpax, H, XOTS
00¢ OTH BEIMYUHBI KCUUCISAIOTCS B OJUHAKOBBIX CIUHHUIAX
W3MCPCHUSA — MCETPax, COKpamaTh WX HA 3TOM OCHOBAHHUHM HEIB3S,
CJIE0BATEIbHO, PA3MEPHOCTD paguaHa COCTABUT

[pan] = M./ Mmg. (1.9)

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

[cp] = MyMp/vR (1.10)

31eCh TAKKE HEIb3sl COKPAIATh METPHI, CTOSIIUE B YUCITUTEIE, C
METpaMH,  CTOSIIMMU B  3HAMCHATENE,  IOCKOJABKY  OHHU
MEPICHANKY/ISpHBL 1pyr Apyry. Ho Temeps u pamuaH, U crepaguaH
npuoOpenu ueTkui ¢pusnueckuit cmpica. IlpaBaa, mis GolaplIMHCTBA
(pm3MUeCKUX 33434 O CHUX 0P 3TO HE MMEIO0 OONBIIOTO 3HAYCHUS HO
MMEHHO MOTOMY, YTO OBLT YyTPa4YeH (DHU3MUYCCKHUIA CMBICT CAMHX STHX
3a7a4.

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

ComnocTaBisist YACTbHYIO SHEPTHIO 3JICKTPUICCKOrO OIS ITPOTOHA

Wep = 00 M (1.1)

C YACTBbHOI SHEpPrueii motoka cTpyu s¢upa
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PV’
Wep = 00, M, (1.2)
2

rae & , ®/M — quanexTpuUecKas MPOHUIIAEMOCTh Bakyyma, £, B/m —
HANPSIKEHHOCTh 3ICKTPHUCCKOTO TIOTIS, M, KI/M° — IIIOTHOCTb CTPYH
a¢upa, ABIKYLICHCS CO CKOPOCTHIO Vi, M/c (CKOpocTH 3dupa BOKPYT
MPOTOHA), MONTYyYaeM, YTO, MOCKONBKY MOKA3aTelu CTCHCHEH & U 0,
pasusI 1, TO

& = 8,8510% &M~ =p = 8,8510* kr'm (1.3)

gyro BoomHe coorBerctByer  B3rmsaam  O.@penens (1823)
MPUMEHHUTEIBHO K TCOPHH HETTOABIKHOTO 3upa.

Puc.1.2. Lumroctpamus k Teopeme Iaycca

N3 teopemsr Naycca [27] (puc. 1.2)cmeayer, 4To 3ACKTPUICCKOS
cmernenue D onpeaensercs kak

q
D=gE=0 , (1.4)
s
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roe  — DSICKTPUYECKUH 3apsm, S — IuUomans IOBEPXHOCTH,
OXBATBIBAIOLICH 3apsii, OTKYa

o K1=DS=£ES =0, VS =2 V;,S krc . (1.5)

3mecs S= 4tR % R —paauyc cdepsl, CKBO3b KOTOPYIO IIPOXOIHUT
MOTOK 3JEKTpHYECcKOro cMemenus D; Vi, — ckopocTh moToka 3¢upa Ha
paccrosiauH R oT meHTpa mporona.

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

Vip — CKOPOCTH KOIBIIEBOIO JBIDKCHHS 3(pHupa Ha MOBEPXHOCTU
MPOTOHA.
Takum  oOpaszoM,  ompezemsercss — (QU3MYECKUH  CMBICT

3MEKTPHUIECKOTO 3apsiaa;

9NeKmpudecKuil 3apsao ecmov WUPKYIAWUS NI1OMHOCHU NOMOKA
KOlblYeBoll cKopocmu 3pupa no éceil NOBEPXHOCMU YACMUbL,
PasmepHocTs snexkTprycckoro 3apsaa B cucreme MKC cocrasnser

[q], Kx (Kymon) = krc ™. (1.6)

Hcxoas m3 n3nokeHHOro, MOXKET OBITh ONPEAETEHA PA3MEPHOCTD
3neKkTpuaeckoro Toka. [Tockompky

i= oglot, (1.7)

TO Pa3MEPHOCTh 3HAYCHUS CAMHULIBI DICKTPUUCCKOro Toka — Ammepa
OTIPCIOCTUTCS KaK

[A] = krc 2 (1.8)

DTO JaeT OCHOBaHHME IS MEPEBOJA BCEX OJIICKTPHUUCCKUX U
marHuTHbIX BenmuuH u3 cucteMsr MKCA  (merp, kmiorpamm,
cekyHma, Awmmep) B wmexanmueckyro cucremy MKC  (merp,
KUJIOTPaMM, CEKYHJA), YTO CYIIECTBEHHO OOJIEr4aeT MpeACTaBICHUS O
(bU3MUCCKON CYIIHOCTH KaKIOU U3 HUX.
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1.3. EAMHUUBI 3N1eKTPUYECKNX U MAarHUTHbIX

BenuyuH B cucteme MKC

IlepeBoa eaunniy dusmueckux BenuuuH u3 cuctembi MKCA B
cuctemy MKC oCyIIeCTBISCTCS MyTeM 3aMEHBI CIUHUIBI CHJIBI TOKA
Awrep [A] pasmepHOCTBIO [Kr-C 7.

B rtabmuue 1.1 npuBeacHBI CAMHULIBI M3MEPCHHUNA OCHOBHBIX
3JCKTPUUCCKUX U MAaTHUTHBIX BenuuH B cucreme eanuui; MKC.

Tabauya 1.1
Benmarma HasBanme | O6o3Ha- E murnia E mria
eIUHUIB | YeHHe U3MEpEeHUs U3MEpEeHUst
B MKCA* B MKC
Pabora u sHeprust Jlxoynb Jx MK e 2 K M2c2
MormnrHoCTE Batr Bt MEErc3 Kk M2c3
KommuectBo Kynon K A-c kel
SIIEKTPUYECTBA
(9IeKTpUYECKIiA 3apsi)
Cuta Toka Awmriep A A K2
Ilotox anexrpudeckoro | Kymon K A-c k- ¢ 1
CMeTIeHVs (MHTyKIU)
DJeKTprUUecKoe Kymon Ha | g2 Acca2 K M2 ¢ 2
CMeII[eHIe KBaJpaT-
(MH KIS HBIN MeTp
Hamnpspkerue, pas- Bombr B M2 A L3 | p2cl
HOCTb IIOTEHIHAJIOB,
SIIEKTPOJIBIDKYIIAS
cuia
OIEKTPOEMKOCTh ®Dapaja 0] Actw2 w1l | ko2
ONeKTpUYECKU - K M AcMm xkrwrcl
MOMEHT
Bexkrop nomnsprsarmu - K- M2 A o2 kv 2L
(TTOISIPI30BaHHOCTD)
OneKTpuyecKast Dapaa Ol Act a3 | kv 3
IIpoHuIaeMocTh Ha MeTp
HarmpsbxeHHOCTD Bomsr Bl kAL 3 el
SIIEKTPUHUECKOT0 OIS Ha MeTp
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DIeKTprUUecKoe OMm OMm M2k A2 | T mPe
COIIPOTHBIIEHNE
YenpHOE BIIEKTpUYe- - OM'M M3k A2 3 | k32
CKOE COIIPOTHBIIEHUE
V neapHas - oMLty | A28 Bt | w1l 32
SIIEKTpUYecKast
IIPOBOAMMOCTD
ToBIKHOCTH HOHOB - 2B Ll | Ac2xrl -
MarHuTHBI TIOTOK Bebep Bo MOEr A L2 | M2
MarHuTHas MHYKITIS Tecna Tn k- A L2 ML
MarHuTHBIIf MOMEHT - A2 A M2 KT M2 ¢ 2
BexTop uHTEHCHBHO- - AL Aarl ke ML c2
CTU HaMarHUYEHUS
(HaMarHUYEHHOCTB)
WHyKTMBHOCTD U T'enpu I'm M2k AL 2 | xrlav2c2
B3aUMHasI
VHJ[YKTUBHOCTh
MarnurHas Tenpu Ha | a1 MEkrA2 ¢2 | krlwmec?
IIPOHMI[AEMOCTh MeTp
HampspkeHHOCTD Ammep Ha | A1 Al koML ¢ 2
MAarHUTHOLO ITOJISL MeTp
MarnuroaBrDKyIIast Awmriep AuwmAs | A Krc 2
cwia wi AM-

IIEPBUTOK
MarnurHoe - AB61 A2-c202kr K- M 2¢2
COIIPOTHBIIEHUE —

AB-B6 !

*Tlo masnpiM CmpaBoyHHKA 1O (DM3MKE I MHXKCHEPOB WM CTYJCHTOB
BYy30B. M., Hayka, 1971 [40c. 892-909].

31ech creayeT oOpaTUTh BHUMAHUE HA HECKOIBKO MOMCHTOB.

B cucreme MKC  wmarHuTHas ~— MHAYKUOUAS —~— OKa3bIBACTCS
Oe3pa3MEpHOl, €CIM HE YYUTHIBATH TOrO, YTO BEKTOP MArHUTHOMN
WHIYKIUNA TCPIICHANKYISIPCH CKOPOCTH €€ pacmpocTpaHcHus. Ecmm
J)KC 9TO YYECTh, TO OKAa3bIBACTCSA, YTO MATHUTHAs WHIYKIUSI CCTh
CKOpPOCTh JBMXKCHHS d(Upa BAOJIb BEKTOPA MArHUTHOW MHAyKUuu B,
OTHECCHHAS K CKOPOCTH €€ PaCIPOCTPAHCHUS, PABHON CKOPOCTH CBETA
¢, mepneHauKy/sipHON Bektopy B. Ho B o0enx sTHX cKopocTsIX
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MPUCYTCTBYET BpEMS, BBIPAKEHHOW B CEKyHJaxX. B ormamume ot
TPEXMEPHOT O MPOCTPAHCTBA, BPEMSI OMHOMEPHO, IMO3TOMY €TI0 MOXHO
COKPaTUTh, U JJIs1 THAYKLHH OCTAECTCS Pa3MEPHOCTh

[B] = mp/m.. (1.11)

B ormmune or cymectByromeirr cucremsi MKCA, B kotopoit
MOCTPOCHUE HATJLITHBIX MOAeeH 3aTpyaHuTenbHo, B cucteMe MKC
JUIE  BCEX OIEKTPUYCCKUX W MATHUTHBIX BEIUYMH TOSIBIISICTCS
BO3MO)KHOCTb ~ MCXaHHYECKOTO  MOJCITUPOBAHMS,  JAOCTATOYHO
HATJISAHOTO TSI TOHUMAHUS UX U3HYECKOTO CMBICIA.

Buieoowt

1. TIlpeacraBneHuss 00  JICKTPUYSCTBE W MArHCTU3ME
COMPOBOKIAIOT BCIO HUCTOPHUIO CCTCCTBO3HAHHUS C JIPCBHCHIIMX
BPEMCH, HO HACTOSINCE pAa3BUTHC Hayka OO0 JJICKTPUYCCTBE U
3JICKTPOMATHUTHBIX SIBJICHUSIX Haudaja Pa3BUBATHCS TOIBKO ¢ 17 Beka
U TONyduia TCOPSTHYECKOEC U OSKCIICPUMEHTAIbHOC OOOCHOBAHUC
Tonmbk0 B 19 crosmeTwm, KOrga K W3YUCHHUIO 3JICKTPOMATHUTHBIX
SIBJICHUH MOAKITIOYHIOCh MHOKECTBO CBPOICHCKUX U aMEPUKAHCKUX
uccnegoBareneii. OCHOBHBIM TCOPETUYCCKUM TPYIOM, MOABOASIIAM
WTOTH JOCTUTHYTOro siBwics «Ipakratr 00 3JICKTPUYECTBE U
MarHetusme», paspadorannsiii Jlx.K.MakcBemaoM u wu3gaHHBIA B
1873 r. Ilomy4ycHHbie pe3yabTaThl, OOOOINAIOINME TPYABI MHOTHX
KCCIIC0OBATENCH TOr0 BPEMCHH, SBIINCh TCOPECTUUCCKON OCHOBOI
BCEX U3BECTHBIX HA CCTOJHS OJICKTPOMATHUTHBIX SIBICHUA U
MTOJTyYHJTA BCECTOPOHHIOK MMPOBEPKY MPAKTHKOM.

2. C coxaleHHEM CICAYET OTMETUTH, YTO (PU3UUCCKUC OCHOBBI
TCOPETHYUCCKOM 3JICKTPOTEXHUKH MOCIe paboT MakcBeia HUKaKoro
JAJTbHEUIICTO Pa3BUTHS HE MONYYUIH, YTO MPUBEIO, BO-TICPBBIX, K
MOJTHOMY  HCEMOHUMAHHUIO  (pu3uuecKoll CyIHOCTH — (hU3UICCKUX
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SIBIICHUH, & BO-BTOPBIX, K HE HCIOIb30BAHUIO B MPUKIATHBIX LETIX
MHOTHX PEabHO CYIIECTBYIOIIUX 3JICKTPOMATHUTHBIX SIBIICHHM.

3. IlpeacrasieHust 0 ra3onogo0HOM 3dupe — QuU3nUECKoi cpese,
3aMONMHSIOICH BCE MHPOBOC MPOCTPAHCTBO U SIBISTIOLICHCS
CTPOUTENBHBIM  MATEpUANIOM AT BCEX  0€3  HCKITIOUCHUS
MaTepHaIbHBIX 00pa30BaHMi, BKIIOUAsl U BCE BHIBI BELICCTBA U BCE
BHIbl CHJOBBIX TMOJCH, TO3BOJMHIN  ONPEACTUTh  CYIIHOCTb
SJCKTPUYECKOrO 3apsiia M Ha 9JTOH OCHOBE mpeoOpasoBaTth
3JEKTPOMAarHUTHYIO 4actb cucrembl uamepennii CUM — MKCA B
cucremy MKC, HOCAIy0 YHCTO MEXaHUYCCKHI Xapaktep. ITO
co3maer BO3MOKHOCTb JUTSL MPEICTABICHUS Tro0oi
SJEKTPOMEXAHWYECCKOH BENMYMHBI B BUAC TEX WIH HUHBIX (opMm
JBYDKCHHSI 5HUpa, YTO MO3BOMSET YSCHUTD UX (PU3HMUECKUHA CMBICIT.
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Maea 2. 3cmpoanHammueckas CywHOCTb
3aneKkTpomMarHeTnima

2.1. CTpyKTypa CBOOOOHOrO 3reKTpoHa

Ecnu mpucoetnHEHHBIN K APy TOPOUAATILHBIA BUHTOBOM BUXPh —
SJICKTPOHHYIO OOOJOYKY — OTOpBaTh OT sapa, TO OOpa3oBaBIIUICS
CaMOCTOSITCIBHBIA TOpOHJ OYAET CKAT JABICHUEM OKPYIKAIOLIETO
3¢upa u 00OpasyeTcst CBOOOJHBIN DICKTPOH.

Ha snemeHT mMOBEepXHOCTH BHOBb 0OPa30BaHHOTO TOPOUAATIBHOTO
BHHTOBOT'O BUXPS — 3JIEKTPOHA — AEHCTBYET Pa3HOCTh CIUI. C BHEIHEH
CTOPOHBI JCHCTBYET AaBlIcHUE cBOOOTHOrO 3¢dmupa, ¢ BHYTpCHHEH —
CyMMa CHJI BHYTPEHHETO JABJIECHUS, KOTOPOE CYIIECTBEHHO MEHBINE
BHCIHETO [JABICHUS, IOCKONbKY BpAINCHUEM Tra3 OTOpPOIICH U3
LCHTPAIbHOMN 00/1aCTH HAa HEPUGPCPUIO BUXPS, U LCHTPOOCIKHOMN CHJIBI.
Takas cumcrema HEycTOMUMBA M HAYWHACT CAMOIIPOM3BOJIBHO
CKUMAThCSl, TIOCKOJIBKY B MEKATOMHOH OOIACTH CKOPOCTH TCUCHUS
3(upa MEHBIIE, YeM B JICKTPOHHBIX 00OJIOYKAX aToMa, TPaIUCHTHI
CKOpOCTEH MEHBIIIE, CIICIOBATEIBHO, AaBICHNE S(1pa 31eCh BBILIC.

Hdns  cBOOOAHOTO BHUXpPS JODKEH  COXPAHHUTBCS  MOMCHT
KOJIMYECTBA MABIDKEHHS M Y TOPOMJATBHOTO, M V KOJBIIEBOTO
BpaIIEHUs, 4YTO TPH CXKATHH TPUBEAECT K CAMONPOH3BOIBHOMY
BO3PACTAHUIO U JIMHCHHOW, W YIJIOBOW CKOPOCTH OOOUX IBHKCHHIMA,
OpUYeM JHHEHHONM CKOPOCTH IPONOPLMOHATIBHO IEPBOU CTEIECHU
cxartws, a yrioBod — B kBaxpare. llpomecc camonpon3BoiIbHOTO
CXKATHsI Ta30BOTO BHXPS M JHEPTETHUECKHE COOTHOIIEHUS 3TOTO
Mporecca OB PACCMOTPEHBI BBIIIIC.

Cxatne BHXpsS M BO3pacTaHWE CKOPOCTH BpamieHus OyayT
MPOAOJDKATECS A0 TEX IOP, MOKA IUIOTHOCTh BUXPS HE BO3PACTET IO
HEKOTOPOI KPUTHUYECKON BETUYUHBI, OPEAIONIOKUTEIBHO TON XK€, YTO
M y TmpoToHa, T.c. 10 BenmumHel mopsigka 10°-10° kr/m°. B
pe3ynbTaTe MOIYYMBLICECS BUXPEBOC BHHTOBOE KONBLIO IMPUOOpETET
pasMmepsl, CYIIECTBCHHO MEHBIIHME, YEM OBIIM Y HCXOJHOTO BHXPS.
10 1 OyAET CBOOOIHBIN 3JICKTPOH.
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Takum o00Opa3oM, CBOOOAHBIN 3JCKTPOH MPEACTABISCT COOOM
BHHTOBOC BHXPEBOEC KOJBLO CxkaToro sdupa (puc. 2.1), B koTopom
3HaK BUHTOBOI'O ABUKCHUMA, T.C. OPUCHTALUA KOJBLICBOIO ABUKCHUSA
OTHOCHUTEIBHO TOPOMAAIBHOrO, MPOTHBOIMOIOKEH 3HAKY BHHTOBOTO
JOBIDKCHUS. d(upa B TEAC MPOTOHA, HO  KONHUYECTBO KOJIBLIEBOTO
JIBIDKCHUSE TO sk¢ camoe. ClieoBaTebHO, OH HECET B cede 3apsia Tou
JKC BC/IIMYUHBI, YTO U IPOTOH, HO 3HaK 3apdgaa HC HOHO)KHTCHBHBIﬁ,
Kak y MPOTOHA, & OTPULIATCIbHBIM.

a) 6)

Puc. 2.1. CTpykTypa CBOGOJAHOr0 3JIeKTPOHA: a — B MeTale; 6 — B
CBOGOIHOM IIPOCTPAHCTBE

Hammune KOJIBIICBOTO ABMKCHUA Yy J3JICKTPOHA MOATBCPIKAACTCH
TEM, YTO Yy OBJCKTpOHa OOHAPY)KEH CIHH — MOMCHT KOJHMYECTBA
BpAIATEIbHOTO ABMKCHUSI, PaBHBIN Y2 B ¢nquHunax /. I 1aBHOH OChrO
ANIEKTPOHA SIBJISIETCS OCh KOJIBLIEBOrO BPALLICHHS.

Ecmu y anexktpona B cBoOOIHOM 3dHpe Ta JKe MIOTHOCTD, YTO H Y
MPOTOHA, TO PAAMYCHI 3JCKTPOHA M IMPOTOHA OTHOCSATCS APYT JPYTY,
KaK KOpeHb KyOW4eCKUi U3 OTHOLICHUS UX Macc, T.€.

rdrp = (m/my)** = (9.1.10°41,67.16°)** = 0,082 (2.1)
U, CJICAOBATC/IBHO, paanyC CBO6OL[HOFO 3JICKTPOHA COCTAaBUT.
re=0,082,=0,082.1,12.16°= 9.10"" m. (2.2)

HJ'IOH.IaI[I: MOBCPXHOCTHU 3JICKTPOHA COCTABUT
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Sonos- = 4nrd = 4m (9.10M) % = 1,1.10% M7, (2.3)
a BCIIMYUHa KOJ‘ILLICBOI‘/'I CKOPOCTH OIIPCACINUTCS U3 BCIMYUHBI 3apsiia

e=pv,S=1,6.10"Kx (2.4)
OTKyJa

Vv, =epS =1,6.10'Y8,85.10" 1,1.10%" =1,64.16' m.c*.(2.5)
3HaueHue HIUPKYJIILUHT KOJIBLICBOI CKOPOCTH OIIPCACIUTCS KakK

(Circ)e = 2 rev= 21.9.10%.1,64.16° = 9, 27.16Mm*c7*
(2.6)

HJ‘IOH.IaI[L KC MOMICPCUYHOT0 CCUCHUS 3JICKTPOHA COCTABUT
Seer =are =7 (9.101) % = 2,75.10%m 2 (2.7)

[IpencraBieHue 00 DSICKTPOHE Kak O BUXPEBOM KOJIBIEC C
MEPEMEHHBIM ~ paguycoM Obiio BBeacHO B.d.Mutkesuuem [36, 37].
OCHOBHBIM ~ BO3paKCHHEM NPOTHB Moaenun MwuTkeBu4a ObLIO
VTBEPKACHUE, YTO 3apsA ¥ MArHATHBIH MOMCHT JJICKTPOHA
chepuueckn cummetpuunbl. OmHako mocneayiomue paboret By u
HCKOTOPBIX APYrUX (PU3MKOB IOKA3adM, YTO JJICKTPOH BEACT CeOs
MOJOOHO BpALIAOIEMYCS BHXPEBOMY KOIBLY, CIUH KOTOPOrO
HAIpPaBJICH BAOJb OCH €ro ABIDKCHUS. JTOT (aKT CHUMACT YKa3aHHbIC
BO3PaKCHUSL.

Kak wu3BecTHO, 37CKTpOH 00magacT COOCTBEHHOH JHEPrucH,
paBHOM

E = hv = mdc (2.8)

" CIIMHOM — MCXaHUYCCKUM MOMCHTOM BpaliCHUA
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s = %h = mrv, = mla = w (2.9)

Crun OTpaXkaCT TOJBKO MCXaHHMYCCKUM MOMCHT BpalCcHUuA
KOJBIICBOI'O0 ABMIXKCHUA, B TO BPCMA KaK JSHCPIrusd — TMOJIHYIO
BHYTPCHHIOIO JHCPIUI0 3JICKTPOHA, YUUTBIBAIOIIYIO KaK KOJIbLCBOC,
TaK 1 TOPONAAJIbHOC ABUXKCHUC. I[J'IH KOJBLCBOT O ABMOKCHUA

E. = Jw. /2. (2.10)

Ecin B cooTBeTCTBHU C NPUHITUIIOM Makcseiia OHCpruu 110
CTCIICHSIM CBO6OI[LI pacopeacisaroTCd paBHOMCPHO, TO

E. =E, (2.12)
U, MO KpalHEW Mepe, Il MEPBOro Ciaydas — CYyILIECTBOBAHUSA
3JCKTPOHA B CBOOOAHOM 3(HUPE — MOXKHO MPSANOIAraTh, UYTO

JVHEIHBIC CKOPOCTU KOMBLIEBOIO H TOPOHIATBHOTO ABIDKCHUH 3(dupa
Ha MOBCPXHOCTU OJJICKTPOHA pPAaBHBI U, CJICAOBATCIIPHO, YAaCTHULIbI
3(upa B TN 3ACKTPOHA ABMKYTCS MO BUHTOBOH JIMHUU ¢ HAKJIOHOM
BHHTA OKONO 45°,

Ecnu snexktpoH momajgaer B 007acTh, IAE CYLICCTBYIOT KakHe-
oo moToku 3dupa, TO, TOCKONBKY TPaiUCHT CKOPOCTEH
VBEIMYIMBACTCS, AABJICHHEC HAa MOBCPXHOCTH JJICKTPOHA MAJacT, W
BUXPCBOC KOJIbIO YBCIUMINUBACTCA B pasMepax.

Hy)KHO OTMCTUTD, YTO BHYTPHU MCTAJIJIOB 3JICKTPOHBI HC HAXOASATCA
B artmoctepe cBobGomHoro sdupa. Tam CymecTBYIOT W JApyrue
NPUCOCANHCHHBIC BUXPU, KOTOPBIC MOKHO YCJIOBHO Ha3BaTh
obonmoukamu  BaH-mep-Baameca um koToprle  oOecmedmBarOT
MEXKATOMHBIC CBSI3M HE XHMHYCCKOW (HE SJIEKTPOHHOI) MPHPOABI.
DIEKTPOH, HAXOMIIUICSI BHYTPH TAKUX BUXPEH, OyIET HCIBITHIBATH
JaBJICHHE MEHBIIEE, YeM B CBOOOTHOM 3(upe u ero pa3mepsl OyayT
CYIIECTBEHHO Oonbiunmu. Majo Toro, mepeMenasch B MPOCTPAHCTBE
MEXIY aTOMaMH METAJIa, DJICKTPOH BCE BPEMsI MEPEXOAUT M3 OXHOMN
0071acTH BaH-ACeP-BaaIbCOBOI 00OTOUYKH B APYTYIO, CKOPOCTH IOTOKOB
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3(pupa ¥ TpaauCHTHI CKOPOCTEH B HHUX Pa3NUYHEBI, CICJOBATCIBHO, H
JABJICHUSI B HUX PAa3AM4YHBI, IO3TOMY 3JIEKTPOH HE MOXKET COXPAHSATh
CBOM pa3sMepbl HEU3MEHHBIMHU, OHU BCE BPEMS MEHSIOTCS, PagUyC
KOJbL]A DJIEKTPOHA HE SBJSETCA IIOCTOSHHBIM M MCEHSIETCI B
3aBHCHUMOCTHU OT BHELIHUX (PAKTOPOB.

2.2. du3nyeckas CywHOCTb 3SIEKTPUYECKOro nons

Kak Obu1O MOKa3aHO BHINIC, MPU COSAUHCHUU IOTOKOB 3(upa,
COCTABISIIOLINX BJICKTPOHHBIC OOOMOYKH aTOMOB METalia, B OOMIYIO
CTPYKTYPY 4YacThb 3aBHUHTOBAHHOTO W VIUIOTHEHHOro 3dupa B
CTPYKTYpPE 3TUX 00070UEK OKA3BIBACTCS IUIIHEH 1 BHIOPACEIBACTCS BO
BHEIHEE MPOCTPaHCcTBO. BUHTOBAs CTpyiika HE MOXKET COXPAHSTHCS B
TAKOM BHUJAE, HOO OAMH KOHEL|, OBIDKYLIHMICS BIIEpPEl, MPEICTABISCT
co0oif HCTOK Ta3a, a MPOTHBOIOIOKHBIN ee KoHel — cTok. [lepeannit
KOHEIL CTPYHKHU 00s13aTENbHO JODKEH 3aMKHYTHCS Ha 3aJHUI KOHELI, B
pesyapTaTe uero oOpa3yercs HOBBI BHUHTOBOH Topoug adupa
HEOONBIION MacChl — CBOOOAHBIN 3ACKTPOH. B mpuHmmme, 9uciIo
TAKUX 3JCKTPOHOB B METAIUIC JODKHO OBITh MOYTH PABHO YHCIY
aToMOB, T.¢. mopsigka 107°M ™, HOCKOMBKY MpH 0OPAa30BAHUH JOMCHOB
— XHMHUYCCKH COCAWHEHHBIX TPYII aTOMOB KXKABIA  aToM
BBIOPACHIBACT NPU COCOMHCHHUM B OOLIYIO CTPYKTYPY CTPYHKY 3¢wupa,
00pa3yroLyr0 CBOOOHBIN IICKTPOH.

OmnucanHbIi MexaHU3M (OPMHUPOBAHUS CBOOOTHBIX 3JICKTPOHOB B
KPUCTAJIC METayla BBI3BAH MCPECTPOMKON BHEIIHEH 00O0I0YKH
aTOMOB METAJIJIOB B CBSI3U C 00pa30BaHUEM OOIICH KPUCTAINICCKOM
pemerkn. OObeAMHEHHE BHEITHUX MPUCOCAMHECHHBIX BUXPEH aTOMOB
B CAMHYIO CTPYKTYPY JODKHO TPHUBOIUTh K BBICBOOOXKIACHUIO
CBOOOJHBIX BUXPEH - BJICKTPOHOB, KOTOPHIC HAYMHAIOT OITYKIATh 10
KPHCTAIIY B BHJIEC TaK HA3BIBAEMOIO <GIEKTPOHHOro rasza». Heuro
aHAJIOTHYHOE 00Hapy»KEeHO aBTOPOM u MOATBEPIKICHO
SKCIEPHUMEHTAIBHO B KOBAJICHTHBIX PCAKLUSAX, MPH KOTOPBIX KaXKAast
mapa  B3aWMOJCHCTBYIOIIMX  MOJICKYJ ~ BBICBOOOXKIAECT  4YAaCTh
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3aBHHTOBAHHOTO YIIOTHEHHOTrO 3(upa, KOTOPBIA TYT ke oOpasyer
TOPOUAATBHBIN BUXPh 3dupa.

Ilo ompeneneHHMIO HANPSDKEHHOCTh 3JIEKTPHYECKOTO IO €CTh
cuja, ACUCTBYIOLIAs HA €IUHIYHBII 3JICKTPUYECKUIL 3apsif, TaK 4To

F
E= 00O. (2.12)

OnHako Beskasi CHIa MOXKET BO3HHMKATh B PE3YJIbTATE MOSBICHUS
TpagueHTa AABJICHUSA, KOTOPOE, B CBOIO OYEPE]b, MOXKET BOZHHKATH
KaKk pe3yibTaT TpagueHTa CKOpOCTeil MOTOKOB 3¢upa B
3JIEKTPUYECKOM MOJIE U HAa MOBEPXHOCTH B3aUMOACHCTBYIOMIEN ¢ HUM
YacTULBl. YYHUTHIBAas TONCPCYHBIA XapakTep PacHpOCTPaHCHUS
BEKTOpa JJIEKTPUIECKON HAINPSHKEHHOCTH, CIEAYET IoNaraTh, 4TO BO
B3aMMOJCHCTBUHN JIEKTPHUECKOTO IO U YACTHLIBI YYACTBYET MOTOK
5¢pupa, HampaBICHHBIA HE B HANpPaBICHHM 4YacTULB, a B
MIEPIICHANKY/IPHOM HaNpaBiIeHWH. B 3TOM ciydae mpoHCXOauT
B3aMMOJCHCTBHE 3a CUET TPAJMIEHTOB CKOPOCTEH, BEKTOP KOTOPOTO
HaIIpaBIIEH B CTOPOHY YacTHIbl. Takoe B3anMOJeCTBIE BO3MOXHO B
TOM CIIy4ae, €CIH B CaMOW CTPYKTYPE OJJIEKTPHYECKOTO IO
CYWIECTBYET HE TOJBKO IMPOJOIBHOE, HO W TONEPEYHOE TEUCHUE
s¢wupa.

Ilpm mosBrneHMM HAa MOBEPXHOCTH JJIEKTPOAA SIEKTPHUECKOTO
3apsaa, T.€. IIPH BBIXOJE HA €ro IOBEPXHOCTh JJIEKTPOHOB B
OKPECTHOCTSX 3JIEKTPO/Ia YCTAaHABIMBACTCS SIEKTPUIECKOE TTOTIE.

U3 puc. 2.2 BuAHO, 4TO NPH BBIXOAC HA MOBEPXHOCTD ICKTPOIA
BHHTOBBIX BHXPEBBIX TOPOUAOB — JICKTPOHOB WM MPOTOHOB OHHU
CO3Jaf0T B IPOCTPAHCTBE BHE OJJIEKTPOJOB BHHTOBBIE BHUXPEBBIC
TpyOKHu ABmkyierocs 3¢upa. B Buxpesoii TpyOke, 0Opa3oBaHHOI B
CpeAe BUHTOBBIM TOPOUJAIBHBIM KOIBIIOM, MOTOKU 3(Hpa JBUKYTCS
HE TOJBKO MO KOJbLY B IIIOCKOCTH, MEPIICHOUKYISIPHONH OCH TPyOKH,
HO M mapamiensHo dtod ocu. Ilpm 3TOM B 1eHTpanpHON dacTh
BHUXPEBOH TPYOKH 3(up IOBIKETCS OT BHHTOBOTO TOPOHIA, a IO
nepudepur - K BUHTOBOMY TOPOHIY, TaK 4YTO OOLIEE KOJTHYECTBO
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MOCTYMATEIbHOTO IBMKCHUS d(pupa BAOIb TPYOKH B CPEIHEM PaBHO
Hymo. Takoe mocTymartenpbHOE JBIDKCHHE UMEET OOMbINOE 3HAUCHUE,
MOCKOJNIBKY, OYAy4H pa3HbIM [0 BEITUYUHE U HATIPABICHUIO HA PA3HBIX
PACCTOSIHUSIX OT OCH TPYOKH, 3TO ABMIKCHHE CO3ACT Pa3IHIHBIC
3HAUCHMS BUHTOBOrO (DaKkTOpa, MPUYEM IO OCH TPYOKH BHHTOBOC
JBIDKCHUC UMECT OJUH 3HAK, a 1O mepu)epry — MPOTHBOMOIOKHBIN
(puc. 2.2).

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

Kak mokasano B paborax [40, 41], cyMMupoBaThCsSI MOTYT JTUIIb
BHUHTOBBIC IIOTOKH, Yy KOTOPBIX BHHTOBOW (DaKTOpP IOCTOSIHEH U
OJIMHAKOB IO BCEil AMMHE BUXPs. Takoe BUHTOBOE JBIKCHUE JODKHO
YIOBJICTBOPSTH YPABHCHHIO

rotv =1y, (2.13)
w Wy y w; A
v__ Vi _vy _VZ _r_’
MIPH 3TOM

vgradl/ r = const. 12).



D(dupoaHmHAMIYECKAA CYITHOCTH 3JICKTPOMATHCTU3MA 41

Huuero momoOHOro i BUXPEBBIX TPYOOK 3ACKTPHUYCCKOMN
WHIYKOAA HET, CJICI0BATCIbHO, CYMMHPOBATBCS TMOTOKH 3THUX
BUXPCBBIX TPYOOK HE MOryT, a MOIYT JIHIIb pPa3BUBATHCI B
MPOAOIPHOM HAIPABJICHUH, CKOJIb3sl MO MOBEPXHOCTU APYT APYra, u
CMEINATHCS. B IMOMECPCYHOM HAMNPABJICHUM IO JABJICHUEM COCCIHUX
BHUXPEBBIX TPYOOK.

Takum 00pa3oM, CHJIOBBIC JHHHH 3JICKTPHYCCKOrO MO —
3JCKTPUUCCKAS UHAYKIUS — CYIICCTBYIOT KaK OTICIBHBIC BUXPCBBIC
TpyOku («rpyOku Dapasnes»), OAHAKO DICKTPUUCCKON WHIYKIMH
COOTBETCTBYET HE BCE OTO [BIDKCHHE, & TONBKO €ro KOIIbLEBAs
COCTaBIISOLIAS.

Inekmpuueckoe noie — 3IMO COBOKYHHOCMb  BUHMOBHIX
suxpesvlx mpyook rupa («mpyoox @Dapades») ¢ nepemeHHbIM RO
CeueHUI0 BUHMOBBIM (PAKMOPOM.

WMHTCHCUBHOCTD  3JICKTPUYECKOTO TOJSI  OMPEACISECTCS  €ro
HAMPSDKEHHOCTHIO, T.C. YUCIOM TPYOOK, MPUXOMAIIMXCS HA CAMHUILLY
IJIOMIAIU TOMECPCYHOr0 CCUCHHUS MPOBOJAHHKA, U COOTBETCTBCHHO
CCUCHHEM  KaXIOW TPYOKH: YEM  BBIIIC  HAMPSHKCHHOCTH
3JCKTPUYECKOrO MOJIst, TeM OOIBIICEe YUCA0 TPYOOK MPUXOTUTCS HA
CAVHMILY MUIOMAAA U TEM MEHbBINC OYJCT CCUCHUC KAXKIAOH TPYyOKH,
YTO HAXOAUTCS B MOJHOM COOTBETCTBUU C TCOPUCH ra30BBIX BUXPEH.
Ji1st ra30BOrO BUXPSL IIPU MOCTOSIHCTBE LIUPKYJISIIUHU ra3a BIOIb BUXPS
HAMPSDKEHHOCTh U JIMHEHHAS CKOPOCTh BPAINCHHUS TEM OOJIbINE, YeM
MCHBIIIC €r0 CCUCHUC.

Jist oIMHOYHOTO 3apsaa MOMHBII Yroll, 3aHUMACMBIA KOJBIICBBHIM
JBIDKCHHUEM, COCTaBIISICT 47T, CICIOBATCIBHO, it N TPyOOK yro,
3aHIMACMBIN KKIOH U3 HUX, COCTABIISCT

0 = 4nin, (2.15)

MpH 3TOM AN KaXIoW TPYOKH B COOTBETCTBHH C TEOpPEMaMH
I'erpmrompiia Ha BCEM €€ NPOTSDKEHWH COXPAHSIOTCS IS KasKIOH
3JIEMEHTAPHOU  CTPYMKH LUAPKYJISALUS U MOMEHT KONMH4YECTBA
JIBIDKCHUSL:
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I'=2arv; L =mvr=const. (2.16)

Kak Obit0 mOKa3aHO BHINIC, BEAMYMHA OAMHOYHOTO 3apsia
OTIPEICIIACTCS KaK

e=pVe S

ITockompky TOpPOMAANBHOE JBIKEHHE Pa3MBIBAET KOJIBIIEBOE
JBIDKGHHE 1O Bcel cdepe mpocTpaHCTBA, MAcCOBBIA  MOTOK
KOITBLICBOTO IBIIKCHUS uepe3 cepy OnpeaeauTcs: U3 BEIPAKCHUS

{ psVi S = PV, (2.17)
nin
| Dds=q, (2.18)

rae g — Bech 3apsii, Haxomsmuiics BHYTpH cdepsl; D = p,V, — motok
KOITBLICBOH CKOPOCTH IUIOTHOCTH 3(mpa, wmH, HHAYE, IOTOK
saekTprdeckoil nHAYKIuU. [lomydueHHOE BBIpa)KEHHE COOTBETCTBYET
teopeme ["aycca.

[Iporiecc BOZHUKHOBEHHSI 3IEKTPHUCCKOTO OIS MPH HOSBICHUH
HA MMOBEPXHOCTH JJICKTPOJA YIIOPSIOUCHHBIX 3apsI0B 3aKIIOUacTCs B
TOM, 4YTO BHXPEBOC JABIDKCHHC KaKOOH TPYOKM HAYMHACT
pacnpoctpaHsTbes BIoiab ocu TpyOku. Ilpm stom Ha Topue TpyOku
JOBWDKCHHE B(Hpa JICKAT B IUIOCKOCTH, TEPICHAUKYISPHOU OCH
TpyOKH, W TMO3TOMY CKOPOCTb PACHPOCTPAHCHHS 3SICKTPHYCCKOTO
MOJSl B BAKYYME PaBHA CKOPOCTH BTOPOTO 3BYKa B 3(upe — CKOpOCTH
pacmpocTpaHeHusl  MOMEPEYHOro  ABIDKCHWs,  obecrednBacMoin
BA3KOCTBIO 3¢upa, 3T0 U ecTb ckopocTh cBera. (CKOpocTh
PacIpOCTpaHEHHsT 3IEKTPUYECKOTO IMONII B KAKOM-THOO MaTepHaie
MeHb1Ie B K, pa3s,
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K, = \pulp, (2.19)
ra¢ py — IUIOTHOCTE S¢upa, BOBICKAEMOr0 B ABIKCHHC
ANIEKTPUYECKOTO TMONs B Marepuane; p, — IUIOTHOCTh 3dupa B
CcBOOOIHOM MPOCTPAHCTBE.

B ontudeckux cpemax K, = N, T.e. paBHO MOKa3aTeIO

mpeaomiacHus. OOBIYHO TMOKA3aTEIb MPEIOMIICHUS HAXOAWTCS B
npeaenax 1,4-1,6, mosToMy IUIOTHOCTh 3(Upa, BOBICKAEMOTO B
JBIDKCHHUC B DJICKTPHUYCCKOM MOJIC, OOJIBINE IIOTHOCTH CBOOOJHOIO
s¢upa Bcero B 2—2,5pasa, T. €. COCTABISCT BEAMUHHY Okoxo 2107
Kr'M

ComocraBiss €€ ¢ MacCOBOM TUIOTHOCTBIO TEX KE ONTHUCCKUX
CTEKON, COCTABISIOMCH BemmumHy mopsiaka (2,65-3)10° krm™
BUAUM, YTO B ABMXKCHHUC B JJICKTPUUCCKOM IT0JIC BOBJICKACTCS BEChbMa
HeGonbimas wacte >dupa, mopsizka 107 or Beeit maccer sdwupa,
oOpasyrouieit marepuain. B metannax, BO3MOKHO, 3Ta JOJIS OOIIbIIIE.

2.3. dusnyeckas CywHOCTb 31IeKTPUUYECKOro Toka B
MeTanne

[Mpu OTCYTCTBHU 3JCKTPHUUCCKOTO MOJSI 3JICKTPOHBI B METAILIC
COBEPINAIOT XAOTHYECKOEC TEIUIOBOC JABIJKCHHE M HMCIOT B
MPOCTPAHCTBE XAOTHUYECKYIO, T. €. PABHOMEPHO pACIPEIACICHHYIO
OPUEHTALIUIO.

HOI[ I[CﬁCTBHCM QJICKTPUYICCKOr'0 IO XaOTHYCCKOC ABMMKCHUC
OJICKTPOHOB B IIPOBOAHHUKC HCCKOJBKO YIIOPAAOUYUBACTCA. 3TO
YHOOopAA0UCHUC TIPOABIISICTCS JIBOSKO. BO-TICPBBIX, O3JICKTPOHBI BO
BpeMs CBOOOJHOrO mpoOera HAauNHAKT OPUCHTUPOBATHCS MO OO, T.
€. HAIPABIICHUE UX OCCH MpUoOpeTacT OOIIYI0 COCTABIISIONLYEO BIOIb
HarpaBJICHUA SJICKTPUICCKOTO oJId, BO-BTOPBIX, OJICKTPOHBI
MPUOOPETAIOT HEKOTOPOE YCKOPCHHUE B OOIIEM HANpaBACHUU BIOJb
nojid, yBCIUYHUBaAsE CKOPOCTb U TCM CaMbIM CBOKO KHHCTHUYCCKYIO
sHepruro. [loaToMy, HECMOTPSI HA TO YTO COYAAPCHHS JICKTPOHOB C
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SJICKTPOHHBIMU O6OJ'IO‘IK3,MI/I aTOMOB OpoBOAHHUKA WX BHOBbBH
JIC30PUCHTHPYET, B LIEJIOM 00pa3yeTcst MOTOK 3JCKTPOHOB, HMMEIOLIUX
yXKE  HEKOTOPYHO  OOIYI0  OPUCHTALMIO IO  HAMpPaBICHUIO
anekrpuyeckoro nois (puc. 2.3).

OTa OpHCHTALMs OJICKTPOHAMH TEPSCTCS IOCIC  KaXIOro
COYZapCHUS C MOBEPXHOCTSIMU MOJICKYJT META/IIA, HO 3aTEM YaCTHIHO
BOCCTAHABIIMBACTCS 3a BpeMs mpoOera MEXIy coygapeHusma. B
pe3ybTaTe B CPEOHEM BCSI COBOKYIHOCTb 3JICKTPOHOB B METAJLIC
CMEIIAETCs BAOAb OCH INPOBOJAHUKA H, KPOME TOrO, OKAa3bIBACTCS
Pa3BEPHYTOM MOA HEKOTOPBIM OOIIUM  yIJIOM  OTHOCHTEIBHO
ITOCKOCTH, TEPIICHOUKYISIPHON OCHM MPOBOAHMKA. BenmmdanHa 3TOTO
yIiIa MOXET ObITh ONPEAETICHA MCXOAS M3 OCOOCHHOCTEH CTPYKTYPBI
MAardmuTHOro I10Jid, BO3HUKAIOLICTO BOKPYr' IPOBOJAHUKA IIpU
MPOXOXKIACHUH 110 HCMY JJICKTPUYICCKOr'o TOKA.

Puc. 2.3. OpunentnpoBanne CHUHOB  JJEKTPOHOB  BJI0JIb
JIEKTPHIECKOTO TOJISI.

Benauunna TOKa, MPOTCKAIOIICTO 1O MPOBOAHUKY, COCTABUT

=eNSy, = edr/dt = dg/dt, (2.20)
rae e — saps; SaektpoHa, paseeni 1,6107° Kix; N — wamemo
3JCKTPOHOB B eAuHULE OOBEMa MMPOBOIHHUKA; S — ceuenue

IPOBOAHUKA; Vg — CKOPOCTh CMEINEHMS 3JIEKTPOHOB BJOIb OCH
MMPOBOJHUKA; N —YHCIIO IEKTPOHOB B 3apsiae (], MPOTEKAOIINX Yepe3
CCUCHHC MPOBOIHUKA.
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CkopocTh MEPEMEWEHUS 3IEKTPOHOB Vn, BIOIb IIPOBOJA
CEUECHUEM S, OIPEACITUTCS BEIPAKCHUEM

|
Vip = (2.21)

eN§g,

Ecnu momarate, 4to yncno 371ekTpoHOB N B MPOBOAHHMKE PaBHO
YHCTY aTOMOB METalia, TO TOrJa B eIUHHLE 00BbeMa COACPIKUTCS
mopsymka 10° M7 371eKTPOHOB, ClIeI0BATETBHO, CPEIHEE PACCTOSHIE
Mexay onektpoHamu cocramsier d = 107° M u mpu cedeHun
MPOBOJHMKA B Sy, =1 MM’ MOTYUHM, UTO B €r0 MOMEPEUHOM CEUEHHH
comepsxurest Ng = 10 371eKTPOHOB, UTO COOTBETCTBYET 3apsmy

0: =nge=10"1,6 -10”° =1,6-10°Kn. (2.22)

IIpu Toxe 1A wepe3 momepedHOE ceueHHE NPOBOAHHMKA B I1c
mokeH mpoitu 3apsx B 1 Kn, crmemoaTtenpHO, MOMKHO MPOUTH
6,25-10 3apsiaoB (.. YuuTBIBas, UTO CpEIHEE PACCTOSIHHE MEKIY
smekTposamu  coctasmser 1070 M, MOTydaeM CPEIHIOID CKOPOCTH
MEPEMEILICHUS 3IIEKTPOHOB BIONb MPOBOJAHUKA

Ve, =d ¢, = 107%.6,25.16 = 6,25-10F wm/c = 6,25mxm/c. (2.23)

HanpsokeHHOCTE  3ACKTpHueckoro mnoiast FE ectb  cuia,
JEHCTBYIOMAsT HA CAMHWYHBIA djckrpuucckuii  3apsa. Cuna,
JCHCTBYIOINAS HA 3JICKTPOH, OMPCACINUTCSA Kak mpomsseacuue Fe, rae
e — 3apsag sackTpoHa. llog melicTBHEM STOW CHUIBI 3JICKTPOH,
MMEIOLIUK MACCy M, IPHOOPETET YCKOPEHHUE, PAaBHOS

a = Eelm (2.24)

U 3a BpeMsi Al MexAy COYAApEHHSMH C TOBEPXHOCTSIMU AaTOMOB
MPHOOPETET AOMOTHHUTENBHYIO cKopocTh AV. Ecin A ecth paccTosaue,
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IPOOEraeMoe IEKTPOHOM MEXKAY ABYMS CTOJIKHOBEHUSMH H Vi
€CTh CKOPOCTh DJICKTPOHA, TO BEJIMYMHA 3TOTO MPOMEXKYTKA BPEMCHH
Oyaer paBHa

At =21 Vyep; (2.25)

IIpoBoAMMOCTP MMPOBOAHHUKA G TEM OOIBIIE, YeM BBIIIC
KOHLICHTpaLWsl 3apsiioB B c¢OMHHMLE oObeMa MeTaiia, 4eM Oojblie
BCIMYMHA 3apsgaa W 4YCM BBIHIC NOABMIXKHOCTH 3apsaa M, T. €.
MpUpALIEHUE CKOPOCTH, OTHECEHHOE K CUJIE, AEHUCTBYIOLIEH HA 3apsn,
T. €.

Ee A
0 =Nem; m =AV/E;, Avy=aAt = —— (2.26)
m u
H, CJICIO0BATECIBHO,
Né& 2
o= — (2.27)
mu

IMpuseneuuas dopmyna Ams pacdera MPOBOIUMOCTH METAILIOB
Brepsbic Obiaa BeiBeneHa [pyae 8 1900r. ([JI. ri.l [16]). Oxxako
CIACAYET 3aMETHUTh, YTO CaMa IOJBIKHOCTh 3JICKTPOHOB 3aBHCHUT OT
IJIOTHOCTH U BsizkocTH 3¢upa B Ban-nep-BaaascoBeix obooukax, B
MPEILIaX KOTOPBIX U MEPEMEIIACTCsT CBOOOIHBIH 3JICKTPOH.

Pacuer maunabl cBOOOAHOrO mpoOera 3JIEKTPOHA B PATUUHBIX
MeTasnax HAa OCHOBE CHOPAaBOYHBIX JAaHHBIX JAaCT XOPOIIES
COBMAJCHUC B MOPSAKAX BEIUYMH C OXXKHUAACMBIMU IO TCOPUU: HPHU
TemmepaType Homb rpaxycos o Llenscnro xus meaun A = 2,65107° u;
At amomuans 1,6410°7%° v, s Bosib(ppama 0,84.10%° ; s
sucmyta 3,710 u. IMocneanee 06CTOATEIBLCTBO TOBOPHT O BECHMA
HEOONBIIION BEIMYMHE MEKATOMHOIO MPOCTPAHCTBA B BUCMYTE, B
KOTOPOM MOTYT MIEPEMEIIATHCS CBOOOIHBIC DICKTPOHBI.
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[Mpuobperss  JONONHUTEIBPHYIO  KHHETHYCCKYIO — DHEPTHIO,
3JICKTPOHBI C OONBIICH CUITOH YAAPSIIOTCS 00 3JIEKTPOHHYIO 000TIOUKY
ATOMOB MPOBOJHUKA, YeM U OOBSCHSCTCS MOBBILICHHE TEMIICPATYPHI
MPOBOJHUKA MPH MPOXOXKICHUU MO0 HEMY JJICKTPHYCCKOTO TOKAa. A
MOCKOIIBKY ~ aMIUIUTyJa KOJCOaHWA MMOBEPXHOCTH SICKTPOHHOI
000JIOYKH aTOMOB BO3pPACTACT, TO W YHCIO CTONKHOBCHHI
ANICKTPOHOB C aroOMaMM BO3PACTACT, YTO M SBISACTCA  MPHIUHOU
VBEIMYCHUST 3JCKTPUUCCKOTO COMPOTUBJICHHS TPOBOJHUKA IIPH
Harpese.

IIpu pazorpeBe MpPOBOJHHKA €rO COMPOTHBICHUE BO3PACTACT 3a
CUCT BO3PACTAHUS AMIUIMTYABI KOJICOAHUH DIICKTPOHHBIX O0OIOYCK
aTOMOB M COKpAIUCHHUS B CBS3H C 3TUM JIUHBI cBOOOZHOrO mpobera
3JEKTPOHOB. [ MeIu OTHOCHTENBHOE COKpAINCHHE AJIMHBI Mpodera
cocrasmster 4,3310° K™ | ann amomunns — 4,610° K | u npu
n3MeHeHnn Temneparypsl Ha 10 rpaa. amuabl cBobomHOro mpobera
3JCKTPOHOB coctassr 2,5410 ¥ yvm 1,5610 M  cooTBETCTBEHHO.

[T10THOCTE TOKA, MPOTEKAOIIETO MO MPOBOAHUKY, OMPEACTUTCS
U3 BBIPAKCHUS

j = Nedy, (2.28)

MOCKOJIBKY OHA MPONOPLUOHANTBEHA 0OBEMHOM IIOTHOCTH 3JIEKTPOHOB
B METa/lle, BEIUYMHE JJICMEHTAPHOTO 3apsia U CpeOHEeH CKOpOCTH
3JICKTPOHOB BJOJb OCH HpoBOAHHUKA. [loxcTaBstst COOTBETCTBYIOIINE
3HAYCHUS BEJTUYHH, OTYIHM:

Ne .
j=—E=oF, (2.29)
mu

4TO U BeIpakaeT 3akoH OMma B auddepeHunansHoit hopme.

VMHOXKAsT JICBYIO W NPaBYI0 4YacTU BBIPAXKCHHUS HA 00bEM
mposoxuuka V = SL, rae S— mioma s ceueHus IpoOBOAHMKA, a L —ero
JUTHHA, TIOJy9IaeM
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jSL=0ESL. (2.30)
HOCKOJ'ILKy 3HA4YCHUC TOKa B IIPOBOAHUKC paBHO
I =jS, (2.31)

a NaaCHUC HAIIPAXKCHUA Ha IMPOBOAHUKE PaBHO

U=EL, (2.32)
MOy UM
us U
l=¢ ——=——, 2.83)
L R
rae
1 L pL
R=——=— 2.34)
c S S

€CTh aKTMBHOC COMPOTHBJICHHUEC BCETO MPOBOAHMKA, a p = llo — ero
VACITBbHOC COMPOTHUBIICHHUC.

MomHOCTB, 3aTpaumBacMas Ha CO3TAHHC TOKA B IPOBOJHHUKC,
COCTaBHT.

P=FAvV, ®)3
rie  F = EeN — cunma, Bo3aciicTByromass Ha JJICKTPOHBI; AV —

MPHUpPALICHUE CKOPOCTH 3ICKTPoHOB; V = SL — 00beM NpOBOAHUKA.
HOI[CTaBJ'ISISI COOTBCTCTBYIOIUC 3HAYCHU A, ITOJTYyIaCM
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Ee |

P=EeN SL=E%SL=ELEsS=Ul=1’R=U?R, (2.36)

mu

rae U —majieHue HanpspKeHUST HA MPOBOAHUKE, | — TOK B MPOBOIHUKE.

Bripakenne oTpakaeT 3HaUEHHE aKTHBHON MOIHOCTH, KOTOPYIO
HCO6XOI[I/IMO 3aTpaTuTh B IMPOBOAHUKC, UMCIOIICTO COIPOTHUBJICHUC R
A1 IPOIMyCKaHUd B HCM TOKa I 3Ta MOLIHOCTh 3aTpavuuBacTCsAd Ha
pa3orpes MPOBOAHUKA U HE BO3BPAILACTCSI OOPATHO B LICTIb.

C HU3MOKEHHBIX MO3WLUH MOXET OBITh PACCMOTPEH U MEXaHU3M
CBEPXIPOBOANMOCTH.

Ilpm moHIWKEHMHM TEMIIEpPAaTyphl YMEHBIIAETCA HE TOJBKO
TEITOBAass CKOPOCTh CAMMX BJICKTPOHOB, HO W aMIUTUTYJa BOIH Ha
MOBCPXHOCTAX  BJICKTPOHHBIX 060.]'[0‘161( MOJICKYJI. Ha‘lI/IHaH C
HEKOTOPOTr'O 3HAUCHHS BJICKTPOHBI METaIa, MONABIIME B TPYOKH
3HCKTqueCKOﬁ HaMps>KCHHOCTH, HC MOryT npeoao0JICTh
VACPKUBAINYIO CHITy TPAAUCHTHBIX TCUCHHH TPYOOK U IMEPECTAIOT
B3aHMOI[€I>'ICTB OBAaTh C SJICKTPOHHBIMU O6OJ'IO‘H(3.MI/I aTOMOB.
ConpoTUBICHHUE UCUC3ACT.

BCC BBIIMICU3JIOKCHHOC ITIOKAa HHKAK HC O6’bHCHH€T, nmoucMy Ipu
ABVDKCHUHA J3JICKTPOHOB BAOJIb MPOBOAHUKA BOKPYI HCTO ITOSABIIACTCH
MAargmuTHOEC IIOJIC. HO AL 9TOTO HYXXHO CHadaja MNpeaACTaBUTH
CYITHOCTH CAMOTO MAarHUTHOTO TIOJIA.

2.4. dusnyeckasi CywHOCTb MarHUTHOroO Nons

YI[CJ'ILHaH OHCPIrus MarHuTHOTO ITIOJISI paBHA

uH? B? &c®B?  ps(BY?
w = = = = I[}K/M 3, (237)
2 2o 2 2

II€ H{o — MATHUTHAS MPOHULIAEMOCTb BakyyMa; H — HampssKeHHOCTb
MarHUTHOTO MoJsl; B —MarHuTHas HHAYKLYS; €, — AUDICKTPUICCKAs
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MPOHHULIAEMOCTh BaKyyMma, 05 - IUIOTHOCTh 3¢upa B Bakyyme, C —
ckopocth cBeta. OTcroma cpady BHAHO, UTO MAarHUTHAS MHAYKUUSA B
no/kHa opMmanbHO ObITh Oe3pasmepHoii. Ha camom gene MarHuTHas
HWHAYKIWS BOBCE HE Oe3pasMepHa, a SBIACTCS OTHOIICHUEM CKOPOCTH
motoka 3¢dupa Vy, B CTPYKTYPE MArHUTHOTO [IOJIS, JICHKAIICTO B
IIOCKOCTH XY, K CKOPOCTH CBETa T.C. K CKOPOCTH BTOPOTO 3BYKA B
s¢upe B HANPABJICHUH Z JTH ABE CKOPOCTH MEPICHAMNKYISIPHBI JPYT
APYTY, U UX COKpaIaTh B pasMCPHOCTHU HCJIb34.

Vi
B=00,My/M;. (2.38)
c

Takum obpaszom, Pusuueckas cyuwHocms MazHUMHON UHOYKUUU
— 9MO CKOpOCHMb NOMOKA pupa é CmpyKmype MAzHUMOZ0 RO,
GHIPANCEHHAS 6 00X CKOPOCMU c8emd.

ITockonmpky HaMPsHKEHHOCTh MATHUTHOTO ITOJIS

H = Blu,, (2.39)
TO
H =vylusc = pViC. (2.40)

Otcroga BHOHO, YTO (pu3uuecKas CYuwjHOCMb HANPSHCEHHOCHIU
MAZHUMHO020 ROASL — IMO ROCMYNAMEIbHASL CKOPOCMb NJIOMHOCMU
upa 6 cmpykmype MazHUMHO20 ROA, M.e. yOelbHOe KONUUECHEO
osuscenus pupa.

N3 momy4eHHOro BBIPaXKEHUSI HEMOCPEACTBCHHO MOXKET OBITH
OIIPEENIeHa CKOPOCTh MOTOKA 3(upa B CTPYKTYpe MarHUTHOTO IO,
COOTBETCTBYIOIIASI 3HAYCHUIO HAMPSDKCHHOCTH MArHUTHOrO momst B 1

Al

Vv, = H Ip,c = 1/ 8,8510*310° = 376,65u.c ™. (2.41)
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3HAUCHUI0 MarHUTHOM wHAykumu BeauumHoii B 1 Tecna
COOTBETCTBYET OTHOLICHHUE CKOPOCTH 3(PUPHOro MOTOKA K CKOPOCTH
CBETa B

B =y, H=4n10"=1,25610"° m,/m, (2.42)

IIpoBoanuk ceucnuem B 1 MM HMEET paguyc B Iy, = 0,564mmM,
Iomaae ero MoBEpXHOCTH coctamsier 3,54107° Mm% Ha oxun
9JCKTPOH TMPOBOAHHMKA MPUXOAWTCSA IUIOMAAb IMOBEPXHOCTU B

27
3,5410%" m?, uto MPEBBIIACT ILIOMAAb TPOBOIHHUKA B

3,5410%
=1.4-10pas.

2,7510%

Ecmu Ob1 3mekTpoH ObLM OBl OPHEHTHPOBAH CBOCH ITOCKOCTBIO
HMapa/UleIbHO  IUIOCKOCTH  OJHOMY U3 YYAaCTKOB  IIOBEPXHOCTH
MPOBOJHHKA, TO 3TO COOTBETCTBOBAJIO OB CKOPOCTH B

Vios =Vo/1,4-10° = 1,6410°71,410°= 1,1710%m.¢c L.

Ecnu no mposoxuuky Teuer Tok B 1 A, TO Ha €ro MOBEPXHOCTH
MOSIBUTCS. MATHUTHOE ITOJIC, HAMMPSHKCHHOCTh KOTOPOr0 COCTABUT

i 1¢°
H= = 282 A fm, (2.43)
2y 21 0,564

9TO COOTBETCTBYET ckopocTH B 1,0621510° m/c.
W 310 3HAUMT, YTO DICKTPOHBI TIOBEPHYTHI BCETO JIUIIB HA YTOJ B

21,0621510°
o = = 1810 "pan.
1,1710%
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Kak mokazano B mpexapiaymieM mnaparpade, moJ BO3ACHCTBUEM
ANEKTPUYECKOTO TMOJSI BCE DJICKTPOHBI, B KAKOM OBI MOIOKCHHUH OHH
HH HaxOJU/INCh, DPa3BOPAYMBAIOT CBOM OCH TakK, 4YTO 00pasyercs
HEKOTOpast 00mias COCTABISIIOLIAS IMPOCKLUA HMX CIIHHOB Ha OCh
mpoBogHuka. [lo OTHOmEHHIO K NHOOOMY YYacTKy HOBEPXHOCTH
HNPOBOJHUKA MOJOBUHA 3JICKTPOHOB OKa3bIBACTCSI MOBEPHYTOM K 3TOU
MOBCPXHOCTHU, IIOJIOBUHA K HpOTHBOHOJ’IO)KHOﬁ, TaK YTO HTUPKYJIALUA
OT KQXKJOH mapsl 3JIEKTPOHOB JACT CYMMAapHYIO LUPKYJSLMIO, OCh
KOTOpOii OyIeT OpHEeHTHPOBaHA BIOIb poBoAHKKA (puc. 2.4).

Q)

QR

@
\

Y
a) 6)

Puc. 2.4. O6pa3oBanne MArHITHOTO TOJIsI BOKPYI MPOBOJXHIKA. g —
OpHCHTAIUA BCKTOPA CIIMHA 3JICKTPOHA MAPAJLICIBHO OCH HPOBOTHUKA; 6 —
CYMMHPOBAHHE BHHTOBBIX MOTOKOB BHE ITPOBOIHUKA.

Ucxons n3 toro dakxra, 4TO Npu NMEPEMEIICHHH B MPOCTPAHCTBE
HE OOHApYKMBACTCS HUKAKUX JOMOTHUTEIBHBIX MATHHUTHBIX MOJCH,
YTO MOATBEPKICHO CIIENAIBHO ITOCTABICHHBIMHU SKCIIEPUMEHTAMH, a
TAKXKEC YUUTHIBAS OIBIT JPCTEAa, IOKA3aBLIETO, YTO MArHUTHAS
CTpEeJKa yCTaHABIMBAETCS NEPIEHANKYISIPHO NPOBOTHHUKY C TOKOM,
BBIPHCOBBIBAETCSI MPAKTUYIECKA €AMHCTBEHHO BO3MOXKHAS CTPYKTypa
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MAarHUTHOM CHJIOBOH JIMHUU KaK HEKOTOPOW TPYyOKH, B KOTOPOWH IO
MOBEPXHOCTH TEYET 3(QUp B OZHOM HAINPABICHUHU, & BHYTPH TPYOKH
BO3BpALIACTCS B MPOTHBOMONOKHOM, a caMa ke TpyOka Bparaerc,
TaK 4TO MO €€ MOBEPXHOCTU 3(PHUP TCUET MO BUHTOBOH JMHUU C YIIOM
B 45’k ocu TpyOku. [Ipu 5TOM MOCKOIBKY (hOPMHUPOBAHUE MArHUTHOM
CUJIOBOM JIMHUM MPOU3BOAUTCS 3JICKTPOHAMH, KOTOpBIE CaMHU
MPEACTABISIIOT COOOW BHHTOBBIE TOPOHABI HauOoJee BEPOSTHOM
CTPYKTYPOU MAarHUTHOW CHJIOBOU JIMHUU SIBJSICTCS. HAOOP BHUHTOBBIX
TOpOUAOB. BzanMmozaelcTBHE BUHTOBBIX MOTOKOB 3(Mpa MOKa3aHO Ha

Puc. 2.5.CTpyKTypa MATHUTHBIX CIUIOBBIX JINHHIT

Takum 0O6pazoM, CTPYKTYPHI CUIOBBIX JIMHHA MAarHUTHOTO HOMS U
SJICKTPUICCKOIO IMOJIsI BO MHOI'OM UACHTUYHBI, HO UMCIOT U pa3Invus.
3HCKTpI/IqCCKOC MOJIC UMCCT UCTOYHUK BUHTOBOT'O ABHKCHUSA B TOPLIC,
a MarHWTHOE T0JIE C MOBEPXHOCTU BCEl TPYOKH, MO3TOMY MAarHUTHAS
TpyOKa MOXKET CTPYKTYPHPOBAThCS B HAOOP BHHTOBBIX TOPOHIOB, a
JJeKTpuueckas TpyOka He wMoxker. OmHako Bce 310 Tpedyer
YTOUYHCHUA.

U3 BrIpakeHms

H = Ve (2.44)

M 3aKOHAa IIOJIHOTO TOKa
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i =[Hdl; H=i/2rR (2.45)
BBITCKACT
o
Vi = , (2.46)
2R

a CCJIn B MaTcpuajic CKOPpOCTb BUHTOBOI'O IOTOKA BBILIC, TO

Vy = —, (2.47)
2R

rie¢ 4 — OTHOCHTEIbHAs CKOPOCTh IOTOKA 3(Hpa B MaTepuanae Io
CPaBHEHHUIO C IJIOTHOCTBIO 3TOTO JKE MOTOKA B BAKYyME.

N3meHeHnne cxopoctn 3QupHOro IMOTOKA B  MaTepuaie
obecnieynBaeTCsi M3MCHCHHEM OpPHCHTALMM  JOMCHOB, KOTOPBIC
MOTOKaMH, PACIONOKCHHBIMH Ha MX Mepudepuu, b0 YBEIUIUBAIOT
00IIYI0 CKOPOCTh MOTOKA (MapamMarHeTUKu M (PeppoOMarHETHKH), THOO
YMEHBLIAIOT (IAMAMArHETHUKH).

ConocTaBuM ¢ HOIYYCHHON 3aBHCHMOCTBIO 3aKOH AMrepa Ams
CHJIOBOTO B3aMMOJACHCTBUSI TPOBOIHIKOB!

Pt T
dF=— 4 (2.48)
ZR

U TPEJCTaBUM €ro B opme

dF 1441t
_= (2.49)
dli, ZiR
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OTKyJa BHJHA IMOJHASA HIACHTUYHOCTH BBIPAXKCHUN AJII CKOPOCTH
BUHTOBOrO moTOKa od¢upa u 3akoHA AMIepa IO CHIOBOMY
B3aUMOJICHCTBUIO IPOBOJHUKOB.

Kax cmeagyer w3 3akoHa TOJHOTO TOKA, YMCHBIICHHC
HAOpPsDKEHHOCTH  MAarHUTHOTO TOJISI  BOKPYT  MPSAMOJUHEUHOTO
MMPOBOJHUKA C TOKOM [JOJIKHO MPOUCXOAMUTH IO TUIMEPOOTHICCKOI
3aBUCUMOCTH Y, CJIEIOBAaTEIbHO, OTHOLICHUE HANPSLDKECHHOCTEH
JIOJDKHO COOTBETCTBOBATH BHIPAYKEHUIO

H]_/Hz = Rz/R]_, (250)

rae R, u Ry — COOTBETCTBEHHO PACCTOSHUE OT LICHTPA HPOBOAHMKA 10
TOYEK U3MCPCHUS HANPSLKCHHOCTEH MarHutHOro nomst. OgHako 3¢up
CXKHMMACM, CJICIOBATCIBHO, /I MATHUTHOTO IIOJISI 3TO 00CTOATEIBCTBO
JMO/DKHO — CKa3bIBaThCS  CYLIECTBCHHBIM  oOpaszom. [lIpuBeneHHOC
COOTHOULICHHUE COPABEIIMBO  TOJABKO JUIss  MaJbIX  3HAYCHHMA
HAMPSDKEHHOCTSH MArHUTHOTO TOJIS, I KOTOPBIX €ro CxKaTheM
MOKHO mpeHeOpeyb. C yBETUYCHHEM 3KC HAMPSIKEHHOCTH TOIKHBI
HaOIIOAThCA OTKJIOHCHHUS OT DTOr0 3aKOHA. JTO OOCTOATEIBCTBO
MOCTYKUJIO  OPCAMETOM  OKCICPUMCHTAIBHBIX  HCCICIOBAHUH,
KOTOPBIE TOATBEPAUIN TO MPEAMTOIOKCHUE.

Ecau marautHOE mmoiie 00MamacT CBOMCTBOM CXKMMACMOCTH, TO
MPUBCACHHAS 3aBUCHMOCTh JO/DKHA HAPYIIATHCS, MPUYEM TEM
Oospie, YeM OOJNBIIC HAMPSDKEHHOCTh WM TOK, MPOTCKAIOMIMIA B
npoBogHuke. 1lo aHagoruu CO CXKUMACMOH KUIKOCTHIO 3TO MOKHO
MOSICHUTD CJICIYIOIIUM 00pa30M: BBIXOASINAS U3 BEPTYIIKU KUAKOCTb
(puc. 2.6 B BepxHeil yacTH) HAXOAUTCS MO OOJIBLIMM HAMPSHKCHUEM,
YeM KHAKOCTh, HAXOMAIIASCS HA HEKOTOPOM PACCTOSSHUHM OT
BEPTYIIKH. JTO 3HAYUT, YTO C YAAJICHUEM OT BCPTYLIKU KUAKOCTb
OyIeT pacUIHpPSATHCS U A00ABJIATH CBOIO DHCPTUI0 B IBIDKCHHE, T. €.
CKOPOCTh CXKHMACMOH >KMIKOCTH BIanu OT IEHTpa Oyaer Oosbiie
CKOPOCTH HEC)KUMAEMOM KUJIKOCTH.

Ha puc. 2.6 mpuBeacHBI 3KCHCPUMCHTAIBHBIC 3aBHCUMOCTHU
ortHomeHuit H/HO OT OTHOCHTEIBHOTO PacCTOSHUSA OO IICHTPa
MMPOBOIHHUKA [PY PA3HBIX 3HAUYCHUSX TOKA.
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Kax BuAHO W3 pe3ynbTaToB M3MEPCHHH, C YBETHYCHHEM TOKA B
MEPBUYHOM TPOBOJHHUKE OTKIOHCHHE HAIMPSHYKCHHOCTH MATHHTHOTO
MOMSl OT BEIUYMHBI, ONPEACICHHOW 3aKOHOM IIONHOTO TOKa,
cranoButcs Oonpie. C yBETHUCHHEM PACCTOSHHS OT MPOBOJHUKA,
T. € C YMCHBIICHHEM a0COMIOTHOH BETHYHHBI HANPSHKEHHOCTU
MArHUTHOTO  TOJS,  3aBHCHMOCTh  YOBIBAHHS ~ MAarHUTHOU
HANPSDKCHHOCTH NPUOIIKACTCS K TUNEpOOTHIECKON, ONPEaeTICHHOMI
3aKOHOM TOJHOrO TOKA, M TEM B OONbIICH CTEICHU, YEM MCHBIIC 3Ta
HanpspkeHHOCTh. [Ipu 3TOM, Ka3ajaoce Obl, poib Kpacebix 3(dexTos
JODKHa Oblia OBl BO3pacTaTh, OJHAKO HA JEJ€ OKAa3aloch, YTO
KpacBbic 3((EKThl HUBEIUPYIOTCS.

<

H/H,

0,5

0 2 4 6 8 wr,

Puc. 2.6. IJxcnepnMeHTAIBHbIC WCCJICAOBAHUSI 3aKOHA IIOJTHOIO
TOKA. @ — MEXaHMYECKas AaHANOTHA — W3MCHEHHE CKOPOCTH IIOTOKA
CKMMAEMOH JKUIKOCTH, MPHBOAMMOIL B IBIDKCHUE BEPTYIIKOH C JOMACTAMY,
6 —¥M3MCHCHUC HANPSHKCHHOCTH MATHUTHOTO MOJNA B 3aBUCHMOCTH OT
paccTostHHA OT OCH NMPOBOAHUKA; 1 — TeopeTmdeckas KpuBasi, BBIYICICHHASN
W3 YCIOBHSA TIOCTOSHCTBA LHPKY/SIIMA MArHATHOTO TomL, 2 —
JKCIICPHMEHTAIBHBIE pe3yiabTaThl mpu Toke | = 1 A; 3 -
JKCTIEpHMEHTANBHbIE pe3yibTatel mpu Toke | = 10 A. Hi3mepenms
mpoBoaCh mpH yactotax 50, 400u 1000T u
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NHurepriperanus HAMPSKEHHOCTH MAarHUTHOTO TTOJISE KAK CKOPOCTH
JAMHHAPHOTO TMOTOKA 3(HUpa MOXKET BBI3BATh OMPCACICHHBIC
BO3PAKCHUS.

Bo-miepBriX, kak wu3BEeCTHO, MakcCBEIT OTHAT MPCAMOYTCHUC
TPAKTOBAHUIO MArHUTHOTO MO HE KAaK MOCTYHATCIBHOTO, a Kak
BpAIATEIPHOTO [JBIDKCHUS B CBsizu ¢ oOHapyxeHHeiM Dapamcem
CBONCTBOM MAarHUTHOTO TOJIS MIOBOPAYUBATH TIOCKOCTH MOISIPU3ALIIH
cBeTa B HEKOTOpPhIX Kpucrammax. OgHako MakcBema HE y4en, 9To
IPAaJUCHT MOCTYHATEIBHON CKOPOCTH 3(Hpa MOXKET 001aJaTh TAaKUM
JK€ JCHUCTBUEM.

Bo-BTOpBIX, MAarHUTHOE TOJC HE OOS3ATCABHO SBISICTCS YUCTO
MOCTYHATSIbHBIM ABMKEHUEM d(upa. B HEM MOXKET MPUCYTCTBOBATH
COCTaBJISFOLIAS BPALICHUS, IPUYEM B Pa3HBIX (DU3UUYCCKUX SIBJICHUSIX
COOTHOMICHHUE MEXKIY CKPOCTSIMH MOCTYHATCIBHOTO U BPAIATCIBHOTO
JBIDKCHHUIA MOXET OBITh pa3audHbIM. Takasi BO3MOKHOCTB TpeOyeT
OTACTBHOTO  PACcCMOTPEHHS, HO 3TOT BapHaHT HE OyneT
MPOTHUBOPEUUTh HHU H3JIOKCHHBIM  BBIIIC MPSACTABICHUSIM 00
3JIEKTPUYIECOM TOJIE KaK O Ha0Ope BUHTOBBIX TPYOOK C MEPEMEHHBIM
10 CCUCHUO BUHTOBBIM (DAKTOPOM, HH M3JI0KCHHBIM MTPEACTABICHUIM
O HAOPsDKCHHOCTH ~ MArHUTHOTO  TMOJS KAk O  CKOPOCTH
MOCTYHATCIbHOrO ABIDKCHUS d¢upa. Tem HE MeHee, Takoe
MO/ICIUPOBAHHUE MMO3BOJUT YTOYHUTH MPCACTABICHUS O (DU3MUCCKOUN
CYLIHOCTH MarHUTHOTO OIS ¥ €rO MPOSIBJIICHUSX B PA3HBIX SIBJICHUSX.

Buieoowi

1. DOnextpuyeckoe TMONE, CO3AABAEMOE  AICKTPHYCCKUMHU
3apsgamMy, TPEACTaBIsIET coOoi  Habop SQUPHBIX  JTHHEHHBIX
BHUXPEBBIX TPYOOK IMEPEMEHHOTO MO ITyOMHE BUHTOBOTO (haKkTopa, YTo
MPEISITCTBYET MX CIUSHUIO B OOLIYI0 BHHTOBYIO TPYOKY.

2. DNeKTpUYSCKUN TOK MPEACTABIACT COOOW [Ba SIBICHUS —
MEPEMELICHUE BCEX COACPIKALIMXCS B METAIE DJICKTPOHOB,
OXBAUCHHBIX XAOTHYCCKUM TEILUIOBBIM JBMIKCHHEM CO CKOPOCTSIMH,
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COCTABJISIOUINMH CAWHUILBI MUKPOMCTPOB B CCKYHAY, W IIOBOPOT
CITMHOB BCEX 3JICKTPOHOB B OOLIEM HAIPABICHUH BIOJIb POBOJHHKA.

IlepBoe siBaCHIE OOYCITOBIMBACT YBEIUUICHUE TCILIOBOM CKOPOCTH
3JICKTPOHOB W HAKOIUICHWC 3apsSJ0B HAa KOHIIC MPOBOJHHKA, BTOPOC
o0ecrneunBacT MOSABICHUEC MATHUTHOTO ITOJISI BOKPYT ITPOBOIHUKA.

3. MaruutHoe TmoONE, CO3JaBACMOE IOBOPOTOM  CIIMHOB
3JICKTPOHOB B HAIMPABJICHUU OCH IMPOBOJHHUKA, MPEACTABISICT COOOM
Ha0Op BUHTOBBIX BUXPEBBIX TPYOOK, OKPYKAIOIIUX ITPOBOIHUK.
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MnaBa 3. [iBUXXeHne aneKTpu4eckmnx
3apsaoB

3.1. KoHpeHcaTop (3MneKTpoeMKOoCTb)

Co3xaHre B MPOBOJAHUKE 3JICKTPUUSCKOTO MO 3aCTaB/SCT BCHO
MacCy 3JCKTPOHOB, HAXOMSINUXCS B MPOBOJHUKE, CMECINATHCS B OJHY
CTOPOHY, HAKAILIMBASCh HA OJHOM KOHIIC M MOKHAAS APYTOH KOHEI.
Ecnu Ha 00oux KOHIAX PACIIONOKEHBI METATHUCCKUE TIACTUHBL, T.C.
CO3JaH KOHJEHCATOp, TO HOPU OXHOM U TOM XKE 3JIEKTPUUECKOM
HalMpsDKCHAM B LCMHA  KOIWYCCTBO  DJICKTPUUCCKUX  3apsaoB,
HAKOJICHHBIX HAa OJHOU M3 IJIACTHH, OyaeT TeM Oomblie, ueM OOobIie
€C IUIOIAAh W TEM MCHBINE, YEM OOJBINC PACCTOSHUEC MEXKAY
MIACTHHAMH.

PaccmoTpuM  3apspDKCHHBIM KOHICHCATOP, HA ONHOM W3 TUIACTHH
KOTOpPOro TMOMCIICH 3apsaa ¢, a Ha apyrod —(. Hamwmuwme paBHBIX u
MPOTHUBOIIOJIOKHBIX TTO 3HAKY 3apsSI0B O3HAYACT, YTO HA BHYTPCHHCH
MOBEPXHOCTH OAHOW M3 IUIACTHUH COCPEAOTOUEHO DJIEMEHTAPHBIX
3apsa0B

n=qgle, (3.1)

CO3JABIIMX MOJIC U3 N BUXPEBBIX TPYOOK, KOHLIBI KOTOPBIX BCE BXOMST
BO BTOPYIO IUIACTHHY, T.C. YUCIO BBIICALNINX W3 OJHOHW IJIACTHUHBI
TpyOOK paBHO YHCITY BOLICAIINX BO BTOPYIO IUIACTUHY 3TUX XKE
Tpybok. Ha BTOpOI M1acTHHE MMEETCsI HEAOCTATOK 3apsiIOB B TOM K€
komuuectse. Ecru Obl 3apsiapl He OBLTH PaBHBI HITH HIMEIH OAWH U TOT
K€ 3HAK, TAKOTO PaBEHCTBA HE OBIIO OBI.

[Tnomaae mOMEPeYHOro CEYCHUsI OJHOW TPYOKH COCTaBUT (B
CpemHeM)

S =5/n, (3.2)
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rae S — momans IIACTHHBI KOHASHCATOPa, & CKOPOCTh KOIBLIEBOTO
JBYDKCHISI TTO Tiepudeprn TPYOKH paBHA

Vo = I'2nf, (3.3)

rae /' — MHTCHCUBHOCTD LMPKYISIIUH 3(dupa B TpyOKe.

[Tpu n3meHeHnn muomaay TpyOKH 3a CYET YBEIMYCHUS YKCNA 3TUX
TpyOOK — YBEIHYCHHMs 3apsja Ha IUIACTHHAX — IUIOTHOCTH d(dupa B
TpyOKax p OYAET U3MEHATHCS MO CPABHEHHIO C TUIOTHOCTBIO 3dupa B
CBOOOAHOII cpeae p,.

plp, = SJS =2, (3.4)

Kak mnokazano B [42—44], ypasHenne bepHymmm npumeHHMO K
BHHTOBOMY TIOTOKY B IIENIOM. Pa3HOCTh JMaBIeHMI B 3IE€MEHTApHON
CTpy¥ike Ha nmepudepun BUXPst U B CBOOOTHOM 3(hHUPE COCTABIISET

AP =pv¥2, (3.5)

a JIsS BUXPCBOM TPYOKHM KPYrOBOTO CCUCHHUS B CPCIHCM IaJCHUC
JaBJICHUS BIOJb TpyOKH cocrasiser [16,c. 115]

AP =p,v 74, (3.6)
JUTsE TPYOOK HEKPYTOBOTO CCUCHUS

koI
AP=kpv?= ——. (3.7)
#r?

3meck K — xoa(huIpieHT  TPOMOPIIMOHATBHOCTH, YUHUTHIBAOIINM
dbopmy ceueHus TPyOKH.

[Tockonbky pacxof rasza B Kaxa0il TpyOke

Voo = Vp = CONSt, (3.8)
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MOJIy4aeM
2 2 2
0?800 I'“po
AP =kpv *= k =k , (3.9)
P &° r'e
II€ & — OTHOCHUTENBHAS IUIOTHOCTh 3(upa B BUXPEBOH TPyOKE B
JUSJIEKTPUKE.

OOmas cuna, AeHCTBYIOINAS Ha IJIACTHHY KOHACHCATOPA, PaBHA

F Zpozs F Zpozs F Zponz q2
F=APS=k =K’ =k = . (3.10)
#rie V.sYa 4S 2ceS

Takum  oOpazom,  (QHU3MYCCKHIA  CMBICT  OTHOCHUTEIBHOM
I[HC)HCKTpH‘ICCKOﬁ NPOHUIACMOCTH € — OTHOILICHUC ITJIOTHOCTHU 3(1)I/Ipa
B BHXPEBBIX TPYOKaxX B AMAJCKTPUKE K IUNIOTHOCTH 3(Hpa B BUXPEBOM
TpyOKe B BaKyyMe, T. €. B CBOOOJAHOM OT BEIIECTBA (HpeE.

Crexyer OTMETHTH CIEAYIOLUICE CYIIECTBEHHOEC OOCTOSTEIBCTBO
JUTSL TIPOXOKACHUSI BHXPEBBIX TPYOOK 3IEKTPHUYCCKOTO IMOJISI CKBO3b
mmonektpuk. Ilorokm »¢upa B 3TUX  BHXPEBBHIX  TpyOKax
MPEACTABJISAIOT COOOH CTalMOHAPHOE MBIDKCHHE 3(¢upa, KOTOpOS
MOYKET IMPUBECTHU JIUMIb K MOCTOSHHOMY CMELICHUIO 3(UPHBIX BUXPEH,
U3 KOTOPBIX COCTOHMT CaMO BEIIECTBO JHMIJICKTPHKA, HA HEKOTOPYIO
BEIMYMHY, MPU 3TOM Ha NEPEXOAHBIN Ipolecc, T.€. Ha YHOpPYyroe
CMCIICHUE MOJIEKYJ, OyAeT 3aTpaucHa HeKoTopas JHeprus. B
OCTaJIbHOM K€ HAIMYUE CTALMOHAPHOTO BHUXPEBOrO MOTOKA 3¢dupa B
JAUSJICKTPUKEC HU K KaKUM KOH€6aHI/IHM JacTul BEHICCTBA MPUBCCTU HC
MOXET. JTO O3HAYACT, YTO IHEPTHUsl BUXPSI HE PACXOAYETCS U UMEET
pEaKTHBHBIA XapakTep (SHEPrus HE MEPEXOAUT B TEIUIO — DHEPTHIO
KOJICOaHMIT ATOMOB).
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3.2. CBOGOAHLIN 3NEKTPOH B 3NIEKTPNUYECKOM nore

PaccMoTpuM  OBIDKCHUC DIICKTPOHA — BHUHTOBOTO BHUXPEBOTO
KONbLIA YIUIOTHCHHOro d¢dupa B BHHTOBOM mojie 3dupa -—
3neKTpudcckoM mosie. Ilomas B BUXPEBOE IO, DICKTPOH BBIHYKICH
Pa3BEPHYTHCS TaK, YTOOBI IUIOCKOCTh €ro KOJNBLICBOTO JABHKCHUS
COBIANa C IUIOCKOCTBIO KOJIBLICBOTO ABIDKCHHS 3(pHpa B TPyOKax.
Ilockoapky B BakyyME¢ HHKAKOTO COYIAPCHUS C MOJCKYJIAMH
BCIICCTBA HET, TO OPUCHTALMSI Pa3BEPHYBIICTOCS TIO MO0 SJCKTPOHA
Oyaer coxpaHsaTeCs HeompeaeneHuo gonro. llociae a3toro mofg
JEUCTBUEM pA3HOCTH JABJICHUM, JEHCTBYIOIIMX Ha 3JJIEKTPOH,
MOCJICAHUN MO/DKCH HAYaTh CBOC IBIDKCHUC BIONh OCH BHXPCBOU
TpyOKH.

Ilpu coBmamcHMY HaMpPAaBJICHUN KOIBLICBOTO ABMKCHUS BHXPEBOTO
OJISt Vi ¥ 3JICKTPOHA V;, HA TOU CTOPOHE YaCTHIBI, KOTOpas oOpalicHa
K T0JCO0pa3yiomMM BUXPSM,  TPATUCHT CKOPOCTH KOJIBLICBOTO
JBIDKCHHST OYAET MEHBIIE, YE€M C MPOTHBOIIOJIOXKHOW CTOPOHBI, H
[MO3TOMY JaBICHHME 3(upa Ha CTOPOHE, OOPAINCHHOW K HCTOYHUKY
mojst, OymeT Gonblie, YeM ¢ mpoTuBOmONoKHOH (puc. 3.1).

Puc. 3.1. Di1eKTpoH B TPyOKe 3JIeKTPUIECKOTO TOJISI.

B coorBerctBUHM ¢ YpaBHCHUCM BepHynnH OTH JOABJICHUS
OIPCACIATCSA BhIPAKCHUSIMU.
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B obracTu a:
Pa=P,— pa(Ve _Vn) 2/2; (31)

B obmactu b:

Py = Po—p, (Ve + Vi) 72; (3.12)
B 00jacTH C:
Pe=Py—pi[Ve — W — bov/or )]72; (3.13)

B obnacru d:
Py =Po—p[Ve + Wi — bov,or )]72. (3.14)

3meck b — TommuHa Tema snekTpoHA; Ve — CKOPOCTH KONBIIEBOTO
JIBIDKEHUA Tela DJIEKTPOHA; V; - CKOPOCTh KOJBLIEBOTO JBHKEHUS
SJICKTPUYICCKOTO TIOJIS; OVy,/Of — FPaJUCHT KOIBIICBOM CKOPOCTH TIOJIS.

IlpousBenss COOTBETCTBYIOIIME BBIUKCACHUS ©  mpeHeOperas
MaJIBIMU YIICHAMU, MOTYYUM 3HAYCHUS pa3HoCTH
JIaBJICHUHN,CO3JAIOIMNX TMOBOPOTHBIE MOMEHT OJJEKTPOHY, MpUUYEM
BCerJa B CTOPOHY COBMEIICHUS OCH MPOBOJHHMKA M BEKTOpa
TOPOUAAIBHOTO ABVKEHHUS JJIEKTPOHA!

AP =Vg,b ov,/or = vg,E. (3.15)

rae £ =bov,/or
Cuta, neiicTBYOIIAS HA SJICMCHT TUTOMIAIN SJICKTPOHA, COCTABUT

dF = APESIno = p,VeV, Simds, (3.16)
rae S — miomaap KOIbLEBOrO CEUCHUS SIEKTPOHA, 0. — YTOI MEXIY

TJIABHOM OCBIO 3JICKTPOHA M OCBhIO TPYOKH 3JEKTPHUYCCKOro mons; £ —
3JIEKTPUIECKAs HAMIPSHKEHHOCTb.
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Ha Bceit mmomaam 3ICKTPOHA TOCTOSHHAS —COCTABIISFOIIAS
KOJBIICBOM CKOPOCTH TOJS HE CO3JACT HUKAKOW CHIIBI, TTOCKOJIBKY
VBCIMUCHUC JTABJCHUS HA TEX y4YACTKAaX, TAC HAMPABICHUS IMOTOKOB

KONBILIEBBIX ~ CKOPOCTEH  DJJEKTpOHA W TONA COBIIQJAIOT,
YPaBHOBCIIMBAIOTCS YMCHBIICHUCM MABJICHUS HAa TCX YYACTKaX, TIC
OHH  WMCIOT  MPOTHUBOIMOJIOKHOC  HampasjicHue.  [losTomy

JIOTIOJTHATEIILHOE JABICHHE HA 3JICKTPOH CO3JaCTCS HE COOCTBEHHO
CKOPOCTBhIO TOTOKA 3(upa Vg, a IUPKYIAUUCH CKOPOCTU BOKPYT
KOHTYpa M, CICOOBATCIIbHO, CHJA, BO3ACHCTBYIOMIAS HA SJCKTPOH CO
CTOPOHBI BJCKTPUICCKOTO OIS, OMPEACTUTCS KaK

F = p.Ve [J(ovi/or) simdrdS = gEsir, (3.17)

rac
b
E = |(ovilor)dr. (3.18)
0

Taxum 00pa3oM, HAMTPSLKEHHOCTh 3JICKTPUUSCKOTO MO, T.C. CHIIA,
BO3JCHCTBYIOMIASI CO CTOPOHBI IICKTPUUCCKOTO TONS HA COUHUIHBIN
3apsan

E =Flq, (3.19)

MMEET CBOMM IPOUCXOXKACHHEM TIPAaJUCHT KOIBLECBOH CKOPOCTH
3(upa, yMHOKCHHBINH Ha pa3mep djekrpoHa. Otcroga MOXKET ObITh
ompenencH U (PU3UUCCKUI CMBICHT JJICKTPUYECKOM mHAYKIMH D kak
KOITMYECTBO KOMBIIEBOrO ABIDKCHHS (Upa B CAMHULEC 00beMa!

b
D=g.E =p.l(ov /or)dr. (3.20)

0
Jlnst 37€KTpOHA, ABIDKYINETOCS B CBOOOJHOM MPOCTPAHCTBE B
HanpasieHnu cuibl F, Si = 1 (1aBHast 0Ch 37EKTPOHA COBMAAACT IO
HAIIPABJICHUIO C HAIPABICHUEM OCH TPYOKU 3MEKTPUYCCKOTO IOJIS).
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[Mockombky JaBJICHIC €CTh MOTEHIMAbHAS SHEPrus,
NPOMOPLMOHATBHAS  KBAJAPaTy CKOPOCTH MOJIEKYJd, TO M CHIa,
JCUCTBYIOLass HA OJICMCHT JJICKTPOHA, OYAET YMCHBINATBCS HA
BEJIMYMHY, NPONOPLMOHAIBHYIO KBaApaTy OTHOCUTEIBHON CKOPOCTH
JBIDKCHUSL JJICKTPOHA Vg K CKOPOCTH PACIPOCTPAHEHMS KOJBLEBOTO
JIBIDKCHHSI B CBOOOTHOM CPEee — CKOPOCTH CBETA C, T.C. HA BEIMYUHY
(V/c) %, cnenosarensHo,

E=E,[1-{/c)?] (3.21)

U TPU CKOPOCTH ABIDKCHHS YACTHILBI, PABHOH CKOPOCTH CBETA, T.C.
npu Vg = ¢, E = 0,xax ObI HI MEHsIach BenmuuuHa F,.

[Tocnennee o3navaet, 4YTO ¢ MPUOIMIKEHUEM CKOPOCTH YACTHLBI K
CKOpPOCTH CBETa CHJA, JCHCTBYIOIIAS HA YACTHLY, YMCHBIIACTCS.
AHAIOTHYHO  TOMY, KaKk TMPH  YMCHBUICHUU  CKOJBKCHUS
BpAINAIOIIETOCST ~MATCHUTHOIO TONS OTHOCHTCIBHO pOTOpa B
ACHHXPOHHOW MAaIMHE YMCHBIIACTCS MOMEHT, Pa3BHBACMBbIil
poTOpOM. OTHM ACHHXPOHHBIM 3((EKTOM NPUHLMITHAIEHO MOXKET
ObITh OOBSICHEH (PAKT HEBO3MOXKHOCTU Pa3roHa 3apsHKCHHON YaCTHUIIBI
SJCKTPUYICCKUM ITONIEM ITFOOO0H, camMoil OONBbINOH HANPSKEHHOCTH IO
CKOPOCTH CBETA, & BOBCE HE TEM, YTO CKOPOCTh CBETA MPUHLIMITUAIBEHO
HE MPEOJOTHMA.

Takum o00pa3oM, TOIYYEHO BBIPAXKCHUE s HANPSDKCHHOCTH
3JIEKTPUYECKOTO MOJIA KaK CHJIbI, BO3ACUCTBYIOLIEH HA €IUHUYHBIN
3apsa. [lonmaras, YTo0 CKOPOCTh BpAINCHUS BHXPEBBIX TOPOUAATBHBIX
KOJICL] — 3JICKTPOHOB — MOCTOSIHHA, MONYy4YacM, YTO HAIMPSIKCHHOCTb
3JEKTPUICCKOrO OIS MPONOPLHOHATEHA HANPSDKCHHOCTH BUXPEBOTO
MOJsI, KOTOpasi MPONMOPLHOHAIBPHA YHCIY TPYOOK BHUXPEBOrO IO,
MPUXOASALINXCS HA CAMHALYY TIOMAAN OIS

Ecmu B cBOOOZHOM MpPOCTPAHCTBE 3IEKTPOH MPEIOCTABICH caM
cede, TO DBJICKTPOH, KaK M BCSKHU Ta30BBI TOPOUAAIBHBIN BHXDB,
HAYHET Pa3rOHATHCS B HANPABICHUH ITOTOKA, HMCXOMINETO U3 €ro
LEHTpaTbHOro oTBepcTrst. OQHAKO B OTIHYHE OT OOBIYHBIX Ta30BbIX
BUXpEH B cHiay 0co0OH pa3pekeHHOCTH »d¢upa H  Maloro
ko3 uLmeHTa ero BS3KOCTH, a TaKXKe B CHJIYy TOro, YTO B Tele
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SJICKTPOHA IUIOTHOCTh 3(QUpa Ha AECATKH MOPSOKOB MPEBBILIACT
IJIOTHOCTH 3(upa B CBOOOTHOM MPOCTPAHCTBE, MOCTOSIHHAS BPEMCHHU
pasroHa SJEKTPOHA OKAa3bIBACTCS BEChbMa OOJBLIOW U COCTABISET
JECATKA M COTHH JIET. ITO OOBSICHACT MPUPOAY KOCMHUCCKHX ITyUCH,
HO B YCIOBHUSX OOBIYHOI'O JKCICPUMEHTA BJICKTPOH MNPAKTUYCCKU
0CTaeTCsl HEMOABIDKHBIM, TaK Kak IUIOAAb MOBEPXHOCTH €ro Mana,
TAKKE Mana W BI3KOCTh 3(HUpa, MO3TOMY M CHJIA OTTATKUBAHHS
3JEKTPOHA OT OKPY)KAIOIIEH €ro Cpexsl Maia, W BpPeMs pas3roHa
COOTBETCTBEHHO BEIHKO.

3.3. CBOGOAHbLIN 3NEKTPOH B MarHUTHOM nore

Paccmorpum  moBexeHME BNEKTPOHA B MArHUTHOM — IOJNE.
MarsuTtHOoe mone camMo mo ce0e HHUKAaK HE MOXKET IMOBIUSATH HA
OPHCHTALIMIO 3JCKTPOHA BCICACTBHE B3aMMHOTO YPAaBHOBCLIMBAHUS
BCEX CHJ, BO3ACHCTBYIOIIUX HA JCKTPOH CO CTOPOHBI MO, IPUIEM
HE3aBUCHMO OT CTPYKTYPBl CaMOrO0 MArHUTHOIO HOMI U
peobaaanus B HEM KOJIBLICBOM W MOCTYHAaTENbHON
cocTaBIsronieit arkeHus 3dupa.

B camom gene (puc. 3.2),B obmactu 1 UMEET MECTO MPUTSLKCHUC
BUXpEH 3a C4YeT HOTOKOB 3(Qupa B IUIOCKOCTH PHCYHKA, HO
OTTAJIKMBAaHUS 3a CUCT BPALNCHUS Tra3a, TaKk Kak HalpaBICHUE
CONpPATacMBIX  IIOTOKOB ~ raza OJUHAKOBO — B  CTPOHY,
MEPICHOUKYISAPHYIO IUIOCKOCTH pUCYHKA. B oOmactm 2 — Bce
HA00OpOT — OTTANKHBAHUE BHUXPCH MPOHMCXOTUT 32 CUCT BPALICHUS
MOTOKOB 3(upa B IIOCKOCTH PHCYHKA, a MPUTSHKCHUEC — 33 CHET
MPOTHUBOIOIOKHOTO HANpaBICHHU JOBIKCHUH raza B IUTOCKOCTH,
MEPICHONKYISAPHON MIIOCKOCTH pucyHKa. [Ipm stom cocrasmstomue
cu, BBI3BAHHBIX  IOCTYNATEIbHBIM  JABIDKCHHEM  3(¢upa,
VPaBHOBEIICHBI MEXIY COOOU, Tak e KaKk M COCTABILIOIIUE CHI,
BBI3BAHHBIC BPALIATEIFHBIM ABIKEHUECM 3(Hpa TAKXKE YPABHOBCIICHEI
MEKTY COOOi.
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Puc. 3.2. YpaBHoBemmBaHWe [aBJIeHHil, IeiiCTBYIONINX Ha 3J1eKTPOH B
MATHUTHOM I10JIe

IlonoxxeHre CYIIECTBCHHO MCHSCTCS, CCIM BHCITHCH CHJIOH,
HaanMep y 3J'ICKTpI/I‘lCCKI/IM II0JIEM, 3J'ICKTpOHy an;[aHo
MOCTYIATCABPHOC JABIDKCHHE CO CKOpPOCThIO V. B 3toM cmyuae
CKOPOCTH IOTOKA 3(Hpa B 3JCKTPUUCCKOM ITOJIE VIT O TOBEPXHOCTH
KOJNbLIAa  M00AaBISETCS  CKOPOCTh  MOCTYMATCIBHOTO  JABHIKCHUS
3MEKTpOoHA. Pa3HOCTE CKOPOCTEH, ICKAMUX B INIOCKOCTH UCPTCXKA B
obmactu 1 cocraBut

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

KBaL[paTLI X COOTBCTCTBCHHO PAaBHBI

(A1) 2 = V2 + W+ VP o+ 20V + 2y (3.24)
(AV2) 2 = V2 + Ve - 20V + VP + 2V - 2. (3.25)
Pasnocts KBaJpaToB CKOpOCTEH B HATPaBICHIH,

HNEPIEHANKY/ISIPHOM INIOCKOCTH PUCYHKA, COOTBETCTBEHHO PaBHA!
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AV =V, =V, AV =V, + V. (3.26)

31ech KBaapaThl PA3HOCTEH CKOPOCTEH COCTABSIT

(AV'D) 2 =V, = v, + Vi (3.27)

(AV'2) = V2 + 20V, + Vi (3.28)

CymMma KBaJpaToB CKOPOCTEH B KaXKA0H 0OmacTu OyaeT paBHa

(Av) 2+ (AV) 2= 2.2+ 02 + VV + AV + 2V, (3.29)

(AR) 2+ (AVD) 2= 2.2+ 02 + VV + v - 2, (3.30)
a UX pPa3HOCTb COCTABUT

[(Av) 2+ (AV'D) ] — [(Aw) 2 + (AV'2) T = 4 Vv (3.31)

B coorserctBum ¢ ypasHenueM bepaymmn nmeem

P=p,C —pv 2 (3.32)
U, CIICOBATEIBHO,

AP = 20,vv. (3.33)

Cuma, aeficTByromasi Ha 3KBHBAJICHTHYIO IIOBEPXHOCTD 3JIEKTPOHA
Sxe, OTIPEACTUTCS KaK

F=APS: = 2 S, Vv = [BV], (3)34

YTO W COOTBETCTBYET 3akoHy JlopeHma ams JgBWKymerocs B
MarHUTHOM moOJ€ 31ekTpoHa. llpm 3TOM, Kak BHIHO H3 puc. 3.3,
HATpaBICHHE CHJIbl TMCPHCHANKYISIPHO HANPABICHUIO JBIIKCHUS
JMEKTPOHA.
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Puc. 3.3. IlosiBi1eHne OTK.]'IOHSIIOIJ_Ieﬁ CIJIbI IIpN JIBIMKEHNH JJIEKTPOHA B
MAarduTHOM I10J1€

3.4. UupykTMBHOCTL. MexaHn3m aABneHus
CaMOMHAYKUUN

[IpucoeanHeHHble 3(QUPHBIE TOTOKM YIOXOONSIOTCS — CKATOU
NpY>KUHE, 3araclieii MNOTEHIHAIbHYIO DHEPTUI0 U CTPEMSIIEUCS
OTOABHHYTH J3JIEKTPOHBI APYyr OT apyra. llpm sToM mpupareHne
JaBleHMsI OyJeT MPONOPLUOHATPHO BETHYHHE TOKA, MPOXOISIIETO IO
MIPOBOIHUKY .

s coneHonaa Takoe JaBieHUE OYACT NPOMOPLHOHATIBHBIM YHCTY
AMIICPBUTKOB IW, IPUXOAAIINXCS HA CAMHULLY €ro ATHHHI |:

iw
= —. (3.35)
I

B cucreme MKC eamuuma toka [i] — KT°C™, JUTHHBI [N-™m u,
CIICAOBATCBHO, CAVMHUIA W3MCPCHUSA JABICHUS TPUCOCAUHCHHBIX
CTPY# COCTABUT KI'M Le? wm H (HerotoH), T. €. Ty K€, YTO W JIs

OOBIYHOIO JABJICHUS.
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Pabora, coBepimacMast MpH CXKATHKM MPUCOCIUHCHHBIX [TOTOKOB
s¢upa, ompememseTcs Tak ke, Kak W paborta, coBepluacMas npu
CKaTUM OOBIMHOW mpyxuHbl. Ecnmu nms oOBIMHOH TPY>KWUHBI CHNa
cokaTHsI IPOMOPLHOHAIbHA Aeopmaniuu, T. €.

F = kx, (3.36)

rie K — xosdp¢uument ympyroctw, a CcoBepuicHHAs paborta
OMpeaACIUTCSA BBIPAXKCHUCM

X, kx?  F.?
W= JFdx= — = , (3.37)
0 2 R

rae F, - cuna cxxatus npyKUHBI, TO IS CKATHIX 3(UPHBIX TOTOKOB
OyaeM UMETh Ha €IUHHLY JUIUHBI COJICHONIA

Pk (W)’

R 2 1?2

W= (3.38)

Comocrassst MOJTYYCHHOC BBIPAKCHUC C U3BCCTHBIM BBIPAXKCHUCM
AJI1 SHCPTUU COJICHOUIa

p (iw) ?
w=— (3.39)
2|2

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

Ilpn mamuuum xene3a B CEPACTHHUKE APOCCETS MATHUTHOE IIONE,
CO31aBaeMO€ OOMOTKAaMHU COJECHOMAA, — VIOPSJOYEHHBIE IMOTOKU
a¢upa — TPATUT CBOKO DBHEPTUI0 HA pPa3BOPOT JOMEHOB —
KOHIJIOMEPATOB MOJICKYJ jkene3a. Takue KOHrmoMepaThl HAXOIATCS B
CCPACYHHMKE B HE YIOPSIIOYCHHOM IMOJIOXKCHUHU, OPHUCHTHUPOBAHBI B
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OpoOCTPAaHCTBC BO BCCX BO3MOXKHBIX HAIPABJICHUAX OTHOCHUTCIIBHO
paBHOoMcpHO. Ho mox BoO3mclicTBHEM  MAarHUTHOTO —TOMS  —
YHOOPAAOYCHHBIX KOJIBLICBBIX IIOTOKOB 3(1)I/Ipa, SIBJITFOIITUX CST
pE3yabTaTOM  YIOPSIOYCHHOH  OpPHCHTALMM  3JCKTPOHOB B
TOKOHECYINEM MPOBOAC, — JOMCHBI TaKXKE pPa3BOPAYMBAIOTCS H
00pa3yroT MarHUTHOE MOJIC CEPACYHHUKA. 3ACCh YKE MATHHUTHOE ITOJIC
npeacTaBisieT coboii HaboOp BUHTOBBIX BHXPEBBIX TPYOOK, W €ro
CTPYKTYpa, TakuM 00pa3oM, OTJIMYACTCS OT MArHUTHOTO IO,
€03aBacMOr0 TOKOM.

Taxkum 00pa3oM, UMEET MECTO MOCICAOBATE/IbHAS LCITb COOBITHI:
ANIEKTPUYECKOE TMOJIC B MPOBOJHUKE OOMOTKM COJICHOWAA 3aCTaBJISCT
OJICKTPOHBI TMPOBOAHHKA pPa3sBOpavYuBATLCA TIJIABHBIMHU OCAMHU B
HampasJICHUHU OCHU IIPOBOAHUKA, 3TUM CaMbIM CO3JArOTCS ITIOTOKH
KOITBLICBOTO JABIDKCHHS 3¢upa Bokpyr mpoBoxHuka. IloToxu sdupa
NOPOHUKAKOT B JKCTIC3HBIN CCPACYHUK U BBIHY>XKAAKOT JOMCHBI
Pa3BEPHYTHCS COOTBETCTBCHHO B OOLIEM HAMPABICHUM TaK, YTO OCH
BUHTOBBIX TPYOOK MArHHUTHOTO IIOJSI, CO3JABACMBIC TOMCHAMH,
OPHUCHTUPYIOTCA YaCTUIHO B O6H.[CM HarpapJICHUHU, ICPIICHAUKYJIAPHO
HAIPAaBJICHHUIO BO3JCHCTBYIOLICTO HA HUX BHELIHETO MOTOKA.

IMockompky Kaskgast Takas BHHTOBas TpyOka cBsi3aHa C
COOTBCTCTBYHOIIUM JOMCHOM, HaXOAAIMUMCS B CBA3HU C OCTAJIbHBIM
MarcpuajioM CCpACYHUKA, TO OTHU CBA3U HANPIATAOTCI HOI[O6HO
MNPY>KUHEC, U CCIIU BHCIMHUM ITOTOK HUCYC3HCT, TO OHU BCPHYT AOMCH B
HCXOAHOE MOJIOKCHHE. MarHuTHOE MMoJe, CO3JaHHOEC CEPIACYHUKOM,
ncuesHer. Tak O6CTOI/IT ACTI0 C MArHUTOMSATKUM MaTCpHUaJIOM.

JU1si MarHMTOTBEpAOro Marepuana Aeno oocrout uHade. Ecmm
COMPOTHBIICHUE CBSI3CH JOMEHOB B MaTcpHaC YAACTCS MPEOTOJICTH
BHCITHUM IIOTOKOM, TO OHH MOI'YyT W HC BO3BpaTUTh JOMCH B
HCXOAHOE COCTOsHME. Torma MarHUTHOE TOJIC COXPAHHUTCS U IOCTIC
OTKJTFOYEHHSI TOKA U3 OOMOTKHU COJICHOHA.

Ho naubonee mpocteiM crtocoboM ocaabacHUs CBSI3CH TOMECHOB C
MarcpuajioM SABJIACTCA, KaK H3BCCTHO, HarpcB MAarHUuTOTBCPAOIrO
Marepuasa BILIOTh A0 €ro PacIuiaBjicHus. Torga BHEIIHEE MATHUTHOC
moJIC JICTKO OPUCHTHUPYCT AOMCHBI B HY>KHOM HaIIpaBJICHUHU, a 3aTCM,
MOCIIC OCTHIBAHMSI MaTEpHalia, MEKMOICKY/SIPHBIC CBS3H 3aKPEILISIOT
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JOMEH B O3TOM TMOJOXKCHUU. Marepuan CTaHOBUTCS ITOCTOSIHHBIM
MarHuTOM.

IIpn Hammuuu xene3a B Apoccene oO0INas 3amaceHHas SHEPrus
MarHUTHOTO MO OYAET NpONOpLHOHAIEHA 00BEMY XKeTe3a!

# o (W) ®
W=—V,. (3.40)
21,2

IMockonbky 06BeM skemesa apoccens coctaBmsaeT V, = Sl , rae
Sk —CCUCHHUE CCPIACUHUKA, a |, — ATMHA MarHUTHOW CHIOBOU JIMHUU B
CEpACYHUKE, TO MOIYUYUM

p o (i) 2
= Sl (3.41)
21,2

rac {4 — OTHOCUTCIbHASI MarHUTHAs MPOHUIACMOCTb KCJIC3a. ITocae
COKpalleHHI OyIeM UMETh.

ppe  (w)? SW i2 i2
W= — S = o =L , (3.42)
2 Ix 2 2
rae
Sw w |
L= u = , Ry=——. (3.43)
| R o Sk

3necs R, - MarHUTHOE COMPOTHUBIICHUE CEPACIHHUKA.

Takum  obOpaszom, momyueHa  oObiuHas  ¢opmyna IS
HHIYKTUBHOCTH KATYIIKH C YKCIC3HBIM CEPACUHUKOM.

N3 M310KEHHOTO BUAHO, YTO PONb KCAC3HOTO CEPACUHHMKA B
WHIYKTUBHOCTH CBOJUTCSA K TOMY, YTO B HCM 3aracacTcs pPeakTUBHAS
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SHeprusi MarHuTHoro monsi. Ho st Toro 4ro0sl 3Ty SHEPTHIO B HEM
co31aTh, HEOOXOAUMO COBEPIIUTH PAOOTY, T. €. MPOU3BECTH HOBOPOT
JOMCHOB JKEJIE3HOT'0 CEPACYHHMKA W IS 3TOTO MPEOAONETh YIPYroe
CONPOTHBICHUE WX CBs3ci. JTa paboTa NPOU3BOIUTCS MYTEM
MOBBIIICHYST AABICHUS B MPOCTPAHCTBE MEXIY MPOBOAHUKOM U
)kenezoM. Camo 3TO JaBICHHE CO3MACTCS JJIECKTPUUECCKUM TOKOM,
TEKYIMM IO TpoBoAHHMKY. [losTomy oOmas 3amaceHHass SHEpPrus
MPONOPLMOHANBHA KBAIPATY BETUUMNHBI TOKA.

JHEeprus MocTynaTeabHOH CKOPOCTH 3(upa B BUXPEBBIX TPyOKax
BOKPYT NMPOBOJHHKA, HE UMEIOLIETO JKEIE3HOI0 CEPACYHUKA, H CCTh
SHEPTHSI MATHUTHOTO TOJIs. ECITH €CTh JKEIIC3HBINA CEPACUHUK, TO CIOAa
J00aBIISICTCSl OTCHUUANBHAS SHEPTUS YOPYroro MmoBOpPOTa JOMEHOB
cepacuHuka. Bces 3Ta cHcTeMa HampsDKeHA M yOCPKUBACTCS B
HANPSDKCHHOM COCTOSIHUHM IMOBEPHYTBIMU B OOIIEM HANpaBICHUU —
BIONb OCH HPOBOJHHKA — 3nckTpoHamu. CaMu K€ 3IEKTPOHEI
VICPKUBAIOTCS B 3TOM COCTOSHHH HANPSHKEHHOCTBIO 3IIEKTPHYECKOTO
OISl

Ecmu snektpoiBrmkymas cuia B HPOBOTHUKE HCYE3AET, TO
WCUC3aeT W TNPHUYMHA, YIACPKUBAKOMAS OJICKTPOHBI B  0OLIEM
OPHECHTUPOBAHHOM HATPaBJICHUH, HCUC3aeT W [JaBICHHE,
VICpKHUBAIOLICC MOTOKH B HANPsDKEHHOM COCTOSHHH. PaBHOBecne
HapyIICHO, W BECh Mporecc obopauymBacTCss B  OOpaTHOM
HanpasieHuH. Teneps BHEIIHUE MOTOKK 3(Hpa AABAT HA BHYTPCHHHE,
U JIMHUM KPYTOBOTO TOKa 3QHpa, COKPaINasch, BXOIAT B MPOBOIHUK.
Nx oHeprus TpaTuTCI Ha YBEIMYEHHE TEIIOBOH CKOPOCTH
SJEKTPOHOB TMPOBOJHHMKA. B 3TOM H 3akmodaeTcss MEXaHH3M
CaMOMHIYKLWH.

OOpatHelii xox mpouecca mpuBoauT k Ttomy, uto IC Ha
MPOBOAHUKE, CO3JaBacMas MEPEMCINAIOIINMUCS BHYTPb MPOBOJHUKA
MOTOKaMHU 3¢upa, NprodpeTacT MPOTHBOMONOKHBIN 3Hak, 31a JC
OyZeT MpONOPLMOHATbHAS 3aMaCcCHHOW SHEPIHMH HHIYKTHBHOCTBIO,
T.€. BEMMYMHE UHIYKTUBHOCTH, €CITH K€ TOK OOPBIBACTCS HE CPazy, TO
SJICKTPOHBI CIIEC COXPAHSIOIErOoCs TOKA MPOAOIDKACT — VICPKHBATDH
yacTe JaBicHUs. Takum oOpazoM, Ha KaYeCTBEHHOM YPOBHE MOMKET
ObITH 000CHOBaHA u3BecTHAs (hopmyiaa IJC caMOMHIYKITHH:
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e =— L di/dt. (3.44)
Buieoowi

1. CymHoCTh  3JEKTPHUYECKOTO  3apsiia  KOHJAEHcaTropa
3aKITIOYACTCS B HAKOIUICHWH JJICKTPOHOB Ha OJXHOW W3 €ro IIIACTHH
MPH OTTOKE TAaKOTO K€ KONHYCCTBA 3apsSA0B C APYrod IMIIACTHHEL.
Hakonnenue 3apsgoB co3maeT MEXAY IIACTHHAMHU SICKTPHYECKOS
ToJie, TPOTUBOACUCTBYIOIIEE MO0, 3aCTABUBIICTO 3JICKTPOHBI BOUTH
B IUIACTHHBI, ¥ IPUTOK BJICKTPOHOB MPEKPAILACTCS.

2. OtHOcUTENbHAS AUAJICKTPUYCCKAs MPOHHUIIACMOCTh BCIIECTBA
€CTh OTHOLICHUE IUIOTHOCTU CBOOOAHOrO 3(Upa B TUIICKTPHKE K
IIOTHOCTH 3¢upa B BakyyMe. B pesyaprare HampsyKCHHOCTb
3JEKTPUYICCKOrO MOl YMEHBINACTCS M PABHOBECHCE YCTAHABINBACTCS
MPHUTOKOM JOTMOTHHUTEIBHBIX 3ICKTPOHOB.

3. IloToku >¢upa B BHHTOBBIX TPYOKaX 3ICKTPHYECKOTO IO
HOCSIT CTAllMOHAPHBIH XapakTep W B AMAJICKTPUKAX MPHUBOASAT TONBKO
K CMCIICHUIO — JIMHCHHOMY HIIM VIJIOBOMY MOJEKYI BELIECTBA, NPU
STOM SHEPrus MOJsl 3aTPavrBacTCs TOJIBKO Ha MEPEXOMHBIN Mmpolecc,
KOTOPBIN caM Mo ce0e HOCUT PEaKTHBHBIA XapaKTep.

4. Cuna, OSUCTBYIOIIAS CO CTOPOHBI JJICKTPUUYCCKOrO MO Ha
CBOOOZHBIN 3ICKTPOH, YMEHBINACTCS MO MEPE €ro pasroHa, u Mpu
JOCTIDKCHHH ~JJICKTPOHOM CKOPOCTH, PaBHOH CKOPOCTH CBETa
CTaHOBHTCS PaBHOU Hym0. IMEHHO 3TUM 00BSCHSETCS TOT (PAKT, YTO
SJCKTPUYCCKH 3aPSDKCHHBIC YACTULBI SJICKTPHYCCKHUM TIOJEM HE
MOT'YT OBITh Pa30THAHbI O CBEPXCBETOBBIX CKOPOCTEH.

5. J[laBnenme »s¢upa Ha CcBOOOJHBIH U HENOABIIKHBINA B
MPOCTPAHCTBE SJCKTPOH YPABHOBEIICHO, HO €CITH  3JCKTPOH
MEPEMEIIACTCS OTHOCHTEIBHO MAarHUTHOTO TOJs, TO PaBHOBECHC
JABICHUA Ha Pa3HbIX YYACTKAX ANICKTPOHA HAPYINACTCS, U BICKTPOH
HAYMHACT CMCINATHCS B CTOPOHY OT MPSIMOTMHEHHOT'O HAIPABIICHHS.
6.  OU3MUYECKMIA CMBICI MATHHUTHOW HPOHHUIIAEGMOCTH BaKyyMa
COOTBETCTBYET K03 puumenty ympyroctu 3¢upa.
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JdupoanHamIdeckoe TABICHUE CO CTOPOHBI BHXPEBBIX TPYOOK
MarHUTHOTO TOJISl HA 3JCKTPOHBI, CO3JABIIME 3TO MArHHUTHOE MOIE,
HUMEET TY KE€ Pa3MEPHOCTB, YTO M y OOBIYHOTO Ta30BOTO JABJICHH,
9TO U €CTh IMOTCHLHUAIbHAS JHCPTUS MArHUTHOTO MOJSI, KOTOpas
CO37aeT 3.1.C. CAMOMHAYKUMU TPH HCYC3HOBCHUHU 3.1.C. MCTOYHHKA
TOKA.
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naBa 4. AnekTpoMarHUTHbIE
B3aumoaencTeusi

4.1. CunoBoe B3aumoaencTeue NpoBOOHUKOB C
TOKOM.

Kakx w3BecTHO, TIpM MPOTEKaHWM 10 [JBYM TNAPAIIEIbHBIM
NpPOBOJHUKAM  TOKOB  HNPOBOJHUKHM  HCHBITBIBAIOT  B3aUMHOE
HNPUTSDKEHUE, €CJIH TOKU TEKYT B OJHOM U TOM K€ HAIIPaBJICHUU, WU
OTTAJIKUBAHUE, €CIM HAIPABJICHUSA TOKOB IIPOTHBOIIOIOXKHEL. B
COOTBETCTBMHM C 3aKOHOM Awmmepa cuia  B3aUMOXCHCTBUS
NapajuleibHBIX IPOBOJHHUKOB C TOKOM B BaKyyMe OINpPEACIseTCs
BBIPAXKECHUEM

F=—pu— (4.1)

rae Y, = 4u-107 " Tr-m™ — MarauTHAS MPOHHUIIACMOCTh Bakyyma, |1 u I
— BCIIMYMHBI TOKOB B TECPBOM W BTOPOM MPOBOTHHKAX; | — amuHa
MPOBOAHUKOB; 0 — PaCCTOSHUE MEK Y UX OCAMH.

IIpuBeneHHOEC M3BECTHOC BBIPAKCHUEC COOTBETCTBYET OIBITHBIM
JAHHBIM,  OJHAKO, HE  BbIpakaeT  (PUIMUYCCKOW  CYLIHOCTH
B3aUMO/ICHCTBUSL MPOBOAOB ¢ TOKOM. Jljisi moHMMaHMs (DU3MUCCKON
CYIIHOCTH pPAaCCMOTPHUM B3aMMOJCHCTBHE [JIBYX OJCKTPOHOB —
VIUTOTHCHHBIX TOPOHAAIBHBIX BHUXPECBBIX BHUHTOBBIX KOJICL[ IIAPOBOM
(opMBI, PACIOIOKCHHBIX KAXIbIi B OXHOM U3 JABYX IPOBOJOB,
PaCHOJIOKCHHBIX MAPAUICTIBHO OTHOCUTEIIBHO IPYT APYyTa.

DICKTPOH, HAXOMAIIUICS B MECPBOM MPOBOAC MO BO3ACHCTBUEM
TOPOUIAIBHON COCTABISIIOLICH JBIDKCHHUS JJICKTPHUYCCKOTO  ITOJIS
Pa3BOPAYUBACTCS TaK, YTO IJIABHAS OCh JICKTPOHA OKA3bIBACTCS IO
VyIJIOM K TIPOXONBHON OCH TpoBOmAa MEHbImuM, deM /2. Jlns
MPOCTOTHl BBIBOAA IOJIOXKHM, YTO TJIABHBIC OCH JJICKTPOHOB M OCH
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MPOBOAOB COBMAJAIOT IO HAMPABJICHHIO, PEATbHBIA yroi MOBOPOTA
OyJeT yYTCH B JATbHCHIICM.

B coorBerctBum ¢ 3akoHoM buo-CaBapa TopomzanbHas
COCTaBISIIOIIAS BUHTOBOM CKOPOCTH 3(HPHOrO MOTOKA YOBIBACT
MPOIOPLUUOHANBEHO KyOy PacCTOSHHS, a KONbLIEBAs. B COOTBETCTBUH C
Teopemoii ['aycca — mpOMOpLMOHATBHO KBAaIpaTy pPAaCCTOSHHSL.
[TosToMy B AanmpHEHIIEM TOPOHIANBHAS COCTABISIOLIAS CKOPOCTH HE
VUUTBIBACTCS, 1 MOXKHO CHHTATh, YTO B3aHUMOJCHCTBHE 3JICKTPOHOB
OCYLIECTBISICTCS. TOJBKO IMOJ BIFSIHHEM KOJBLICBOM COCTABISIOLICH
MOTOKOB 3(Hpa BOKPYT IICKTPOHOB.

CkopocTh TEpeMELICHUSI JJICKTPOHOB BIONb MPOBOJA IpHU
MOCTOSSHHOM TOKe BenmdamHOW |, A, cedeHmm mpoBoga Sy,
COIEP/KAHME CBOOOMHBIX SICKTPOHOB B Meramre N, M™°, sapsze
OJHOTO 3JCKTPOHA € COCTABIISCT:

[
Verp = ———. 4.2)
eN§g,

duznaeckn B3aUMOACUCTBUE MEXAY HPOBOJHUKAMU
OCYHIECTBJISIETCS. 3a CYET TOrO, 4YTO COPUCHTUPOBAHHBIE B
HNPOCTPAHCTBE 3ICKTPOHBI CO3JAI0T BOKPYI HNPOBOJHHUKOB BUHTOBBIC
MOTOKH 3(Upa, KOTOPHIE BOCIHPHHUMAIOTCS KAaK MArHUTHOE IIOJE

TOKOB (puc. 4.1).

a) 6)

Puc. 4.1.B3aumojeiicTBUe 3JIEKTPOHOB B Mapa/UIe/IbHBIX IPOBOJHUKAX: a —
MpY TIPOTEKaHWM TOKOB B OJHOM HAaIlpaBICHWH; O IIpU TPOTEKaHMH TOKOB B
TIPOTUBOTIOTIOKHBIX HAIIPABIICHUIX
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[Tpu mapanmenbHON OPHEHTALIMH 3JCKTPOHOB B 0OOHMX MPOBOAAX
HATPABICHISI KONBLIEBOIO JBMYKCHHS BUXPEBOTO OIS V;; M SJICKTPOHA
Vi Ha TOH CTOPOHE YACTHLEI, KOTOpas oOpamieHa K Imoaeo0pasyomum
BHUXPSIM, MPOTHBOIONOXKHEI, TPAAUCHT CKOPOCTH  KOJBLIEBOTO
JOBWDKCHHS OynmeT Oonblue, 4eM C MPOTHBOMONOKHOW CTOPOHBI, H
MO3TOMY JABICHHUE d(Hpa HA CTOPOHAX IPOBOAOB, OOPAIIECHHBIX IPYT
K Apyry, OYAET MCHBIIE, YeM C IPOTHBOMOIOKHBIX.

B cooreerctBum ¢ ypaBHeHmeM bepHymam 3TH  gaBieHuHs
OTIPEIEIATCS BHIPAKCHUSIMH:

B obsacTu a:

P =P —py(Ve —i)72; (4.3)
B obnactu b:
P=P,—p,[Ve — (& — bovi/or)]7/2; (4.4)

IIpeneOperas MaabIMU 4ICHAMH, HOTYYUM PA3HOCTh JABIICHHH,
JEUCTBYIOIINX HA 3JIEKTPOH:

AP = 203VeVn , (4.5)

rIe Ve — CKOPOCTh ITOTOKA 3(hHpa Ha MOBEPXHOCTH 3IEKTPOHA; Vy, —
CKOPOCTb ITOTOKA 3(hmpa, CO3AAHHOTrO IEKTPOHOM, HAXOAAIIHUMCSI B
MEPBOM MPOBOAE, HA MOBCPXHOCTU 3JCKTPOHA, HAXOJSINETOCS BO
BTOPOM MPOBOJE.

Ecmu Ovl 51eKTpoH BO BTOPOM HPOBOAE OBLI MOBEPHYT TaK, YTOOBI
HANpaBJICHHE €r0 IJABHOH OCH COBIAJATIO0 C HAINPABICHHEM OCH
MPOBOAHUKA, TO CHJA, ACHCTBYIOINAS HA OXWUH 3JCKTPOH BO BTOPOM
MPOBOAE, COCTABHIA Obl BETHYHHY, PABHYIO:

F= 20.VeVuSecen. =20,VeV, Tl . (4.6)
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Ilpu ywere peanpHOrO yriaa oy TOBOPOTA BJICKTPOHOB,
HaxXOMAIOUXCSI BO BTOPOM TIPOBOJC, CHJIA BO3JACHCTBHUS Ha BCC
3JICKTPOHBI BTOPOTO MPOBOAA COCTABHUT:

Fa = poVe AN V0ol 2 = €npVy0 2, .
rac € — 3apsa dJICKTPOHA, M — KOJIHMYCCTBO 3JICKTPOHOB BO BTOPOM

MPOBOJE.
IIpeobpasyem BeipaxkeHUE A 3aKoHA AMIiepa

F 141,
— ==y : (4.8)
| 4rd
JI7st TOKa CIIpaBETTUBO COOTHONICHHUE
| = Vip€Sip.cen-N, 4.9)

TA€ Vip — CKOPOCTh MEPEMEIIECHUS 3ICKTPOHOB BAONIb IPOBOJHUKA; € —
3apsd ONEKTPOHA; Sypeew. — IUIOMAAb CEUEHHS HpoBogHHMKA; N —
KOJIMYECTBO JICKTPOHOB B CAUHUIC 00BbEMa METALIA, IPHYEM

e = pVeSe = AT,V e, (4.10)

3MeCh P, — IIIOTHOCTh 3(upa; Ve — CKOPOCTh KOJIBLICBOTO MOTOKA
3(upa Ha MOBEPXHOCTH JJICKTPOHA, S — IUIOWAAb MOBEPXHOCTHU
3JICKTPOHA; ['e — PAANYC DJICKTPOHA.

IMoxcrasmsist BeIpaskeHUE IJIsI TOKA B 3aKOH AMIiepa ¥ y4uTHIBas,
49TO

to = 1 /p,C, (4.11)

MTOITy4aeM
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F Vip1 € SipiN1 Vip2 € SN2 a1 € S§paNy a2 € SpoNo

| 4p,cd 17 Xo|

2 2
04T p Vel & SipiN1 04T poVel " SipoN2

4ip.d

VereZNZ o1
= 4.Vl SpaNay = .V (circ). (4.12)
d

3aech V; — CKOPOCTh IMOTOKOB 3(Hpa, BBI3BAHHBIX MOBOPOTOM
3ICKTPOHOB B MEPBOM MPOBOAHUKE; (CIFC) — cyMMapHast LUPKY SIS
3JICKTPOHOB BO BTOPOM ITPOBOIHUKE:

\4re2N2 o1
Vs ————— (4.13)
d
(circ) = 4nver s SipaNooi; (4.14)
€ — 3apsaa JJCKTPOHA; Vg1 U Vg2 — CKOPOCTH  NCPECMCIICHUS

3EKTPOHOB BAOIb IEPBOrO M BTOPOTO MPOBOTHHUKOB, Sp1 U Spr —
IJIOMIATU CEUCHHUsI MEPBOro W BTOporo mpoBoAHuKOB;, N u N, —
KOJIMYECTBO 3JICKTPOHOB B CAHMHHUIIC 00bEMa MPOBOJHHUKOB; 01 U Oy —
YTOJT TOBOPOTA MOTOKOB 3(hMpa B MPOBOJHUKAX, TAK YTO

oy = Vnp]_/C; o = Vnpzlc. (415)

Teneps Ta xe¢ Qopmyna 3axkona Amriepa mpuoOpena HUCTKUN
(U3HUECKUA CMBICT B3aUMOACHCTBHS SJCKTPOHOB B IPOBOAX:
IPAJMCHTHl CKOPOCTEH MOTOKOB 3(hMpa Ha TMOBCPXHOCTH DIICKTPOHOB
CO3JAf0T  JOMOJHUTENBHYIO  Pa3HOCTh  JABJICHHUM,  3JICKTPOHBI
NPUOOPETAIOT JOMONTHUTEIBHYIO CKOPOCTh B HAIPABICHUH BTOPOTrO
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NPOBOJHMKA ¥ OTHAIOT IMOMYYCHHOC NPHUPAINCHHEC HMITYJIbCa
MOJICKYyJIaM CBOCTO IMMPOBOJAHUKA. 3TO U IMPUBOAUT K MOABJICHHUIO CHUII
B3aUMO/ICHCTBUSL MPOBOJHUKOB. 3JCCh HECOOXOAMMO OTMETHTh, YTO
MOTYUCHHBIC BRIPAKCHHS IS YIJIOB MOBOPOTA MOTOKOB 3dupa o1 H
02 HE €CTh YIJbI MOBOPOTA 3JICKTPOHOB, KOTOPBIC CYLIECTBEHHO
oompmie.  CpemHue  yrmel  MOBOpOTAa  Oceld  3nekTpoHa [
HPEANOIOKUTEIBHO MOXHO OIPEICTUTh Yepe3 OTHOLICHUE CKOPOCTH
JIBIOKEHUA JJIEKTPOHA BJOJNb MPOBOJAHUKA VIIP K CPEAHEN CKOPOCTU
TCIJIOBOI'O ABVXKCHUS VT

B=19 [ = Vol Vs (4.16)

IlpencraBnser mHTEpeC OaTh HYHMCICHHYIO OLIEHKY HEKOTOPBIM
mapaMeTpaM,  Y4acTBYKOIIMM B CHJIOBOM  B3aUMOJCHCTBUHU
MNPOBOJHUKOB.

Ecim B 1ABYX mHpoOBOAHMKAX TEYET B OJHOM HaIPaBJICHUH
MOCTOSIHHBIA TOK cuiaod 1A, TO cuia OPUTSDKEHHS APYT K JOPYTY
MPOBOAHMKOB, UMCIOIMUX ATHMHY 1 M M pacnonokeHHBIX B OCSAX Ha
paccrosiHuH 1 cM apyr ot Apyra, COCTaBUT

F=4r-10" /4z -10° = 10° H.

B 5TOM ciyuae kasplit mpoBoxHuK coxepxkut 107 smexTpoHos,
PACIIONIOKEHHBIX APYT OTHOCHTEIBHO Apyra Ha paccrosama 1070
T. €. KOXKIBIA 3JICKTPOH HAXOAMTCS B MpeAciax OJHOH MOICKYIIbI
METajia, CKOPOCTh MEPEMELICHUS 3IEKTPOHOB BAOTIb OCH COCTAaBIISICT
6,25-10° wm/c, a yrael MOBOPOTA TMOTOKOB 3(HPA, BHI3BAHHBIC
TIOBOPOTOM 3JIEKTPOHOB, COCTABISOT Beero mumsp 6,25-10% 3.1 =
2,08:10" pax. Takoif Mambli yroa moBopoTa IOTOKOB >dupa He
03HAYacT TAKOro JKE 3HAYCHHS Yria MOBOPOTA CAMHUX 3JCKTPOHOB,
KOTOpBIT CYLICCTBEHHO OONbIIe ¥ B JAHHOM CIy4ac s
temmeparyps +20° C cocrapaser

ﬂ: 6,25106 /1,1516 — 4_1011 par.
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Takum oOpa3oMm, CHJIOBOC B3aMMOJCHCTBHE IPOBOJHUKOB
OCYIIECTBJISIETCA HE 3a CUET MEPEMEIICHUS DIEKTPOHOB OTHOCUTEIBHO
MPOBOAHMKA, a 32 CYET COBMECTHOM OpHUEHTALMM WX CIIMHOB
OTHOCUTEIBHO OCH MPOBOJAHWKA, YTO IPUBOAUT K YIOPSIOUYECHUIO
3(UPHBIX MMOTOKOB BHE IPOBOJHUKA, KOTOPHIC U BOCIPHUHUMAIOTCS
KaKk o00pa3oBaHHOE TOKOM MATHUTHOC II0j€. JTH  I[IOTOKHU
BO3ACUCTBYIOT Ha JJIEKTPOHBI, MpUJaBasi HUM JONOJHUTEIbHBIN
HUMITYJIbC B TONEPEYHOM HAIPABJICHUH, YTO U MPUBOAUT K CHIOBOMY
B3aUMOJICHCTBHUIO IPOBOJHUKOB.

4.2. B3auMOMHAYKUUA NPOBOAHUKOB

KaK HU3BCCTHO, B SJICKTPOTCXHUKC OTCYTCTBYCT IIOHATUC
KB3aUMOUHAYKIUA MIPOBOAHUKOB, XOTs HNMECCTCA IIOHATUC
KB3aUMOUWHAYKIUA KOHTYPOB». I/I3 npcaACTaBJICHUA (6]
B3aMMOUHAYKIIUU KOHTYPOB HCJIb3d BbIBCCTU B3aMMOUHIAYKIIUIO
OTACIBbHBIX IMPOBOAHUKOB, IIOCKOJIBKY B (bOpMyJ'ILHLIX BBIPAXKCHUAX
B3aMMOUHAYKIIUU KOHTYPOB TIPUCYTCTBYCT ILJIOMAAb KOHTYpA.
HaoGopor, u3 mpeactaBicHUl O B3aUMOMHAYKIHMH OTACIbHBIX
IPOBOAHHUKOB MOJHO 6]:1.]'[0 6]:1 BBIBCCTU 3aKOHBI B3aWMMOUWHIAYKIUU
KOHTYpoB 000  dopmei. ITloatomy wuenecoobpasno  HaiTh
3aKOHOMCPHOCTHU B3aUMOWHIAYKINU ITPOBOAHUKOB.

B COOTBCTCTBUU C O6quHI)IMI/I npeaACTaBJICHUSIMUA
QJICKTPOAWMHAMUKN IIPU HU3MCHCHHUU TOKa B IICPBOM KOHTYPC BO
BTOPOM KOHTYPE HABOJMUTCS 3JICKTPOABIKYINAS CHJIA

(20 :—M21 dl]_/dt, (417)

rae M3 — k03pGUIUCHT B3aMMOHHIYKI[HH KOHTYPOB.

Ionstue B3aMMOUHAYKIITUN KOHTYPOB MOXKCT 6I:ITI: BBIBCICHO Ha
ocHOBaHUM 3akoHa Papanes
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SdB
o =— ——— (4.18)
2 dt

rae S— miomaab KOHTYpa; B — MarHuTHast MHIYKIHS.

Hecmorpss Ha TO uro cam 3akoH ®Dapazes W ypaBHCHUS
MaxkcBenna, TPUBOMAIMME K TOMY JKC 3aKOHY, BBIBCACHBI Ha
OCHOBAHUHU KOHIEHIMH 3(HUpa, MPEANIOIATAOMEM HEIOCPEICTBEHHOS
B3aUMOJEHCTBUE DJIEKTPOMA-THUTHOTO TIOJISI U IIPOBOJHHUKOB, Ha
caMOM Jeli€ 3JECh SIBHO BBIPKEHA KOHLIECMIMS JaTbHOACHCTBUSA,
MOCKOJBKY MPOLIECC M3MEHEHHS MArHUTHOTO IOJSA HPOUCXOAUT B
oxHOM MecTe (BHYTPH KOHTYPA), SJACKTPOABIIKYINAS CHJIA TTOABISCTCS
B APYrOM MECTC — Ha ero nepudepun, a MexaHu3mMa B3auMOACHCTBUS
OJIs1 C MIPOBOJHUKOM HE MPEAYCMOTPEHO.

OnHako B APYroM 3aKOHE — 3aKOHE 3JICKTPOMArHUTHON WHAYKIIUU

e=—Blv, (4.19)

rne B — wmarHutHas wHAyKOUS, | — jgimHA  TIpOBOAHMKA,
MEPECEKAIOLIEro Moje; V — CKOPOCTh ICPEMCLICHHS IPOBOIHUKA
OTHOCHUTEIBHO MArHUTHBIX JuHui (puc. 4.2), OTpakeH 3aKOH
OMM3KOACHCTBUS, MOCKONBKY 37€Ch MMECTCS MpsiMasi CBSI3b MEKAY
MAarHuTHbIM IIOJICM U TIPOBOAHUKOM — CKOPOCTb TIICPCCCUCHUA
OPOBOAHUKOM MArHuTHOI'O IIOJA, XOTd MCXaHHU3M BO3HUKHOBCHUSA
IJIC 31ech TOXKE HE PACKPHIT.

Puc. 4.2. HaBenenne 3J/IC nipu mepecedeHNN MPOBOTHIKOM ITOCTOSTHHOTO
MATHHTHOT'O IIOJISI — 3JIEKTPOMArHUTHAST MH/TyKIIST
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Hns onpeaencuus IAC B3aMMOMHIYKUNN ABYX MPSIMOYTOIBHBIX
KOHTYPOB HEOOXOAMMO MPUBICYCHUE 3aKOHA MOTHOTO TOKA

i =[Hdl, (4.20)
OTKyJa
H=i/2nR, (4.21)

rae R — paccrosiHue oT TOKOHECYIIEro MpoBOJAa A0 TOUKH H3MEPEHUS
MarHUTHOM HAIPSDKEHHOCTH H.

! 1

\
~ \
A /‘ ~ o \}'}24
h/ }"17 \\\
2 2!
a) 0)

Puc. 4.3.K BbiBoay K03 uenTa B3anMoOMHIYKIINI KOHTYPOB

B coorBerctBun ¢ 3akonom @apanes kodpPHUUMEHT B3aUMHOM
WHAVKIMH MEXAY JOBYMS NPOBOIHBIMH IJMHHSIMHU OMIPEACISCTCS
BeIpakeHueM [45, c. 406]:

ot | ol
M, = In . (4.22)
Z PR
3I[CCI> lo, 12, 122, 1" — pacCcTOSHUA MCXKIAY IPOBOJHHKAMMU
(puc. 4.3,a).

Ecnu koHTYpEI HAXOIATCS B OXHOI IITOCKOCTH, TO
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rvo=d; riy =d+hl;r,=d+h2;ri» =d+hl +h2. (4.23)

3aece d — paccrosHHE MEXIY OMM3ICKALIMMHU MMPOBOJHUKAMU
JOBYX KOHTYpOB; y m h, — paccrosHus MeXIy MPOBOAHUKAMHU B
Ka)KJOM KOHTYpE.

BzaumHbIM BnsiHEEM GOKOBBIX MPOBOAHUKOB B KOHTYPAX MOYKHO
nperedpedp  (MPOBEPEHO IKCIICPUMEHTAIbHO). B 3ToM  cimyuae
MarHUTHOE TIOJIC, BBIXOASALICE M3 MPOBOJOB IMIEPBOrO KOHTYPA,
3aXOAUT B ILIOLIAb BTOPOrO KOHTYPA, OCNa0ISIsICh 10 MEpe yAaICHHS
OT TOKOHECYIIMX MPOBOJOB IEPBOrO KOHTYpa MO 3aKOHY MOJHOTrO
toka (puc. 4.3,0).

B coorserctBuu ¢ 3akoHOM Dapanes 371EKTPOABIKYINAs CUNA BO
BTOpOM KOHTYpe mpu hy = h, = h Oyaer onpeaensTeest BeIpakeHHEM

puldiy d+h dR  d+2h dR
e2m = — [ - —=
a2dt  d R d+h R

ot | iy @ +#vd)? Idi
Z dt 1+2/d dt

rac
Holt (1 +vd)?
M]_ = In = f]_, (425)
2 1+2d 2n
rac
(1 +vd)?
f=In—— (4.26)

1+8d
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Kak BHAHO ©3 TMOIYYCHHOrO BBIPAKCHHUS, C YBEIUYCHHEM
miommau koutypa IJIC Bo BTOpoM KOHTYpE HapacTacT OECpeaeibHO
o orapudmiraeckomy 3akony. [Ipu h >>d numeem:

Mol h
M; = In—, (4.27)
2 2d

U TpU yCTpeMiIeHHH BenmduHbl N K OeckoHeuHOCTH KO3 (HUIEHT
B3aMMOMHIYKIUY, TPUXOMANIMNACS HA CIWHHUIYY JJIMHBL KOHTYpA,
TaKKEe  ycTpemusiercss K OGCKOHEYHOCTH, XOTd H IO
JOrapu(QMHUIECKOMY 3aKOHY.

Ilonxom x »3TOll ke 3amaye HAa OCHOBE  KOHLICIILIUH
OMU3KONCHCTBUSL ~ MPHHLUINHAATBHO  MEHSIET €€  IOCTAHOBKY.
MaruutHoe mone, BBIXOISINEE W3 MPOBOAHUKOB IEPBOrO KOHTYPA,
MepeceKacT CHavyana OMKHUI MPOBOJHUK BTOPOT'O KOHTYPA, a 3aTeM,
ocnalmsisich MO Mepe VAAJICHUS OT MCTOYHHKA, €ro JajbHHN
npoBogHuk. Ilpu stom B mampHeM mnpoBomHuke HaBomutcs IC
MPOTHUBOIOIOKHOTO 3HAKA IO CPABHEHHIO C OJIMKHUM MPOBOTHHKOM,
Y 3Ta 3AC YMEHBINACTCS B COOTBETCTBUH C 3aKOHOM IOJTHOTO TOKA IO
Mepe YAaleHHs JANbHEr0 MPOBOJHHMKA OT MEPBOro koHtypa. Ecnw,
Harpumep, ONMMKHUM MPOBOAHHUK HAXOJUTCS HA PACCTOSIHUH B OCSX OT
OmyKafIero K HeMy IMPOBOJHHKA MEPBOrO KOHTYPA HA PACCTOSHUH 3
MM, a [JaJbHHH NPOBOAHMK — Ha paccrosauu 3 oM, 10 IC,
BO3HHUKAOLIAS HA JaibHEM OpoBogHuKe cocTaBuT Bcero 10% ot I]C,
BO3HHKAOLICH Ha €ro OJIMKHEM MPOBOJHUKE, & CCTH HA PACCTOSIHUU B
30 cM, 1o BCcero 1%. Takum o00pa3oMm, 34eCh HMEET MECTO
HACHIIIACMasl 3aBHCUMOCTb, U HUKAKOTO OCCKOHEYHOTO YBCIUYCHUS
37C HA BTOPOM KOHTYpPE ObITh HE MOJKET.

OOmast 3MEKTPOABMKYINAS CHJIA, BO3HHMKAIOIIAS BO BTOPOM
KOHTYPE MPH TEX E YCIOBHAX M C YUETOM 3aKOHA IOIHOIO TOKa,
OTIPEIETUTCS. BEIPAKCHUEM
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st IRy, dliy 2 1 | diy
Coy = — ( 1- + ) = M2 (428)
ad dt 1+h/d 1+2vd dt

rae ko3 duruent B3anmonHaykuu M, paBeH

HottRap 2 1 pouRip
M2 = ( (= + )
Zd 1#vd 1+ 2hd ad

f (4.29)

rae

2 1
f,= 1- + (4.30)
14/d 1+ 2hd

3mech TPU  YCTPEMJICHWH BenmuuMHbBI N K GECKOHEYHOCTH
KO3 GHUILIUCHT B3aMMOMHIYKIIUH CTPEMUTCS K TIOCTOSIHHOW BETHUMHE

HouRap
Mp= —. (4.31)
&d

Mexnay BeipakeHuUsMH i My u M, mMeeTcs CyIIECTBEHHOC
pasmuume. ecnu ¢ yBenuueHueM ortHoiueHus h/d mepsast (yHKiws
CTpeMHTCS K OCCKOHCUHOCTH, TO BTopas (YHKIHS orpanvwucHa. [lpu
yIAJICHUN OOpPATHBIX MPOBOJHUKOB KOHTYPOB B OCCKOHCYHOCTH B
BBHIDQKCHUM  OCTACTCA  JUIIb  KOO(DOUIMCHT  B3aUMOWHIYKIIAN
OMU3ICKAIIMX TPOBOTHUKOB. [ MPaKTHKM 3TO HMMEET 0C000¢
3HAYCHUE, MOCKOIBKY YacTO PaCIONOKCHUE OOPATHBIX MPOBOIHUKOB
BOOOIIC HEM3BCCTHO (HAMpUMEp, TPH 3a3CMJICHUM WCTOYHHMKA U
MPUEMHIKA CHTHAJIOB).

B Tex cayuasx, xorga h << d, umeem
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Lo Idi h Lo I di
epp=———— In(1+ —)= ——; (4.32)
Z dt d Zddt
ot IN°Rdi
ep=———; (4.33)
Z d3dt

rae d — paccTostHEE MEKIY OCAMH OIMDKAKINETO KO BTOPOMY KOHTYPY
MPOBOJAHMKA TMEPBOTO  KOHTYpa; N — paccrosHue  MEXIy
MPOBOAHUKAMHU BTOPOTO KOHTYpa; | — qrHa KOHTYpOB.

3mech yKe MOSBIIETCS BO3MOXKHOCTD OINPEICTUTh KO3 (UIIMECHT
B3aUMOMHIYKIIUU OTPE3KOB MPOBOAHHUKOB.

Taxkum oOpasoM, kKO3G(GHUIUCHT B3aUMOUHIAYKLUUU MMPOBOJIHUKOB
3aBHUCHUT OT TOTO, KaKOW MPOBOJHUK SIBJSICTCS MEPBUYHBIM, a KAKOU
BTOPUYHBIM, U KO3(DHUIUCHTH B3aMMOHHIYKIMI IIEPBOrO MPOBOJA
CO BTOPHIM U BTOPOTO MPOBOAA C MECPBBIM Pa3IHYHBI, 3aBHUCSAT OT
PaanyCoOB MTPOBOIHUKOB U HAXOISITCS B COOTHOLICHUH

M, Rip1

: (4.34)
M Rip2

4TO aHAJIOruyHO K03 durmenty Tpanchopmaiuu B TpaHchopmaTope.

Taxkum o6Opasom, JJIC, HaBOguMMast BO BTOPOM MPOBOAC CO
CTOPOHBI TEPBOTO MPOBO/A, COCTABUT BETUUNHY

bi Lot Rloi
ey =— |\/|2 =-_ ; (435)
ot addt

OTKyJda HaBCACHHA HAITPSAXKCHHOCTD
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ey oi Lot ROl
E2 =— == M2 =— , (436)
| ot Zddt
Nniin
ey oi Lot R0l
E, =— =— M2 =— ; (437)
I ot Z ddt

U A1 CHHYCOMAAJIBHOrO NepeMeHHOro Toka HaseaeHHas JJC Oyxer
paBHa

Uopt Rol 1ol
g =——8. (4.38)
2nd
JKCIEPUMEHTAIIBHBIC HCCIICAOBAHMUS B3aUMOWHIYKLIUU

MPOBOAHUKOB TPOBOJUIOCH C IOMOINBIO JABYX OJHOMPOBOJHBIX
MPSIMOYTONIBHBIX KOHTYPOB, Y KOTOPBIX AJIHHA MPUJICTAIOUINX CTOPOH
coctaBmsiia 1 m. Mcnone3osancs mposoa tuna BIIBJI-0,35, BHetnHumid
JUAMETP M30JIALHUKA KOTOporo cocraBisti 1,5 mm. B mepBeiii mpoBox
MPOMYCKANCS TEPEMECHHBIA TOK PAa3JUYHBIX YacTOT, BO BTOPOM
m3Mepsinace HaBeaeHHas JJC. V3aMeHsMCh OAMHAKOBO PACCTOSHUS
h; u h, mexxay npoBoxHrkamMu kOHTYpOB. M3MepeHust MpOBOIUINCH
MPH 3HAYCHUH TOKa B IIEPBOM KOHTYpe, paBHOM 1 A, B amamaszoHe
vactor otr 50T’y no 10k 1.

OG6e 3aBHCHMOCTH B OTHOCHTENBHOU (hOpME OTpPasKECHBI HA PHC.
4.4. Tam e mpuseaennl 3aBucumoctu f; m f,,  paccumranHbe
COOTBETCTBCHHO Ha OCHOBE MAKCBEIJIOBCKUX U 3(PHPOIMHAMUYCCKHUX
MPCACTABICHUI O MEXaHW3ME HAaBEACHHUS OHAC B  KOHTYpax.
Kpectukamu 0003HAUEHBI 3HAYCHUsS, MOIYUCHHBIE B PE3yIbTATE
MPOBEJCHHBIX U3MEPEHUIA.
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Kak BuaHO u3 rpaduKoB, MOIYYCHHBIC PE3YIbTAThl MMOTHOCTHIO
yaosierBopsitor  ¢yukupmm  f,,  modayueHHO < Ha  OCHOBE
supoguHamuueckux mpeAactaBneHuii o HaseacHuum JJC B
MPOBOJHHUKAX, W OTJIMYAIOTCS OT MAKCBE/UTOBCKOW 3aBUCHMOCTH fi
yxke mpu 3HadeHusx h/d = 10 Gomee wem B 4 pa3a B MCHBLIYIO
cropony. OT 3HAa4YCHUII YACTOTHI W BEIMYHHBI TOKA B ICPBUYHOM
KOHTYpE PE3yIBTATHI, MPEICTABICHHbIC OTHOCHTEIBHBIMU
3HAUCHMSIMH HE 3aBHCAT. TakuM 00pa3soMm, MPOBECACHHBIC
HCCIICAOBAHMS 3aBHCUMOCTCH HAaBEACHHS 3AC B OOJBLIMX KOHTYpax
(mromaneo Gomee 1 M°) MOKAa3amM WX CYyMECTBEHHO IIyHINGE
COBIAJCHUEC C  MPHUBCACHHBIMH  BBIPAKCHUSAMH, HOKCIH  C
MAaKCBEJIJIOBCKHMH.

[MonyuenHsle  pe3yabTaThl  MOATBEPAMIN  HE3aBUCUMOCTH
HABOAMMOM 5AC OT IUIOMIAAXM KOHTYpa MPH JOCTATOYHO OOIBIIOM
yaaIeHuu 0OpaTHHIX MpoBOIHUKOB. ClIe10BaTeIbHO, B JaJbHCHIIIEM
Le7eCO00pa3HO HCIONB30BATh MPEACTABICHHC O B3aWMOHHIYKLIHU
MPOBOJHUKOB.

A

ok 7
4 F
3 -
2 =

A

] 2

0 2 4 6 s 10 hid

Puc. 4.4. Pe3yabTaThl N3MepeHHs] HaBeJICHHOIl 3/IC B INIOCKOM KOHTYpe:
sapucuMocTh f1 (h/d) ~ My u 3aBucumocts f, (Wd) ~ M,.

Ioxaxxem CBsI3b MCXKOY 3aBUCHUMOCTSIMHN CHJIOBOro
B3aUMOJCHCTBHUSl MPOBOAHUKOB M B3aMMOMHIYKLHMEN IPOBOJHUKOB.
IIpeobpasyem BeipaskeHUE 3aKkOHA AMIiepa
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]_Izl
F=—yy—— (4.39)
Ad

B HECKOIIBKO HHYIO (hopMmy:
F i

k(F) = S — (4.40)
|2| 47'Cd

Mpul,=1Aud=1m k(F) = 10" H/m-A = 107 (Gespasm.).
BI:IHI/IH.IGM BBIPAXKCHUC U1 HaBeL[eHHOﬁ HaMps>KCHHOCTU A1
NEPECMCHHOI0O CMHYCONAAJIbHOI'O TOKA

€2 al Mot ijllw
E, =— =— My, =— =k (F) 2R.w; (441)
| ot zd

31ech Ryp1 — paanyc TOKOHECYHIEro MPOBOAA; ( — KPYroBas 4acToTa
TOKa, Tekymiero B Hem. OTCroga cpa3y BHIHA CBSI3b MEKIY 3aKOHOM
Awmriepa i CHJIOBOTO B3aMMOJACHCTBHUS ABYX IMPOBOJOB C TOKOM U
B3aNMOMHAYKIHUCH MCKIY HAMH.

Hecmotpst Ha TO, YTO mOIy4YeHHBIC 3aBUCHMOCTU KO3 (duineHTa
B3aUMOMHAYKIUH TPOBOAHUKOB JIYYIIC OTPAXKAKOT PCATBHBIC
COOTHOILICHUS, (U3HNUCCKAs CYIIHOCTh MPOLECCa B HUX TaKKE HE
OTpakCHa.

W3 BelpakeHHS IS 3JICKTPUUCCKON HAMPSDKCHHOCTH IS
TICPEMCHHOT'0 TOKA CICAYCT, YTO

ey oi Uott ROl topt Riplod VO 0 Ry,
E, =— =— M, =— = — =
| ot Zddt 2nd 2np,cd
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2
Vol " My Ry, o Ry
= = 2(X]_Ver82 Ny, —-
¢ ¢ d

(4.42)

ConocTaBuM MOTYYCHHOS BRIPAKECHUE C BHIPAKCHHUEM [[JIsI BOJIHBI,
pacupoCTpPaHAIOLICHCS BOKPYI IIPOBOJHHMKA, B KOTOPOM TEYET
TIEPEMEHHBIN TOK:

OV,

E, =——12.. (4.43)

or

3mech OV, /Or — rpaJueHT CKOPOCTH KOJIBIICBHIX MTOTOKOB 3(hHpa BO
BTOPUYHOM MPOBOJHUKE, BBI3BAHHBIX IMOBOPOTOM 3JCKTPOHOB B
[EPBUYHOM MPOBOAHMKE; [, — PaAUyC 3JICKTPOHOB BO BTOPUYHOM
ITPOBOTHUKE.

MarnutHoe 1T071€, BO30YKICHHOE B OKPY’KAIOIIEM TOKOHECY LM
MMPOBOIHUK IMPOCTPAHCTBE, PACHPOCTPAHICTCS KAK BOJIHA:

H = H(r)sino(t —r/c), (4.44)

U, CIICAOBATCIbHO, KOJBICBAsI CKOPOCTh IMOTOKOB 3dupa Oyaer
PacipoCTPaHIATLCS TAK KE:

Vi = Vi (F)Sineo(t —r/c), (4.45)
OTKyJa
oVy V(N
E, = -2, =— 2. 48)
or c

CormocraBisisi JaHHOE BBIPAKCHHUE C BhIpakeHHeM (4.42), MoskeM
BUJCTB, YTO
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R
V() = VI, Npay. , (4.47)
d

u, TakuMm obpaszom, mnporecc HaBeacHus OJIC BO BTOPUYHOM
MPOBOJAHUKE TICPBUUHBIM TOKOHECYIIUM MPOBOTHHUKOM MPHOOpETACT
MPOCTOM (PU3MUCCKUIT CMBICIT: SIICKTPOABIKYINAS CHIA BO BTOPUIHOM
MMPOBOIHUKE CO3AACTCS B PE3YIbTATC MPOXOKICHUS TPAAUCHTA BOTHBI
MOTMIEPEYHON cKopocTh 3¢upa, BO30Y)KIAEMOH B IPOCTPAHCTBE
9JICKTPOHAMM TICPBUYHOTO TMPOBOJHMKA, TIABHBIC OCH KOTOPBIX
YACTUIHO COPUCHTUPOBAHBI BJOJb €TO OCH.

OmnpenenuM TOPSAOK BEITHUMH 3JCKTPOMATHUTHOW HABOAKH B
ka0ele mpu CICAYIOIUX MapaMerpax:

CEUCHHUE MPOBOJA 0,35mm> (R, = 0,334MM), TOK B TOKOHECYIIEM
mposoze | = 1 A; nmuna niposoaos | = 1wm;

paccTossHHE B OCAX MExKAy mpoBogamu R = 2 mwm; uacrora
nepemennoro Toka f = 10 k['m.. 3/IC B oOpaTHOM MPOBOAEC MOXHO
nmpeHeOpeubh B CHITY €ro yAAJCHHOCTU. B 3TOM ciyuac HaBeacHHAas
IJ1C BO BTOPOM MPOBOJC COCTABHUT:

1o lloRy 4107 -1-1:2n10°-0,334
e = — =- =2,MB. (4.48)
ad 22

Takum oOpa3oM, 3aBHCHMOCTb, MOJYYCHHAs Ha OCHOBAHUH
KOHLICITIMK ONU3KOACHCTBYUS, HE TONBKO ITYYIIE OTPAXKAET CYIIHOCTb
SIBIICHUSI, HO H JACT CYLICCTBEHHO O0JIce TOUHBIA PE3YIbTaT.

K m3noxeHHOMYy criexyeTr 106aBUTh HEKOTOPBIE COOOPAXKEHH.

B pabGore [46, c. 166] Obtm H3MEpPEHBI HABOAKA Ha
napaiiensHbIX nmposoxax tuma BIIBJI mpu MexxoceBBIX pacCTOSHHAAX
nopsinka 2 mM. bpuia momydueHa nuHelHas 3aBHCHMOCTD OT YacTOTHI,
MpHYEM IPU TOKE B TOKOHecyineM mposoxae 1A mpu ugactore 10 k't
Ob1710 IOTy4eHO Ha BTopom mposoae 20 MB/m. Oanako 3xechk crexyer
V4eCTh, YTO  CYLIECTBCHHYKD  pPOIb  THPH  5TOM  HMEET
SJICKTPOANHAMMYECKAS COCTABILIOINAS, NPEBBHIIAIONIAS 3HAYCHHE



94 T'inasa 4.

3JCKTPOMATHUTHOH COCTAaBJISIOUICH. JTO CBSI3aHO C TEM, UTO MEKAY
MPOBOAAMH CYIIECCTBYCT €MKOCTHASI CBSI3b, 4 CAMH MPOBOJA 00IaAal0T
HHAYKTUBHOCTRIO mopsaka 1,6 — 2 mxl'a/m. UzbaButbes oT
SJCKTPOANHAMIYECKON COCTABISIOMICH MOXKHO JHIOb YACTHYHO
MyTEM SKPAHUPOBAHMSI TPOBOAOB, MIOCKONBKY SKPaHBI TOKE 00IaAal0T
pacnpeeneHHbBIM HHAYKTHBHBIM COMPOTUBIICHUCM.

@daktr 3aBHCHMOCTH  KO3(QQUIHEHTA B3AaUMOHHIYKLIUH  OT
COOTHOLICHUSI JUAMETPOB MPOBOXOB OBIT  TakkKe MPOBEPCH
skcnepuMmeHTanpHO. Kak  Oblio mokazaHo Bbwime, koddduuueHT
B3aMMOHMHIYKIUH MPOBOIHUKOB 3aBHUCHT OT COOTHOLICHHS UX
JUAMETPOB. JIC, HAaBOOMMAs BO BTOPOM IPOBOAE CO CTOPOHBI
MEPBOrO MPOBOAA, COCTABHUT BEIHMYUHY

bi o Riloi
e; =— M, =— ; (449)
ot Zddt

Js mepeMeHHOro ToKa Yactoroii f ata BeamunHa cocraBuT

Hopt Rl 1
g = — (4.50)
d

n cCciu BTOpI/I‘{HHﬁ opoBOA JICXKUT HCIOCPCACTBCHHO Ha
MOBCPXHOCTU NCPBUYHOIO MPOBOAHUKA, TaAK YTO PACCTOSIHUC MCKIAY
OCsIMU  TIPOBOAHUKOB HCCYIICCTBCHHO OTIMYACTCA OT paauyca
TOKOHCCYHICTO IMpoBOAA, TO

er =popl 1. (4.51)

Hus toka 1 A u gacrorel 1 ' npu anuHe mpoBoguuka 1 m
Beanuuna JJIC cocraBut

e, =4m 107 B =1,25mkB.
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Kak moka3ano Beime, KO3(QOUIMEHT  B3aWMOMHIYKLHU
MPOBOAHUKOB 3aBHCUT OT TOrO, KAakOH MPOBOJHHUK SIBISCTCS
MEPBUYHBIM, a4  KaKOM  BTOPUYHBIM, W  KO3(P(HULHCHTHI
B3aMMOMHIYKLHI MEPBOr0 MPOBOAA CO BTOPBIM U BTOPOT'O MPOBOJA C
MIEPBBIM Pa3IHYHBI, 3aBHCAT OT PAINYCOB MPOBOTIHUKOB M HAXOASTCS
B COOTHOLICHUH

M Rip1
=f (
M Rip2

). (4.52)

Hamepenne naBoaumoit mMarauTHbeiM monem JJIC  3aTpymHeHO
TEM, YTO OJHOBPEMEHHO H€pe3 PACIPEACICHHYIO EMKOCTh HABOIMUTCS
SAC >reKTpOIUHAMHYECKOTO MPOUCXOMNKACHHUS, KOTOpas WMEET
MPUMEPHO HA  TOPSOOK  3HadeHwe Oompmee, uwem IJC
SJCKTPOMATHUTHOTO TMPOMCXOXKICHHS, MpHYEM W Ta, U JApyras
BEJIMYMHBI OJWHAKOBO 3aBHCAT OT OJHUX U TEX K€ MapaMeTpoB —
TOKa, YacTOTHI, pacrojomkeHus. M naxke sxpaHUpoBKa HEJOCTATOYHO
CHIDKACT  JJICKTPOIMHAMHYCCKYIO  COCTaBIIOIIYIO  Onarozaps
HATMYHMIO PACHPEACICHHON HMHIYKTUBHOCTH y 9KpaHa. ITO
MAaCKHPYET BECh MPOLIECC, OTHAKO KAYECTBCHHYIO CTOPOHY BCE K€
MOXHO BBISIBUTh, HCIONB3ys MPOBOJA CYIICCTBEHHO PAa3HOrO
JUAMETPa, UCIOb3Ysl PH OXHOM U TOM JKE 3HAUCHUU TOKA U YaCTOTHI
TO OJUH, TO APYroi mpoBoJ u u3Mepsis HaBeacHHY0 JJIC Ha BTOpOM.

s mpoBepku 3aBUCHMOCTH K03 (PHIIMeHTa B3aHMONHIYKLUN OT
JUAMETPOB B3aMMOJACUCTBYIOIIMX MPOBOAHUKOB OBLT IOCTaBICH
3KCIICPUMEHT 10 onpeacneHuio senuunabl JJIC, HaBOgUMOH ¢
OJHOTO NMPOBOAHMKA Ha apyrod. Ilpu 3TOM AMaMeTphl MPOBOIHUKOB
Ob1u cymectseHHO pasubivu (0,5MM u 5 Mm), mpudeM OAMH U3 HUX
OBLIT MOKPHIT XJOPBHHHIOBOH M MaTepyaToil M3omsiuueil (BHCIIHHI
JUaMETp TPOBOJHMKA C W30jsAmmeii cocraBuia 6,5 mm), BTOpOH —
JakoBod m3osupeii. MexoceBoe pPacCTOSHHE COCTABILUIO 3,5 MM.
[IpoBogHMKH TIOTHO MpHieramy Apyr k apyry. Harpyska Ha BTopom
(n3mepurenproM) mpoBoanuke m3mensitack ot 10 o 1/3 Om. Cronb
Majio¢ COMPOTHUB/ICHUE HATPY3KH OBLIO HEOOXOAMMO ISl yIAJICHUS
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E€MKOCTHOM COCTABJIAIOMICH HABOJAKH, YTO CACIATH ITOJIHOCTHIO HE
YAAI0Ch. 3aTeM MPOBOIHUKH IO CXEME MCHSUTUCH MCCTAMH.

Ipomyckancs Tok BemuuuHOUW 3 A, UCHONB30BATUCH YACTOTHI OT
500 go 4000 I'm, BCe u3MEPCHHS MPOU3BOAWINCH C IMOMOILIBIO
MAarHUTO3JICKTPUICCKUX MHPUOOPOB C TepMomapamu. Pe3yibraTs
n3MepeHus cBeneHsl B Ta0n. 8.2u 8.3.

I C Ha BTOPHIHOM MPOBO/IE IPH TOKE B EPBITHOM NpoBojae 3 A,
JUTHHE MPOBOXHNKOB 1,7m

Tabnuya 8.2
Jlmamerp Jlmamerp YacroTa, I'11
TIEPBUIHOTO BTOPHYHOIO 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
K2rp/Kirp 15 1,68 1,45 1,08 1,025

Mepecyer IJC Ha BTOPHYHOM NPOBOJE NPH TOKE B NEPBHIHOM

nporojae 1 A, nimae npoBoHUKOB 1 M.

Tabauya 8.3
Jlmamerp Jlmamerp YacroTa, I'11
TIEPBUIHOTO BTOPHYHOI'O 500 1000 2000 3000 4000
IPOBOJA, MM | TIPOBOJA, MM
0,5 6,5 2B 3,8 8,8 16,6 24,4
6,5 0,5 3 6,4 12,8 19,8 25
Korp/Kqtp 1,5 1,68 1,45 1,08 1,025

Kak BugHo w3 Tabmuu, KO3GQUIUCHT B3aUMOUHAYKIUU

MPOBOAHUKOB PEANBHO 3aBHCHUT OT TOrO, KaKOH M3 HUX SBISCTCS
MEPBUYHBIM, a Kakoil BropmdanbIM. s 10000y pacuetHas BenuumnHa
IJC, HaBoIUMO¥ C MEPBUYHOTO MPOBOJHUKA MEHBIIECTO AUAMETPA HA
BTOPUYHBIN OONBIIET0 JHAMETPA IPU HPOCTOI MPONOPLHOHATBHOCTH,
JomkHa coctaBute Bcero 0,09 MB, a mpum ux mnepectaHoBke
mpoBoaHuKoB — 1,16MB. U XOTST COOTHOIICHUS MMOMYYCHBI UHBIMH,
YTO MOXET OBITh OOBSCHEHO, HANMPHUMEpP TEM, YTO MNPH  TaKou
OMU30CTH  TPOBOAHUMKOB  Y)K€  HENb3d CYHTATh BECh  TOK
COCPEAOTOYCHHBIM B UX OCCBOH JIMHUM, a TaKKEC HAIMINEM
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EMKOCTHOH (SIICKTPOAMHAMUYCCKO) CBSI3H MEXKIY MPOBOIHUKAMH,
3aBUCUMOCTh KO3((HUIMCHTAa B3aUMOMHAYKUHUH OT COOTHOLICHHUS
JMaMETPOB MPOBOJOB HA KAYCCTBEHHOM YPOBHE MOXKHO CUHTATh
MOATBEPKACHHOIA.

Takum  00pa3oM,  SKCHCPUMCHTAIBHO  IMOATBEPXKIACTCS
BO3MOYKHOCTh U LICIIECOOOPA3HOCTh BBCACHHS B 3JICKTPOTCXHHKY
NPEICTABICHHA O B3aMMOMHAYKIMHA MPOBOAHUKOB, HA OCHOBE
KOTOPBIX YK€ MOXHO OMNPEACISITh U B3aUMOMHIYKLHUIO KOHTYPOB,
MPOBEsI COOTBETCTBYIOLICE MHTCIPHPOBAHHE.

4.3. dneKkTpu4yeckumn TpaHcopmartop

Kakx wm3BecTHO, oajekTpuueckuii TpaHchopMaTop — 3TO
CTaTUYECKOE YCTPOHCTBO, NpPEIHA3HAYCHHOEC I8 MpeoOpa3oBaHUs
BeanuuHbl niepemeHabix JJIC u TokoB. Tpancdopmarop cocrour us
HECKOJIBKHX 3JCKTPHYCCKH HE COCAWHECHHBIX M HEMOABIKHBIX IPYT
OTHOCUTEIBHO Apyra OOMOTOK, CBSI3aHHBIX MEXKAY COOOH mMyTeMm
SJeKTpOMarHUTHOW wHAyKOuH. OpHa w3 OOMOTOK — SIBISIETCS
MEPBUYHOHW, OHA TNPHUCOCAMHSCTCS K BHemHemy wuctouHuky /C,
ocTajbHBIC 0OMOTKH sIBIIsitOTCSL BTOpuuHbiME, JJIC B HUX BO3HHKACT
B PE3YJIbTATE MEPECCUCHUS MX CHIOBBIMHU JIMHHSIMUA MArHUTHOTO TOJ,
CO31aBAEMOr0 TOKOM TEpBUYHOH 0OMOTKU. C BTOPHYHBIX OOMOTOK
nmpeoOpa3oBaHHOE MO  BEIHYMHE  HANPSHKCHUE — MEpeaacTcCs
MOTPEOUTENISIM SHEPTHH.

TpanchopMaTop ¢  JKENE3HBIM  CEPACYHHKOM  BCICACTBHE
3HAYUTEIBHOTO YBENUYCHUS KO3 (ULMEHTA CBA3U MEXKIY 0OMOTKAMHU
MO3BOJSICT MHPU  CYLHIECTBEHHO  MCHbIIMX  rabapurax, 4eMm
TpaHchopmarop 0€3 cepacyHHKa, MPEOOPa30OBBIBATH 3HAYUTEIBHO
OOJIBIIIE MOIIHOCTH.

Pacuer tpanchopmaropa ocHoBbIBacTcs Ha 3akoHe Dapanest

e= — uu,SOBlot, (4.53)



98 T'iasa 4.

rJe e — 5AC, BO3HUKAOMmAs Ha OOMOTKE, HAMOTAHHOM Ha KETIE3HOM
CCpACYHHKE, IUIOMAAb MOMNEPEYHOrO CEUYCHUS KOTOPOro paBHA S U
MaTepua; KOTOPOro MMEET OTHOCHTEIBHYIO MPOHULIAEMOCTD i; OB/ot
— CKOPOCTh U3MCHEHHSI MATHUTHON UHAYKIUHU B cepacuHuke. OObIaHO
pacder O0OMOTOK TpaHCOPMATOPOB MPOHM3BOAWUTCS MO APYrou
dopmyrne, BerTekaromel n3 3akona Papanes:

e =— 2muu W1 S/, (4.54)

rie e — JJIC ma o0OMOTKE, i — OTHOCHTCIbHAS MAarHUTHAS
MPOHHUIIACMOCTh  JKEIC3HOTO  CCPACYHUKA, M, — MarHUTHas
MPOHHUIIAEMOCTh BaKkyyMa, W — KOJHYECTBO BHUTKOB oOMoTkH, f —
4acTOTa MUTAIOLICTO HANpPSDKCHWS WM Toka, | — ammmryaa
MEPEMEHHOT0 TOKA, S — IUIOLIagb CCUCHUS CepACYHUKA, | — cpeaHsis
JUTHHA CHJIOBO# JTMHUM MArHUTHOTO ITOTOKA B CEPACYHUKE.
Koadpdummenr tpauchopmarmm K mpu HCHACBHIIICHHOM
CCPACUYCHUKE MPH 3TOM ONMPEIACISICTCS KAK OTHOLICHHE YHCIa BUTKOB
BTOPWYHONH OOMOTKH W K YHCITY BUTKOB MEPBUYHON 0OMOTKH Wo (B
HECKOTOPBIX CIPABOYHUKAX OH OIMPEICICH KaKk 00paTHAs BEIHMYMHA):

k= W]_/Wz = U]_/Uz. (455)

3nece U; u U, — HanpsokeHHS HA TCPBUYHOW W BTOPUYHOMN
00MOTKaX COOTBETCTBEHHO IMPH OTCYTCTBHU HATPY3KH HA BTOPHUYHOU
ob6MoTKe TpaHchopMaTopa (PeKUM XOTOCTOrO XO/a).

Ilpu awamuze npuHnmna pabotel TpaHchopMaTOpa BOIHHUKACT
cepusl BOIPOCOB!

1. Kakum oOpa3om sHeprus mepeaacTcsi MATHUTHBIM IOJIEM K3
MICPBUYHOM OOMOTKH BO BTOPHUYHYO?

2. Kakyro ponp urpaer Keme3Hbld CEpACYHHMK ISl YBCTHUCHUS
k03 puLmeHTa CBSI3M MEX Y NMEPBUYHOI M BTOPHYHOI 0OMOTKaMu?

3. Ilouemy mnpu CHW)XCHHH COIPOTHBICHUS HArpy3KH BO
BTOPUYHOH OOMOTKE W YBETHUYCHHH BCICACTBHEC 3TOTO B HEH TOKa
pacTer COOTBETCTBEHHO TOK B TCPBUYHOM OOMOTKE, T.€. KaKOB
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MEXaHHU3M BIIMSHUS TOKA BO BTOPHYHOH OOMOTKE Ha BEIUYHMHY TOKA B
[IEPBUYHON 0OMOTKE?

OTBer Ha MEPBBI BOIMPOC MPHUHLHUIUAIBHO PACCMOTPEH BBILIC
Opd  aHanmM3e SJCKTPOMATHUTHOW  B3aHMMOCBSI3H  IPOBOJAHUKOB.
DJIEKTPOHBI B MEPBUYHOM MPOBOJHHMKE MOA BO3ACHCTBHUEM BHCLIHEH
SJIC OpuUEHTHPYIOT CBOM OCH KOIBIICBOrO BpalleHUs (CIHMH) BIOJb
NPOBOJHMKA, B PE3yJIbTATE YEr0 BOKPYT MPOBOJHHKA BO3HUKAIOT
KOJBLICBBIC MOTOKM 3(upa MarHUTHOE TMoOnae. OJTH  IOTOKH
pacmpoCTpaHsIOTCS BO BHEUIHEE mpocTpaHcTBo. Eciam motok adwupa,
HAINpPAaBJICHHBIH MEPIICHINKYISIPHO OCH MPOBOAHUKA, CTATUYCH, TO BCE
JaBIICHUS HA TIOBEPXHOCTH DJICKTPOHA ypaBHOBerueHs! (puc. 8.14,a) u
HHUKAKO# MPHUHYANTEIbHONW OPUCHTALMM OH HE MOABEpskeH. Ecnm ke
MOTOK 3(Hpa HE CTALMOHAPEH, TO B MPOBOAHUKE BO3HHKACT IPAJAUCHT
CKOPOCTCH TMOTOKOB 3(Hpa, 3TO MPUBOJUT K HEYPABHOBCIICHHBIM
JaBICHUSIM Ha TOBEPXHOCTH DJICKTPOHA M CO3JACTCS MOMEHT CHI,
OPHMCHTUPYIOLIHNI 3ICKTPOH TAKMM 00pa3oM, YTOOBI €ro riIaBHAsl OCh
(crtmH) opueHTHpOBANACh MO OCH BTOPUYHOTO MPOBOAHUKA (puc. 4.5,
0). Takum obpasom, uaer mporece mepeaaun IJIC U3 mepBUIHOTO
MPOBOJHHUKA BO BTOPUYHBIMH.

A LN
+ + 4+ + +
- o o L
—D

T hd T
+ F F T + +FF+++ +FF++

s

9 0)

Puc. 4.5. Bo3neiicrBue noroka 3¢upa Ha 3JIeKTPOH B IIPOBOTHUKE:
a — BJIEKTPOH B CTAIMOHAPHOM IT0TOKE 3(QUpa; 6 — 3IEKTPOH B I'Da/IEHTHOM
oToKe pupa.

Ecmu BTOpUUHBI HPOBOTHHK Pa30MKHYT, TO BosHukmmas JJC
KOHLUEHTPUPYET 3JICKTPOHBI HA OJAHOM M3 KOHIIOB IPOBOJHUKA.
ToponganbHbIE TOTOKHA 3JEKTPOHOB, YK€ HAXOMSIIUXCS HA KOHIE
HNpPOBOJAHUKA, CO3JAIOT HA OCTAIbHBIX JNIEKTPOHAX MHMPOBOJHUKA
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MOMEHT CHJI, YPaBHOBEIIMBAIOIIMI MOMEHT CHJI, CO3JaBacMbIi
HAaBOOUMOM 31C, CMCIICHHE 3IICKTPOHOB BJOJb MPOBOJHHKA U HUX
MPHUHYIUTEIBHBIA IOBOPOT MPEKPAINAIOTCS.

Ecmu »xe BTOpUYHBIA NPOBOJHHWK MOAKIIOYEH K Harpyske, TO
3JIEKTPOHBI CMEIIAIOTCS, MPOTUBOACHCTBYIOMMI OPUEHTALIMA MOMEHT
ocna0beBaeT, BCE SJCKTPOHBI MPOBOJAHUKA OPHUCHTHPYIOTCS 33 CHET
Pa3HOCTH MOMEHTOB BO3ACHCTBYIOIIMX CHJI. Bo BTOpHUYHOM
MPOBOAHUKE TOSIBISIETCS TOK.

Nznaraemas kauecTBEHHAsI KQPTUHA B3aUMOACHCTBHSI MATHUTHOTO
MOl U 3JCKTPOHOB JOCTATOYHO YCIOBHA M B JANbHEUINEM TOJKHA
OBbITh YTOYHCHA.

Ecmu TpaHchopMaTop HE HMEET JKEIE3HOrO CEPIACYHHUKA, TO
MArHUTHOE MOIIC B IPOCTPAHCTBE PACIPEICICHO HE HAMPSDKEHHO,
STOT MPOLECC OMKCAH BBIIE MPUMCHHUTEIBPHO K B3aHMMOJICHCTBHUIO
MPOBOAHUKOB M KOHTYypoB. OmHako ecnmu B TpaHcdopmarope ecTb
JKENE3HBIH CEpACYHMK, TO KApTHHA CYLICCTBEHHO MeHseTcs. Ecmum
BTOpUYHAs OOMOTKAa TpaHchopMaTopa Pa3OMKHYTa M TOK B HEH
OTCYTCTBYET, TO TpaHc(OpPMAaTOp SBISCTCS OOBIYHBIM JPOCCENEM,
WHAYKTHBHOCTBIO C JKEJIC3HBIM CEPACYHUKOM, PACCMOTPECHHBIM BBILIE.
MarsuTHOE TONE OKa3bIBACTCS 3aNEPThIM B MPOCTPAHCTBE BHYTPU
JKENE3HOTO CEPACYHMKA M TO3TOMY IO MEpPE HApacTaHHsS TOKa B
MEPBUYHOM  MPOBOJZHUKE  HAmpsracrcss MHOZOOHO — CHKHUMAaEMOIt
MpY)XKHUHE. JTO CXKATHE MATHUTHOTO MOJMS MPEMIATCTBYET Pa3BOPOTY
3JICKTPOHOB B MEPBUYHOM MPOBOTHUKE, TAM TOK CTAHOBUTCS MCHBILC
TOro, KOTOpBI OBbT OBl B HEM MNPU OTCYTCTBHH JKEJIC3HOTO
CCpACYHHKA. Torma oOpa3syercs creayromast LIETIOYKa
B3aumozeticteuii: IJC ceru co3gaet B MNCPBUYHONW OOMOTKE
3JIEKTPUYECKYIO HAIpPsDKEHHOCTh, MOJ  BO3JCHCTBHEM  KOTOPOMH
SJICKTPOHBI TEPBHYHON CETH OpPUEHTHPYIOTCS B IPOCTPAHCTBE,
co3maBasi BOKPYI HHX KOIBLEBbIE MOTOKA 3¢upa. ITH HOTOKH
MPOHMKAIOT B JKENE3HBIA CEPACYHUK U Pa3BOPAUMBAIOT JOMCHBI, YCM
HAMPSTaroTCs CBSI3H JOMCHOB C OCTAJIBHBIM BCIIECTBOM CEPIACUHHUKA.
Uem Oomplue cedeHHE Kele3a, TEM OONbIIC JOMEHOB HYKHO
MOBEPHYTh. JTO YCHIME 4YEpe3 TOJE MEepPemacTcs SICKTPOHAM
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MCPBUYHOW OOMOTKH, B PE3yIbTaTe Yrojl MOBOPOTA 3JCKTPOHOB
OKa3bIBACTCSL MCHBIIIC, YEM €CJTH ObI JKEJIC3HOT0 CEPACUYHUKA HE OBLITO.

Hanuawe JKEIIE3HOIO CepACYHMKA MPEISATCTBYCT
PacIpOCTPAaHCHHUIO MAarHUTHOTO MOJISL 3a €ro mpeaenbl. B pesysbrare
SHEPrUsl JABJACHHUS MArHUTHOTO MOJS OOJICEC MOMHO HCIOIB3YETCS
BTOPUYHOH OOMOTKOH W TaM CO34acTCS BO3MOXKHOCTB IS
MOJACPKaHUST OXHOTrO U TOro k¢ 3HaucHus IC mpu MeHbIIEM
COIPOTUBJICHUH HATPY3KH.

% LiﬁM
~grad H

a 6) 6)

Puc. 4.6. U3smeneHne rpajaneHTa HANPSZKEHHOCTH MArHHTHOTO IIOJISI B
TpancopMaTope ¢ U3MEHEHIEM HArpy3KN Ha BTODHYHOI 00MOTKe. a — cXeMa
pa3MeleHus: 0OMOTOK B SKCIIEPUMEHTE; 6 — dIIeKTpUYecKas cXeMa SKCIIEPUMEHTa; 6
— U3MEHEHHe D5JIC Ha H3MEpUTEIbHONH OOMOTKE IIpH W3MEHEHHMHM HAarpy3Ku Ha
BTOPUYHOIN 0OMOTKE; & — SKBUBAICHTHAsI MEXaHMUYECKasl cXeMa Iiepejlaul SHepruu B
ra3oIpoBoie; | — MooXXeH:e YIPYyroi CTeHKH IIPH MaJIoM JiaBiieHud; || — ronosxeHue
VIIPYTO#f CTEHKU IIpU GOJIBINIOM JABIEHUHY; O — SIOpa JIABIEHUI B I'a30IIPOBOJIE; e —
SIIOpa CKOPOCTEH B Ia30IIpOBOJIE
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3mecp HamOonee ONM3KOH MEXaHHUYCCKOW AHANOTHUCH SIBISCTCS
TpyOa, 3amomHEHHAs ra3oM, Ha KOTOpPBIA AaBHT MopiucHb. B Tpybe
uMeercs TypOuHKa, cmocoOHas cosepuiate pabory. Iloxka ona
HEMOJABIDKHA, JAaBICHHWE Ta3a BBICOKOC, OHO BBIPOBHCHO, IMOPIICHb
HEMOABIKCH M HE coBepmaer padotsl. OmHako eciu TypOWHKA
HAYMHACT BPaIlAThCs, COBEpIIAas paboOTy, TO ra3 MPOIMyCKaeTcs 4epes
JONaTKH TYPOWHKU Ha BBIXOA TPYObl, HAYMHACT BBHITCKATh, B COCYIC
YCTAHABIMBACTCS TPAJMCHT AABICHHH OT MOPIUHS K OTBEPCTHUIO, a
TAKXKE YCTAHABIMBACTCS OMPEACICHHAs CKOPOCTh HCTCUCHUS Trasa.
[Mopurens ke, mepemenasce, coepiaet padory (puc. 4.6).

Ecmu crenku TpyObl He 00IaAar0T JOCTATOYHOW YHPYTOCTBIO, TO
MpH TOBBILICHUM JaBICHUS Tra3 paclupsicT CTCHKH TPYOHI,
oOpasyercss mapauienpHBIE  TypOWHKE  BBIXOJ rasa  BOBHE,
s dexkTuBHOCTE TYpOMHBI MagacT. B 3Tol aHajgoruu pojb CTCHOK
TpyOBl  BBIMIOJHSICT JKEJC3HBIM cepaeuHuK. Ilpu  HachlIeHUH
CCPACYHHKA OH MEPECTACT SKPAHHUPOBATH MATHUTHOC MOJIC, YIPYTOCTh
MOl CHWXKACTCS, W YMCHBIIACTCS JOJSI SHEPTHHU, MOCTYMAIOLIAs BO
BTOPUYHYIO OOMOTKY. BCE 3TO XOpOIIO COOTBETCTBYET HM3BECTHOM
SKBUBAJICHTHON cXeMe TpaHchopmaropa.

Hanvune pa3oMkHYTOIH BTOPUYHONW OOMOTKM HHKAaK HE M3MCHSET
curyauuto. OgHako eciu  BTOPUYHAsS OOMOTKA MOAKIIOYCHA K
Harpyske, TO 4acThb 3HEPTHUH MMOTOKOB 3(Hpa, CO3TAHHBIX NEPBUYHON
O0OMOTKOM, TepeaaeTcs MCKTPOHAM BTOPUYHOW OOMOTKH, CKOPOCTb
MOTOKOB 3(Hpa CHIDKACTCS, & TPAJUCHT CKOPOCTH YBEIUYMBACTCA,
COOTBETCTBCHHO MPOIOPLIMOHATBHO YBEIMUYCHHIO TOKA BO BTOPHYHOI
0OMOTKE pacTeT IpaAMCHT HANPSLHKEHHOCTH MATHHUTHOTO TOJISL.

IIpoBepka 3TOro OOCTOSATENIBCTBA MOMKET OBITH  BBIMTOJHCHA
JOCTatoyHO mpocto. HeobxoamMo pasMecTHTh MEPBUYHYIO U
BTOPHYHYIO 0OMOTKM TpaHchopMmaropa Ha MHPOTHBOIMOIOKHBIX
KOHLIAX JKETIC3HOr0 CEPJCYHUKA, & MOCPEAUHE Pa3MECTHTh TPETHIO
O0OMOTKY, COCTOSIIIYIO M3 JABYX OJMHAKOBBIX BCTPEYHO BKITFOUCHHBIX
obmotok. Ha et mosiurcst IJIC, kotopast OyAeT yBeTHIUBATHCS MPU
VMCHBIICHHH COTPOTHBIICHUS HATPY3KH M YBCIHMYCHHS TOKA BO
BropruHON oOmoTke. Jta IC cBumeTenpcTBYeT 00 H3MEHEHUH
rpagvicHTa MAarHUTHOTO MOl MPH HM3MEHEHWH TOKA BO BTOPHYHOI
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obmotke. IlocTaBneHHBIH SKCIIEPUMEHT 3TO MOJTHOCTHIO MOATBEPIHI.
OnmHako 53TO HHMKAK HE BBITCKACT M3 CYLICCTBYIOIICH TEOPUHU
TpaHchopmaropa.

B oObrunbIX (hopmynax pacuera TpaHcopMaTopa 3aBHCHMOCTb
3JC ot Toro, Kak pacroloXeHbl OOMOTKH Ha TPaHC(HOPMATOPHOM
CCpACYHMKE, HE TMPEAYCMOTPEHA, MOTOMY YTO B OOBIYHBIX
Tpanchopmaropax HEPBHYHAS U BTOPHUYHAS OOMOTKH Pa3MEILIAIOTCS
HEMOCPEACTBCHHO OfHa Han apyrod. OgHako W B 3TOM ciy4ae
HAOMIOAAIOTCS, HEKOTOPBIE HECOOTBETCTBHS —pacueraM, HO HX
OOBSCHSIOT TaK HA3bIBACMBIMH MATHHUTHBIMH MOJSIMA PacCCHBAHHMSL.
Ha camom e Jene, HECOOTBETCTBHE pacyeTaM HYKHO OOBSICHSTH
pasnuYMeM B PACIIONOKECHUSIX MEPBUYHON U BTOPUYHBIX OOMOTOK.

Kak yxe ykas3piBajaoch Bbimie, KOIG(UUIUCHT B3aUMOUHAYKIIUU
MPOBOAHUKOB HEMOCPEACTBCHHO 3aBHCHT OT PACCTOSHHUS MEXIY
HumH. [Toatomy ¢ yaaneHnem oOMOTOK Ha TpaHchopMmaTope APYr OT
Japyra ko3¢ (UIHECHT UX B3aNMOUHAYKIMH TAKXKE JOMDKCH CHUKATHCS.
s mpoBepkH 3TOr0 OOCTOSTENBCTBA OBIT BBIMONHCH CIEAYEOIIUE
skcriepuMeHT (puc. 8.14).

Ha ¢eppuroBoM KOjBIC UMEHOIMUM BHEHIHMEA auameTp 98 mwm,
BHYTpeHHHH auametp 60 MM u TommuAy 15 MM, OBLIH pacoONOKEHEI
ase oomotku mo 10 BUTKOB, OJHA M3 KOTOPBIX MOIJIA MEPEMEINATHCS
Baoab kombia (puc. 4.7, a). IepBuuHast 0OMOTKA 3aMUTHIBANIACH OT
3BYKOBOT'O T'€HEPATOpa, HA BTOPUYHOH OOMOTKE B PEKHME XOIOCTOrO
xoJa u3aMepsiiach 3ac. Mamepenus npoBogmiuck Ha vactorax 20 u
200 xI'm. Pesymprarhl mM3MepeHU CBEACHBI B TaOMUIy U B BHIC
rpa¢uka mokasansl Ha puc. 4.7,0.

Tabnuya 8.4

HacroTa Harmpsbxkenue | Yron pa3HeceHHsI 0OMOTOK Ha CepJIeUHHKe, Tpajl
Ha BTOD. 00M., | (paccTosHUe MeX]Ty IIeHTpaMU 0OMOTOK, MM)

k03¢ . Tpare. | 0° 45° 90° 180°

0 (30,6) (55,9) (79)

201t U,, MB 149 141 136 134
Kp 1 0,949 0,913 0,899
200xI'1t U,, MB 1534 1459 1401 1364
Krp 1 0,951 0,913 0,899
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Puc. 4.7. 3aBHCHMOCTH OTHOCHTEJILHOTO 3Ha4YeHHS Kod(uilmeHra
TpaHcopMaI 0T B3aHMOPACIIOJIOKEHHSI 0OMOTOK: g — CXeMa pACIIONIOKEHUS
0OMOTOK Ha KOJIBIIEBOM CEpJIEUHHKE IIPY ITPOBEICHUN SKCIIEPIMEHTa; 6 — N3MEHEHIE
ko3¢ durmenTa TpaHchopMary IIpu M3MEHEHNU PACCTOSHUS MEXK/Ty OOMOTKAMH.

Hekoropsiti pa3dpoc mokazaHuil MOXKET OBITH OTHECCH 3a CUET
HETOYHOCTH (DUKCALIMK PACIIONOKCHUST OOMOTOK MPU 3KCICPUMECHTE.
Opnako wuTOroBeii  pesyaprar — Ooace 10%  ymeHbiueHUS
ko3 durueHTa TpaHchopMalMK 3a CUCT Pa3ABUTaHUS OOMOTOK Ha
00ILIeM CEPACYHUKE —HUKAK HE MOXKET OBITh OTHECEH HA 3TOT CHET,
TaK ¢ KaK OH HC MOXKET OBITh OTHCCCH M HA CUCT TPATULHOHHOIO
o0bsicHeHus (P dekra u3-3a mojck pacceUBaHUS MATHUTHOTO TOJS.

4.4. dneKTpoMarHuTHasi UHaYKUUA.
Kax n3BecTHO, 3aK0H 371€KTPOMArHUTHON MHIYKIHH

=— Blv (4.56)

OTpaXXaeT TIPOLIECC HABEACHUS DSJIEKTPOIABIDKYIIEH CHJIBI € B
MPOBOAHUKE JTHHON | MpW MEpeMEIneHuH ero co CKOPOCThIO V B
MAarHUTHOM TOJIC, HHAYKIUS KOTOPOro pasHa B. OTO 3aKoH
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OJIM3KOJCHCTBYSI, HEMOCPESACTBCHHO OTPAXKAIOIIMIA B3aUMOACHCTBUC
MAardUuTHOTO MOJIA U ABMXKYIIEr0Cs B HEM HNPOBOJHUKA.

Paccmorpum Gusndeckyro CyIIHOCTh JAHHOTO MPOIIECCa.

Kax Ob110 mMoKa3aHO BBIIE, OCHOBHBIM BHIOM ABIKCHUS d¢upa B
MAarHUTHOM TIOJIE€ SBJISIETCSL BCE JKE HE BpallaTeapbHOE, a
MOCTYHATEIbHOS IBIDKCHHUE 3(HpPa, KOTOPOEC MOMKET COUYCTAThCS C
BpalllaTeIbHBIM, HO MOXKET M HE COUETAThCS.

Ilpu oTCyTCTBHE MAarHUTHOTO TOJIA, T.C. PU OTCYTCTBUU BHCITHIX
MOTOKOB 3(upa, 3JACKTPOHBI B MPOBOAHHMKE HAXOMATCSA B TCILJIOBOM
JIBIOKEHUH, CPEIHEE IOJIOKEHHE MX TJIABHBIX OCEH pachpelcicHO B
npocTpaHcTBE paBHOMEpHO. IlojgokeHHMEe HE MEHSETCS, CCAM Uepe3
MPOBOJHUK MPOHHUKAIOT MOTOKKA 3(HUpPa, MOCKOIBKY B KAKOM ObI
MOJI0’KEHUN HU HAXOAUIICS JIEKTPOH, BCE MOMEHTHI JABJICHUSI BOKPYT
Hero OyayT YpaBHOBCIICHBI.

Buemaue moroku 3¢dupa — BHEUIHEE MAarHUTHOC IIOJC — HA
KaXJOM 3JIEKTPOHE CO3JAI0T JABJICHUE TOPMOXKEHUS HA TOW CTOPOHE
3JICKTPOHA, KoTopas oOpameHa K TOTOKY. B coorBercTBUU ¢
3aKOHAMHU Ta30BOM MEXAaHWKM Ha JTOH CTOpPOHE 00pa3yercs
VIUIOTHCHHE Tra3a, OJHAKO H30BITOK 3TOr0 JABJICHUS, CO3AAFOIIUI
MOMCHT CHJIBI, OBITAFOIIHIACS TOBEPHYTh 3IIEKTPOH,
YPaBHOBEIIMBAETCS TAKUM >KE€ MOMEHTOM CHJIBI JAaBJICHUS HA APYroM
YYaCTKE TOTO K€ 3JIEKTPOHA.

Ecan >xe npoBOAHUK HAYMHACT ABUTATHCS OTHOCHTCIBHO IMOTOKOB
3(upa, TO CHMMETPHUSI MOMCHTOB HAPYIIACTCS.

Puc. 4.8.HepeOpHeHTaHHﬂ 9JIEKTPOHOB B IIPOBOTHUKE IIPN €ro ABMKCHNN B
MAarduTHOM I10J1€
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K xomsresomy Bpamenuro 3dupa g00aBIsSCTCS  CKOPOCTD
MCPEMCINCHUS TMPOBOAHMKA, M HA OJHOW CTOPOHE 3JCKTPOHA
CKOPOCTh  KONBLICBOTO JBIDKCHHUS DJICKTPOHA CKJIAIBIBACTCS CO
CKOPOCTBhIO ABHMIXKCHHA IIPOBOAHUWKA, Ha IPOTUBOIIOJJIOKHOM KOHIIC
BerumTactes. (puc. 4.8).

W3MmeHeHue AaBieHUST HA CTOPOHE 3JICKTPOHA, OOPAIICHHOW K
MMOTOKY, BBI3BIBACT YBCIMUCHUE IIOTHOCTH 3(Upa HA ITOH CTOPOHE
ANICKTPOHA, TaK 4TO

prn=Kpsr K, =k, > 1. (4.57)

3aece k, — xoaduument ysenmuenus minotHoctH 3dmpa; K, —
KO3 GULIUCHT  MPOMOPLHUOHAIBHOCTH — MexaAy  koddduumeHToM
YBEIMYCHUS MITIOTHOCTH 3(UpPa U CKOPOCTHIO BHEIITHETO MOTOKA d(hupa
Vy, TPOMOPIIMOHATBHON 3HAYCHUIO MATHUTHOW HHIYKINHU B.

H3MmeHeHue AaBICHUS HA TOM YYacTKE 3JICKTPOHA, KOJBLICBOC
JBIDKCHHEC B KOTOPOM COBIAQAAcT C JBIDKCHHEM [IPOBOJHHUKA,
COCTaBJISICT

APl = kppa (Ve + VH) 21 (458)

a Ha TOM yY4acCTKe, rac KOJIBIICBOC JABUKCHHC nuMECT
MMPOTUBOIIOJIOKHOC ABMKCHUIO IMTPOBOAHUKA HAIPaBJICHUC, U3MCHCHHUC
JABJICHUA COCTABUT

- 2
AP, =kp, (Vo — Vi) %, (4.59)
rac VK - CKOpOCTL KOJIBIICBOT O ABUKCHUS Ha HOBCpXHOCTI/I SHCKTpOHa;

Vy — CKOPOCTh NIEPEMELIEHUS TPOBOJHUKA.
PassocTh 3THX AaBICHUII COCTABUT

AP = APy — AP, = 4&Kp, V. Voo = 4KV, VoV, (4.60)

a BC/IMYMHA MOMCHTA, PasBOpavYnBaIOLICTO I'NIABHYIO OChb JJICKTPOHA B
HarpasJICHUN OCHU IIPOBOJAHUKA,
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M = APsr, = KNV VNLST, (4.61)

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

IToBOpOT BCEX IICKTPOHOB CO3JACT JJICKTPOABIDKYIIYIO CHIY B
MPOBOJHUKE, MPOMOPLHOHATIBHYIO 3TOMY VIJTy IMIOBOPOTA, a CaM VIO
MOBOPOTA 3JICKTPOHA 0, OYICT MPOMOPIHOHAJICH PAa3BOPAYHNBAIOIIEMY
MOMCHTY

E ~a, ~M~ vV, ~ By, (4.62)
HaNpsDKEHUE HA BCEU IJIMHE MPOBOAHUKA | 6y;[eT paBHO

e =El = Blv,. (4.63)

4.5. Bzaumogencreme noCTosAHHOro ToKka U MarHuTa

BzaumonciicTBre ITOCTOSHHOIO MATHMTA C MATHUTHBIM IIOJICM
3eMJIH M3BECTHO C APCBHUX BpEeMEH. B3anMoaeHCTBUE e MarHUTHON
CTPEJAKH C MATrHUTHBIM TIOJIEM, CO3JABACMBIM IOCTOSIHHBIM TOKOM,
TEKYIIUM TI0 TPOBOJHHUKY, OBIIO OTKPHITO JaTCKUM (DU3UKOM
X.K.3pcremom Tompko B 1820 r. IMEHHO 3TO OTKPBITHE BBI3BAJIO
00JIBILIOE YKCIIO UCCIICIOBAHHIA, KOTOPBIC B KOHCYHOM UTOTS IMPUBEIU
K CO3JAHUIO JJICKTPOJMHAMHUKU U 3JCKTpoTexHUKH. OmbIT Jpcrena
mokKasajg, 4YTO HAMArHUYCHHAs  CTPCIKA, IMOMCINCHHAS  Hax
MMPOBOJHUKOM C TOKOM, OTKJIOHSICTCS M YCTAHABIIHUBACTCS IOMEPEK
nposoguuka (puc.4.9,a).

MexaHu3m — B3aMMOJACHCTBHUS  JIAMUHAPHOTO IMOTOKA  3¢upa,
C031aBaCMOr0 TOKOM, MPOXOSIIAM I10 HPOBOIHUKY, U OCEBOM
COCTaBJISIIOLIEN MArHUTHOTO MOTOKA, CO3JAaBAEMOrO  CTPENKOM
kommaca, BuaeH u3 (puc. 4.9, 6). [lpu mapamienbHBIX MOTOKAX
TPAIUCHT  CKOPOCTEH  CYIIECTBEHHO  MEHBINE, Ye€M  OpHU
AHTUNAPAJUICIBHBIX MOTOKAX, OTCIOJA U XapakTep B3aUMOACHCTBUSL.
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He uckaroueHo, 9TO BHUXPEBAs COCTABISIOMIAS TAKXKE Y4aCTBYET BO
B3aUMOJICHCTBUM MArHUTHOM CTPENKH C MATHUTHBIM  IIOJIEM
MMPOBOIHHUKA, HO 3Ta COCTaBIAIOIIAs JOJDKHA ~ WrpaTth
BCIIOMOTATCIbHYIO POJIb.

C mosumii 3QUpPOAMHAMUYCCKUX TPEACTABICHUN OOBICHCHUEC
3TOrO SIBJACHHUS 3aKIFOYACTCS B TOM, 4YTO B HEM IIPOSIBJISCTCS
B3aUMOJICHCTBUE MEXKAY MOTOKaMU 3(upa, CO3IaBACMBIMH BOKPYT
MMPOBOJHMKA C TOKOM OPHCHTHPOBAHHBIMH B  MHPOCTPAHCTBE
3JICKTPOHAMHM, TJIABHASI OCh KOTOPBIX YACTHYHO pa3BEPHYTA B
HAIPABICHHUH OCH MPOBOJHHKA, U MOBEPXHOCTHIO TOMCHOB KEIIC3a,
OPHUEHTUPOBAHHBIX BJIOJb OCH CTPCIIKH.

Maenumnas cunosas

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

Puc. 4.9.BBo3/1elicTBHIO 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 OYICT MCITBITHIBATH CO
CTOpPOHBI MOTOKa 3(upa, co3JaBAEMOro SICKTPOHAMH IPOBOIHHKA,
MOMEHT  CHJI, ONPCACIACMBIA  IIOTHOCTHIO 3dupa BOIU3M
MOBEPXHOCTH JOMCHA, CKOPOCTBIO MOTOKAa 3(Upa Ha MOBEPXHOCTH
JIOMCHA, TPAIUCHTOM CKOPOCTH MOTOKA BONM3M MOBEPXHOCTH JOMCHA
U YIIIOM MOKIY HaANpaBjICHUSIMHM BHCIODHETO TOTOKa ddupa u
HATPABJICHICM TIOTOKA Ha MOBEPXHOCTH JOMCHA.

Hasnenue sdupa B 001aCTH MEPECCUCHUST MTOTOKOB OMPCACTUTCS
BBIPAKCHIICM:
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P = Po; + p2aViV,CO81, (4.64)

rae Py, — maBncHue 3¢upa HA MOBEPXHOCTH JOMEHA MPU OTCYTCTBUU
MAarHUTHOTO TIOJISL; P, - IFIOTHOCTH 3(upa HA MOBEPXHOCTH AOMCHA; Vy
— CKOpPOCTh MOTOKa 3(upa MArHUTHOTO IO HA IOBEPXHOCTHU
JIOMEHA,; V; — CKOPOCTh MOTOKA 3(hUpa caMOil MOBEPXHOCTH JOMCHA; O
— YrOJI MEXAY MOTOKAMH.

Orcroma cpa3y BHIHO, YTO MHHHMYM JaBICHHUS OyAET UMETh
MECTO MPHU MPOTHUBOMOIOKHBIX HAMPABACHUIX IOTOKOB 3(upa B
MAarHUTHOM TI0JIC U HA MOBEPXHOCTH AOMEHA, T.C. IIPU MAKCHUMATbHOM
rPaJuCHTE CKOPOCTH MOTOKA 3dupa.

ITockonbky ckopocTh MOTOKAa 3GHUpa B MATHUTHOM IOJE HPSMO
MPOMOPIHOHAbHA BCIUYMHE TOKA, TEKYIICrO B MPOBOJHUKE, U
oOpatHO mpomopuuoHanpHa paccrossuuio D 10 Hero, a Takke
MPOMOPIHOHAIPHA MArHUTHOMY MOMECHTY CTPCIKH [, TO OOIuii
MOMCHT M., NCHCTBYIOMIMN HA CTPEIKY CO CTOPOHBI MPOBOJHHUKA,
OMPEACTUTCS BHIPAKCHUECM

Ipcosa
M, =K—m— (4.65)
D

rae K — ko3hdHUMCHT NpPOMOPUHOHATBHOCTH; O - YIOI MEKAY
CTPEIKOU U TPOBOAHUKOM.

4.6. Bzaumopgencreme noCTossHHbIX MarHUTOB

MarHuTHbIC CHJIOBBIC JHHHH TOCTOSHHBIX MAarHHUTOB, B
MPUHILIMIIE, MPCIACTABISAIOT COOOW BHHTOBBIC MOTOKHM  3dupa.
BepositHee Bcero, MarHUTHOE IMOJIC MPEACTABISCT COOOH CHUCTEMY
BHUXPEBBIX TPYOOK, B KOTOPHIX MO mepudepuu 3hup nepeMeracTcs
BIOJb OCH TPYOKHM B OJHOM HAmNpPaBICHHHM, a IO LCHTPY — B
MMPOTUBOMOIOKHOM. TpyOKa MOMKET CTPYKTYpUPOBaThCs B HaOOp
BUHTOBBIX TOPOHMJOB. B 3TOM OTHOIICHUM CTPYKTypa BHUXPEBBIX
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TpyOOK MAarHMTHOTO TIONSl HMMEET OMNPEIOCICHHOE CXOACTBO CO
CTPYKTYPOH BHUXPEBBIX TPYOOK 3NEKTPHYECKOH HHAYKLHMHA C TOH
CYLICCTBCHHOW pasHUIEH, 4YTOo TPYOKH BNEKTPHYCCKON HHIYKLIUH
HMMCIOT CBOMM HCTOYHHUKOM KOIBIICBOE JBM)KCHHE MHKPOYACTHUL, a
MarHUTHbIC TPYOKH — TOPOUAATIBHOE. JICKTPOH, MOMABIINN B TPYOKY
ANCKTPUYCCKOH HMHIAYKLHMN HCIBITBHIBACT MOBOPOTHBI MOMEHT U
JOMOTHUTEIPHOE JaBieHHE S(upa CcO CTOPOHBI  HCTOYHHKA.
OnexTpoH, mOmaBUIMA B TPYOKY MArHUTHOW HAMPSDKCHHOCTH,
HCHBITHIBACT TOIBKO IOBOPOT, & PAa3HOCTb [JABICHUI BO3HUKACT
TOJIBKO IPH €rO IBIKCHUH.

Eciu Obl MarHUTHOE TOJIE NPEACTABISLIIO COOOWM  TOJBKO
JaMUHApHBIC TIOTOKU 3(Hpa, TO NMPH HUCCICTOBAHUAX S(PUPHOTO BETpa
MaiikeaTbCOHOM M TOCIEAYIOIIUMH HCCICAOBATEISIMUA OHO OBLIO OBI
Hen30e)KHO OOHApY)KEHO Kak TMpOsIBICHHE 3(HPHOrO BETpa Ha
MOBEPXHOCTH 3EMITH, TaK KakK MPH HANPSLHKEHHOCTH MArHUTHOTO HOJIS
3eman ot 33,4 A/m y skBaropa g0 55,7 A/m y momroca cKopocTé
3()UPHBIX IOTOKOB COCTABIM ObI cooTBeTCTBeHHO 0T 12,580kM/C 110
20,98 xm/c. Ommako oTOi cocraBnsromeii  3dupHOTO  BETpa
OoOHAPYKCHO HE OBLIO, CICIOBATCIBHO, OHA ObLTa MCHBIIE, YeM 3
kM/c, T... TOro 3HAUCHWs O(QUPHOTO BETPa, KOTOPOC OBLIO
obHapy:xeHo Mopiu u Musnepom Ha EBkimunaossix Beicorax B 1905r.

Takum o0pazoM, NPHUXOAUTCS KOHCTATHPOBATH, YTO OCEBas
COCTABJISOLIAsl IOTOKA BAOJAb OCH MATHUTHON CUJIOBOU JIMHUH, IO
KpaifHell Mepe, y MArHUTHOTO HOMS 3eMJTH HEBEIHKA 10 CPABHCHHIO C
BUXPEBOH (BparmaTenpHOI) COCTaBISIIOIICH. JTO IMMOATBEPIKAACTCS
TEM, YTO MArHUTHOE MOJIC 3eMJIH YOBIBACT C PACCTOSHUEM OT LICHTPA
3eMiIu MPOMOPIHOHAIBHO KyOy paamyca, T.¢. 1o 3akoHy buo-Casapa.
OnmHako 3TO HE 3HAYUT, YTO BO BCEX CAYyYasX MPOSBICHHUS
MarHUTHOTO OIS 3TO TaK.

MexaHu3Mm  B3aUMOJCWCTBHS ~ ABYX IIOCTOSIHHBIX  MarHHTOB
OTJHMYACTCS. OT HPUBEIACHHOTO BBILIC. IMpu B3ammoaeicTBUU
pasHoMMEHHBIX TOMOCOB (puc. 4.10,a) B BO3AYIIHOM MPOMEKYTKE
HATPaBICHIs BPALICHUS TPYOOK OKA3bIBAIOTCS OAMHAKOBBIMH, TaK JKE
Kak M HalpaBJICHUS OCEBOro rmepememieHus o5¢upa, TPyOKH
OOBEOUHSIOTCSI, CKOPOCTH IOTOKOB BO3PACTAIOT, AABJICHHE B HUX
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majgaeT, W BHCUIIHMM JaBlicHHeM d(Qupa Tmomca MarHuTa
MOATANKUBAIOTCS Apyr K apyry. Ilpum B3ammoxeiicTBum ke
OJHOMMEHHBIX MOJr0coB (puc. 4.10,6) BpaiueHre BUXPEBBIX TPYOOK B
BO3AYIDHOM  MPOMEXKYTKE  MEXKIY  MOIOCAMH  OKa3bIBACTCS
MPOTHUBOIOIOKHBIM, TaK K€ KaK M HAIMPABICHUS OCEBBIX IMOTOKOB.
10 3acraBaseT TPYOKM M3rubarhCs, UYEM CO3AACTCA B HUX
BHYTpCHHee HampsbkeHue. JlaBiaeHue sdupa BoO3pacraer, MONIOCA
OTTAJIKUBAKOTCSL.
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Puc. 4.10. B3aumojeiicTBrie TOCTOSIHHBIX MATHHTOB. JUIS Pa3HOMMEHHBIX
TIOIFOCOB (@); JUISL OJTHOMMEHHBIX TIOIOCOB (6)

B cnaydae NOCTOSHHBIX MArHWTOB T[JIABHYIO pPOJIb  UIPacT
BpallaTeIbHAsI COCTABISIOMIAS ABIKCHUS 3¢Hpa B BUXPEBBIX TPyOKax
MarHUTHOTO IO,

Caeayer OTMETUTH Tarkke, YTO MPOCTOEC BHHTOBOC JIBIKCHUE
a¢upa, COUETAIOIEE MOCTYMATEIBHOE ABIDKEHHE C BPAINATEIbHBIM
0c3 CTPYKTYPHPOBAHHUSI B HAOOP BHHTOBBIX TOPOHJOB, MOXKET TaKXKE
BOCIIPHHUMATBCSI KaK MarHUTHOE moie. Bce W3I0XKEHHBIC BBILIE
MOJIOXKEHUS TS TOrO BaApHAHTA OCTAIOTCS CIPABEITHBBIMH.

Jns  BBIHECEHHSI OKOHYATENBHOTO CYXKICHHS O CTPYKTYpe
MArHUTHOTO  MOJS  HEOOXOAWMO  TNPOBOAMTH  CICLHUATBHBIC
uccneqoBaHus. V3I0KEHHBIC BBILNIC MHPEACTABICHHS O CTPYKTYpe
MArHUTHOTO TMONSl HOCAT CaMBId MPCABAPUTCIBHBIA XapakTep H
JOJDKHBI YTOUHSTBCS.
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Buieoowi

1. CunoBoe B3aMMOJCHCTBHCE MPOBOIHUKOB OCYLIECTBIISCTCS HE 32
CHCT MEPEMEIICHHUS NEKTPOHOB OTHOCHTEIBHO MMPOBOJHHUKA, & 32 CUET
COBMECTHOH OPHEHTALIMH HX CITTHOB OTHOCHTEIBHO OCH MPOBOJHHUKA,
YTO NMPUBOIUT K YIOPSIJOUCHUIO 3(PUPHBIX MTOTOKOB BHE MPOBOJIHHKA,
KOTOpPBIC U BOCIIPHHHMAIOTCS Kak OOpa3oBaHHOC TOKOM MATHHTHOC
moJe.

2. Haseaeuue JJIC BO BTOPHYHOM HPOBOAHUKE MEPBHYHBIM
TOKOHECYIIUM IMPOBOAHUKOM CO3JACTCS B PE3YIbTATE MPOXOXKICHUS
rpaiuicHTa BOJHBI IMOMCPEYHOH CKOPOCTH 3¢Hpa, Bo30yKIAEMOH B
MPOCTPAHCTBE 3JICKTPOHAMU IEPBUYHOIO MPOBOJHHUKA, TNIABHBIC OCH
KOTOPBIX YACTHYIHO COPHEHTHPOBAHBI BAOIb €rO OCH.

3. Ilepenaya sHepruu u3 nePBUIHON 0OMOTKU TpaHChopmaropa BO
BTOPYIO OCYIIECTBIISICTCS YEPE3 MATHUTHOE TOJE, PACIOIOXKECHHOE B
MPOCTPAHCTBE MEXKAY OOMOTKaMH, TMpU STOM BIWSHHC Ha
ko3 dunucHT TpaHchOPMALMKA  OKA3bIBACT PACCTOSHUE MEXKAY
00OMOTKaMH.

4. JIC B ABWKYHEMCS OTHOCHUTEIBHO MATHUTHOTO —MOJS
MPOBOAHUKE CO3JACTCS 3a CUET MOBOPOTA JICKTPOHOB B IMPOBOJHUKE.
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MnaBa 5. AnekTpoMarHuTHoe none

5.1. YpaBHeHusa MakcBernra un ux orpaHM4eHHOCTb

Pa3pabotka ruapoMEXaHUYECKMX MOJACTCH JICKTPHYCCKUX H
MarHuTHBIX sABjcHUU U B XIX B., U celyac ele HaTaJIKUBAETCS Ha
OonpIIME TPYAHOCTH, MMOCKOIBKY 3TH SIBJICHHUS BECbMa Pa3HOOOPA3HBI
mo ¢opme, a camMum MoAeaM MOryT Oa3MpoOBaThCs TONBKO Ha
MPEACTABICHUAX O TYPOYJICHTHBIX M BUXPEBIX ABHKCHHSIX JKHUIKOCTH
WJIM Ta3a, IO HACTOSIIErO0 BPEMEHH M3YUCHHBIX JACKO HE MOTHO. Tem
HE MecHee, pa3paboTka MOJOOHBIX MOAETCH B MPOLLIOM IPHHECTA
OONIBIIYIO TOITb3Y, IMEHHO 3TH MOJCTH JIEIJIH B OCHOBY BCCH TCOPUU
3JIEKTPOMArHETU3Ma M TO3BOJIIN CO3JaTh BCIO €€ MATEMATHYECKYIO
Oazsy.

[Ipaxrryecku BCE TUIPOANHAMHYCCKHC MOJCTH
SJICKTPOMATHUTHBIX SIBICHUH MOXXHO pa30uTh Ha ABe rpymnmnbsl. B
NEpBOM TIpymHme MOAEACH MAarHUTHOE IIOJIE PACCMATPUBACTCS Kak
MPOSIBJICHUE TOCTYHATEIBHOTO ABIDKCHUSI 3QHpa, a 3JCKTPUIECKOE
MoJie — Kak MPOSIBJICHHE BpAINATENbHOrO (BUXPEBOTO) IBIKCHHS
s¢upa. TakoH TOUKM 3pEHHS NPUACPKHBAIUCH, B HACTHOCTH,
I''T'enemromnpn, B.Tomcon, Tx.Tomcon, H.IL.Kactepua. Bo Bropoii
IPYIIIE MOJEICH MArHUTHOE MOJIC PACCMATPHUBAIIOCH KaK MPOSBICHUC
BHUXPEBOrO JABIJKCHUS d0Upa, a »dJICKTPUYECKOe TMOoNe — Kak
MPOSIBIICHUE TOCTYNATCIPHOIO JBIDKCHHSI. OJTOH TOYKH 3PEHUS
MPUACPKUBAITNCE, B 9acTHOCTH, [x.Makceent u B.d.Mutkesuy.

Ilycte @, f, y — KOMIIOHEHTHI ckopocTu 3¢upa, U, V, W — YIIIOBbIE
CKOpOCTH BHXpeH, a p3 — mmotHocth 3¢upa. C yderoM >THX
00O03HAYCHUI 3amuIneM IUisi TEPBOM TPYNIbl MOJCICH CICTYIOLIHUE
YpaBHEHUS.

oa op oy
+ + =pos
ox % 0z
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_— e — = u’
% 0z

oa oy

_— e — = V’
0z OX

op oo

—_— = W,
oX oy

U OIPCACIIAM CICAYIOIUC COOTBCTCTBHSI:

p-— o —MATHUTHAS POHUIIACMOCTh BaKyyMa,
a, B, y— H., H, H, —KOMIOHEHTBH MarHUTHOT'O ITOJI;
u, v, w— E,, E,, E; — KOMIIOHEHTHI 3JIEKTPUIECKOTO MO,

Jst BTOpOU TPYIIITBI MOJCIICH UMEEM CICTYIOIMUC COOTBCTCTBUS:

Ps — & — AMBJICKTPHUUCCKAS MPOHULIACMOCTh BAKYyMa;
a, B, y— E, E,, E; —KOMIIOHEHTBI 3JIEKTPUIECKOTO OIS,
u, v, w— H,, H,, H, — KOMIOHEHTBl MAarHUTHOTO IIOJI.

B momp3y mocnemgHMX —IPEACTABICHUH  CBHACTEIHCTBOBAIIO
otkpeitoe Papaneem sgBIEHHE IMOBOPOTA IUIOCKOCTH TOJLIPHU3ALMH
CBC€Ta B MarHuTHOM II0JIC.

B Mogensx mepBoil TpyNIIBI MIPEACTABICHHE O MAarHUTHOM IIOJIE
Kak O IOCTYNaTCJIbHOM JIBUXXCHUUN 3(1)Hpa OpuBOAUT K BBIBOAY O
BOSHUKHOBCHUU MAarHuTHOIO IIOJSA IIPU JIFOOOM ABYDKCHUN YCPC3
a¢up, Yero Ha caMOM JelI€ HET M YTO BBI3BIBATIO CIIPABEIIUBYIO
KPUTHKY CO CTOPOHBI aBTOPOB BTOPOH rpymmel Moaenei. OxHako B
MOJCTSAX BTOPOH TPYMITBI MPEACTABICHHE OO0 BIEKTPHYCCKOM ITOJIE
KakK O nmoCTynarcjibHOM IABUXXCHUU 3(1)Hpa OPpUBOAUT K aHAJIOTMYIHBIM
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BBIBOJAM O BO3HMKHOBEHHH OJJICKTPHYCCKOrO MO MPH JTEOOOM
JIBIDKCHUH depe3 d¢up. ITO SBICHUE TOXKE HE OOHAPYXKCHO. Takum
0o0pa3oM, HEIOCTATKOM OOCHX TPYMI MOJCICH SBIISJIOCH UX SIBHOC
HCCOOTBETCTBUC OMBITHBIM JAHHBIM.

Baxxuabim HEJIOCTAaTKOM CYIIECTBYIOIINX MoJeaeH
SJCKTPOMATrHETU3Ma  SBHJMCh HMACATIM3aUMs H  OcecrpeqenbHOe
pacmpocTpaHeHHe ABKCHHUI 3(UPHOM KUIKOCTH U, KaK CICACTBHUE,
ANICKTPOMATHUTHBIX SIBJICHHA HAa BCC MPOCTPAHCTBO, OKPYIKAFOLICE
COOCTBEHHO 00IACTh  3JEKTPOMATHUTHBIX  B3aUMOICHCTBUH U
SIBJICHUIA. JTa HICATM3aLlisl SBUIACH CICACTBUCM IPEACTABICHHIA
lempMronbia O ABMKCHUSIX MACATBHOW CPEABI, COrJIACHO KOTOPBIM
BUXPH HC MOTJIH HHU TMOSBISATHCSA, HU YHUUTOXATHCSA, & MOTJIM JIAIIE
MEPEMEINATHCS. M MEHSTHCSI B CCUCHUM TPH COXPAHCHUH LIUAPKYJISLIAH.
Takum o00Opa3oM, BOMPOC O BO3HHUKHOBCHHH W YHHYTOKCHUU
BUXPCBBIX JBIKCHHN HE BO3HMKAI. MEKIy TEM, BHUXPH MOTYT H
MOSBISITECSI, W YHHUYTOXKATBCSA. IJTO TeM OOjee MOHITHO IMpU
PAcCMOTPEHHH SIBJICHHIA, CBSI3AHHBIX C MPOXOKICHHEM MEPEMEHHOTO
TOKa IO MPOBOJHHKAM: MPU OTCYTCTBHM TOKA MArHUTHOTO IO B
OKPY’KaIOIIEM MPOBOJHHK ITPOCTPAHCTBE HET,  MPU MOSBICHIH B HEM
oOpa3yeTcsi MarHUTHOE TMOJ€, T.C. BUXPEBBIC MABIKCHHS d(Hpa.
Hanwumo mpotrBopedre MOIETHN ¢ PeatbHOCTBIO.

Kak wm3BecTHO, ypaBHCHHMsSI 3JICKTPOIMHAMHKH MO MakcBealy B
COBPEMEHHOM M300pa’keHUH UMEIOT BHL [9):

1. rotE = - dB/dt, (5.1)
2. rotH =j + dD/dt; (5.2)
3. divD =p; (5.3)
4. divB = 0; (5.4)

3necs E v H COOTBETCTBEHHO HAMPSKCHHOCTH DJICKTPUICCKOTO U
marautHoro moneii; D = ¢£ wu B = puH — COOTBETCTBCHHO
SMICKTPUYUCCKAsT W MATHUTHAsI WHAYKLWH; & U U — DJICKTPUUCCKAS U
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MarHuTHas TPOHMUIACMOCTH Cpeasl; | = oE — mmotHOCTH TOKA
MPOBOAUMOCTH; 0 — VAENbHAs JJCKTPONPOBOIHOCTb CPEABI; p —
IUTOTHOCTb JIEKTPUUECKOTO 3apsiia B CPEE.

ITpu 3TOoM
[EdI
rote = lim ; (5.5)
AS-0 AS
HIIN
oE, OoE, OoE, OF; oE, OE
rotE = ( - )i+ ( — ]+ ( — X; (5.6)
oy 0z 0z ox ox oy
COOTBCTCTBCHHO
[HdI
rotH = lim (5.7)
rs-0 AS
oH, o0H, OH, OH, oH, O0oH,
rotd = ( - )i + ( — )+ ( — X, (5.8)

oy 0z 0z ox ox oy

BO BTOPBIX BBIPAKEHISAX POTOP MPEICTABIEH Yepe3 IPaAUCHTEHI.

Jns  pemeHns cucTteMsl ypaBHeHHMIIT Makcsenna BBOIATCA
CKaTSAPHBIA ONCKTPUYCCKHUH (@ W BEKTOPHBI MarHuTHbA A
ITOTEHIINAJIBI, TAK ITO

B=rotA; E =— gradep — dA/dt. (5.9)
IIpu >ToM ecmu CKASPHBIA HOTCHUMWAN ¢ HMEET (QU3HMYECKUN

CMBICJI pa6OTI:I, KOTOPYIO HYKHO BBITIOJIHUTH U1 MCPCMCIICHUSA
CAUHUYIHOTO 3apsaaa u3 OCCKOHEUHOCTH B JAaHHYHO TOYKY
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SJCKTPUYICCKOrO TS, TO BEKTOPHBIN MOTCHIIMAT UMECT JTHIINE YHCTO
MaTEMATHUYCCKHUI CMBICIT KaK HEKOTOpas BCIOMOTraTeabHas (GpyHKIMs,
HCTIONB30BAHNE KOTOPOH HMMECT JIMIh METOTUUCCKOC 3HAUCHHUC.

VYxka3zanHbIc BBIIIIE YpaBHEHUS Maxkcsemna HUMEIOT
mupdepenumanpayio  Gopmy. MM COOTBETCTBYIOT — ypaBHCHUS
SJICKTPOINHAMUKY B HHTETPATGHON (hopme

1. 3akon @apajes 3MCKTPOMATHUTHOW WHIYKLHN
e = [Edl = — ddwm/dt. (5.10)
2. 3aKOH MOJTHOrO TOKa
i =JHdl = dg/dt. (5.11)
3. Teopema Octporpaackoro - ['aycca 1ist 31KTPUUSCKOTO TTOJIS
@, =|DdS=q (5.12)
4. Teopema Octporpaackoro - ['aycca 1j1st MArHUTHOTO TTOJISt
@, =[BdS=0. (5.13)
3nece @, u D, - COOTBETCTBEHHO TMOTOKHA 3JICKTPHYUCCKOTO
cmemmernss D w marHuTHOW wmHAyKumM B ckBO3bp 3aMKHYTYIO
MOBEPXHOCTH 0S, OXBaTHIBAOLIYIO CBOOOIHBII 3apsix Q.
Pasbepem mocienoBaTeIbHO (PU3MUSCKHI CMBICT YPABHCHHUIA.
1. Illepsoe oughpepenyuanvnoe ypasnenue Makceenna

rote = — dB/dt (5.14)

" COOTBCTCTBYIOILICC CMY MHTCTPAIBHOC YPaBHCHUC
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e = JEdl = - do,/dt (5.15)

BbIpaXKarOT TOT (baKT, uTO CCIIN B 3aMKHYTOM KOHTYPC HU3MCHACTCA
MAarHUTHBIA MOTOK, TO B caMOM KOHType Bo30yxkmaercs IJC e,
BEJIMYNHA KOTOPOH ONpENENuTCS YKAa3aHHBIMH ypaBHEHHMsSMH. B
YaCcTHOCTH, CCJIU KOHTYP JICKUT B INUIOCKOCTH X), TO MarHUTHas
HUHAYKIUA UMCCT HAIIPABJICHUC OCH Z, HCpHCHL[HKyHHpHOﬁ IIJIOCKOCTH
xy. Torza Oymem UMETh:

ey =— uSAH/dt, (5.16)

rae S—miomanb KOHTypa.

1) TlpuBemeHHOC YypaBHECHHE TPEAMONIAracT  BO3MOXKHOCTD
M3MCHEHHUS! MATHUTHOW HAMPSLKCHHOCTH BIOJB OCH Z 0€3 Kakoro Obl
TO HH OBIIO TOMEPEUYHOrO TCPCMCIICHUS MATHWTHOTO TMOMS B
mpoctpancTBe. OmHAKO CIEAYCT 3aMETUTH, HUTO PEaabHO TaKOTO
mporiecca B MPUPOAC HE cymmecTByeT. Ha camom aeme M3MCHEHUS
HAMNPSHKCHHOCTA MATHUTHOTO TMOJS MOXHO JOOWTBCS — TOIBKO
CTYIICHUEM CHJIOBBIX THHUM U H0OABJICHUCM WX B KOHTYP € 0O0K08
kouTypa (puc. 5.1).ITpu stom 3/IC B KOHTYpE BO3HHKACT HE 3a CHET
U3MCHCHUS HANPSHKCHHOCTH MArHHUTHOTO TIOJISE  GHYMpU KOHTYpa, a
3a CUCT nepeceyeHus: HNPOBOOHUKO8 KOHMypd MAZHUMHbIMU
CUNOBLIMU JIUHUAMU, TOOABIACMBIMA K TEM, UTO YIKE HMCIOTCS
BHYTpu KoHTypa. Takmm obOpazom, mexanusm mossiacHus JJC B
KOHTYPC WHOM, HEKEIM TMPECAYCMOTPEH TICPBBIM  YPaBHCHUCM
Makcaeiia, COOTBETCTBCHHO JO/DKHO OBITh HECKONMBKO MHBIM U CaMO
YpaBHCHHE, OIMMCHIBAOIICE STOT MPOIECC. | JTaBHOE TO, UTO B TIEPBOM
ypaBHeHMM ~ MakcBeama — OTCYTCTBYET — OMHCAHWE — MpoIecca
MCPECCUCHUS CHJIOBBIMU JIMHHUSMHM MArHUTHOTO TIONIS TPOBOJHUKA
KOHTYpa.
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Ve

a) 6)
Puc. 5.1. HaBegenne IJC B koHType: a —110 MakcBelny; 6 —B peallbHOCTU

2) Tlepoe ypaBHeHHe MakcBemia OMUCHIBACT MPOLECC B
IJIOCKOCTH, HO HE B 00beMe. COOCTBEHHO M3MECHEHHUE HAMPSIKCHHOCTH
H; Bmoab ocu Z B HEM OTCyTCTBYET. II0BOPOT 7K€ MIIOCKOCTH B OCSX
KOODOMHAT, KOTJAa M B NPaBylO, H B JIEBYIO YaCTH YpPaBHCHUS
MOMAJAI0T BCE TP ACKAPTOBBI KOOPAUHATHI, CYTH HE MCHSICT.

Ilouemy e mepBoe ypaBHeHHE MakcBemTa W BHITEKAIOIIUNA W3
HEro UHTerpampHeIi 3akoH Dapazxess MarHWTHOHM WHIYKLHU
MO3BOJSIIOT ~ XOPOLIO  MPOW3BOAUTH  PAaCUCThl,  HANpHMEP,
TpaHC(OPMATOPOB M MHOTHMX APYrMX MarHUTHHIX cuctem? QOtBer
mpoct. M3MeHEHHE MAarHUTHOTO TMOMS BHYTPU KOHTYpa SIBISIETCS
cneacTBueM J00ABICHUS MArHUTHBIX CHJIOBBIX JIMHHH C OOKOB
KOHTYpa, YHCICHHO OHHM IIOYTH COBMNAJAIOT, U S5TO MO3BOJIICT,
WUTHOPUPYS CYThb MPOLECCAa, BBHIMOTHATh B OONBIIMHCTBE CITY4acB
HEOOXOJMMBIC PACUETHl C YIOBICTBOPUTEIBHON TouHOCThIO. Ho He
BO BCEX, MHOTAA OTKIOHCHUWS B pacyeTax MPEBBHIIIAIOT JOITYCTUMBIC
MOTPEIIHOCTH, U BEChbMA CYLIECTBEHHO.

3) B ypaBHeHuu mpaBast 1 ieBast 4acTH HE SKBUBAICHTHbI. [lpaBas
YacTh YPaBHCHHUS BBICTYNACT NPUYMHOW, a JieBas 4YacTb — e¢
cneacteueMm. Ecmu myTeM W3MEHEHHsT MAarHUTHOW WHAYKLHH C
MOCTOSIHHOH CKOPOCTBIO MOXKHO CO34aTh HAa KOHTYPE MOCTOSIHHYIO
IC, To obpaTtHOE ACHCTBHE HE MOXKCET OBITH PEATH30BaHO, T.K.
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co3nas Ha KoHType mnoctosaHyr0 JJIC HHKAaKoro MOCTOSHHOTO
M3MCHEHHUS MAarHUTHOW HWHIAYKUUU [OMYyYUTh HEAb3s.  llosTomy
MPaBUJIBHO OBIJIO OBl  MEXKIY MPaBOW U JICBOM YACTSIMH YPAaBHCHUS
[MOCTABUTh HE 3HAK PABCHCTBA, a 3Hak "[1", ykassiBarOIuil, 4TO
JICBast YACTh SBJISICTCS CJACACTBUCM MPABOI:

rotE O — dB/dt; (5.17)
TO K€ OTHOCHUTCS U K MHTErpaabHOi opme:
e =JEdl O — dd,/dt. (5.18)

Creayer 3aMETHUTh, YTO CIOCODOB TIOMECHATH MECTAMH MTPUYMHY U
CIICACTBUC B MPHUPOJC HE CYIICCTBYET, T. €. CCIAM, U3MCHSAS BO
BPEMCHU MarHUTHBIH TMOTOK, MOXHO B KoHType co3gare JDJIC, To
oOpaTHas  omepanys HCBO3MOXKHA. HEIb3s, CO3MaB B KOHTYPEC
moctosaayio DJ[C, monyunTh B HEM M3MCHSIOIIECCS BO BPCMCHH
MArHUTHOE IOJIE.

2. Bmopoe ouppepenyuanvnoe ypasnenue Makceenna
rotH =j + dD/dt (5.19)

U COOTBETCTBYIOLICC EMY MHTCTPAIBHOC YPABHCHHE (3aKOH IMOJIHOTO
TOKA)

i =[Hdl = dg/dt (5.20)

BBIPKAIOT TOT ()aKT, YTO €CIM B MPOBOAHUKE TECUET TOK, TO BOKPYT
NPOBOAHUKA BO3HMKACT MArHUTHOE IIOJE€,  BEIMYHUHY KOTOPOTO
MO>KHO ONIPEACIUTD.

IlpuHipimmansHO  BTOpOE  ypaBHEHHME  MakcBemiaa  MOXKHO
pas3zenuTh Ha ABE YACTH!
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rotH' =j; (5.21)
rotH" =dDIdt. (5.22)

WuTerpanphas ¢popma — 3aKOH MOTHOTO TOKA — OTPAXKAET TOJBKO
MEPBYIO YacTh, I BTOPOU YACTH aHATOTHYHAs (opMa OTCYTCTBYET,
XOTSl U MOXKET OBITh HECJIO’KHO HANKCAaHA, HAIPUMED, B BHJIC

[HdI = SdD/dt. (5.23)

B ornmuame ot mepBoro ypaBHEHHs BTOpoe ypasHeHHEe Makcsenia
U 3aKOH MONHOTO TOKAa OTPAXKaroT PEAIbHBIN IPOLECC BOSHUKHOBEHUS
MAarHUTHOTO MO BOKPYT mpoBoxHuka. OOHAaKo M 34eCh MOXKHO
CAENaTh HEKOTOPBIE 3aMEUaHUsI.

1) 3ak0oH MOIHOrO TOKA SIBJSICTCS AHAJOIOM 3aKOHA IOCTOSHCTBA
LUPKYISIIUN A1 BUXPEBOTO ABMKCHUS HEBSI3KOM U HECKUMAEMOU
SKUJKOCTH!

Idll =T, (5.24)

rae V — CKOPOCTh IOTOKA >KMJIKOCTH BOKPYT IleHTpa Buxps, a I —
HAMNPSDKCHHOCTh BUXPS. JTOT 3aKOH OTPa)KAET BUXPEBYIO CTATHKY,
T.€. ABIDKCHHE KUAKOCTH B ycTaHOBUBLIEMCs BUXpe. COOTBETCTBEHHO
U 3aKOH IIOJHOTO TOKAa, U BTOPOE ypaBHEHHME Makceemia OTpaXkaroT
CTaTHKY MarHUTHOTO ITOJIS, 2 BOBCE HE AMHAMUKY.

2) Kak Bo BTOpOM ypaBHEHHMH MakcBeaIa, Tak M B 3aKOHE
MONHOTO TOKA OTCYTCTBYIOT KakKhe-TuOO H3MEHEHHUS IMPOLECCOB BO
BPEMEHH, MIO3TOMY, HAIPHUMED, €CIIH M3MEHIUIACH BETMIMHA TOKA, TO
B COOTBETCTBHH C VPAaBHEHHEM 3aKOHA ITOJHOTO TOKA BETMYMHA
HaIPsDKEHHOCTH

H=il2ar (5.25)
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JODKHA MIHOBCHHO H3MCHHUTBHCS HE3aBHCHMO OT TOrO, Ha KaKOM
PacCTOSHUM OT CaMOro MPOBOJHHMKA C TOKOM HAXOJHUTCS MAarHUTHAs
cunosas nuHusg. Hukakoro 3amazmeiBaHus mpoLiecca YPaBHCHHEM HE
MPEAYCMOTPEHO, HYTO MPOTHBOPCYHUT CMBICTY, T.K. 3aMa3IbIBAHHC
crenctBusl (HANPSDKCHHOCTH MArHUTHOTO TMOJSI) MO OTHOLICHHUIO K
NPUYUHE, €ro BRI3BABIICTO, (TOKY) AOKHO OBITH.

3) Bropoe ypaBHeHme MakcBemna, Tak K¢ Kak M TICPBOC,
OMKCHIBACT MPOLECC B IIOCKOCTH, HO He B oOwveme. CoOCTBEHHO
W3MCHECHUE HANpPsDKCHHOCTH F BIONB €ro HAMpPaBlICHHS B HEM
orcyrcTByeT. W, Tak ke kKak W B TCPBOM YPaBHCHUH, IOBOPOT
IJIOCKOCTH B OCSX KOOPJHMHAT, KOTJa YPaBHCHHE MMONAJA0T U B
MPaBYIO, ¥ B JIEBYIO YACTH YPABHEHUS MOMNAJAIOT BCE TPU ACKAPTOBHI
KOOPJIHHATHI, CYTH HE MCHSICT.

4) Bo BTOpOM ypaBHCHHH MakcBenia, Kak U B TICPBOM, MpaBas U
JeBasl YacTH HA CaMOM JENC HE KBUBAJICHTHBI. 3IECh TAKXKE IpaBast
YacTh YPaBHCHHS BBICTYNACT NPUYMHOH, a JeBas 4YacTb — ee
cneacteueM. Ecnu myTeM HM3MEHEHMs SJCKTPUYCCKOH HHAYKLHH C
MOCTOSIHHON CKOPOCTBIO HJIH MPOIYCKAHHUEM MOCTOSHHOT'O TOKA Yepe3
MPOBOAHUK MOXKHO CO3JaTh B OKPECTHOCTSIX MPOBOJHUKA MATHUTHOE
moje, To oOpaTHOE ACHCTBHE HE MOXKET OBITh PEaTH30BAHO, TaK Kak
CO3J1aB B OKPECTHOCTSIX NMPOBOJHHKA MOCTOSHHOC MATHUTHOE TOIE,
HUKAKOT'O MOCTOSHHOTO M3MCHCHUS ICKTPUYCCKOW WHAYKUHU WU
MOSIBIICHUSI MTOCTOSTHHOTO TOKa B MPOBOAHUKE IMONYYUTh HEIb3S.
ITosToMy u 37eck MpaBHABHO ObLTO OBl MEXIY MHPABOH M IJICBOI
YACTSIMHM YPaBHCHMS TOCTaBUTh HE 3HAK pPABCHCTBA, a 3Hak "[1",
VKa3bIBAOLIHH, YTO JICBAS YaCTh SIBJSCTCS CICACTBUEM MPABOM:

rotH O j + dD/dt (5.26)

U COOTBETCTBYIOLICC EMY MHTCIPAIBHOC YPABHCHHE (3aKOH IMOJIHOTO
TOKA)

i =dgdt= [Hdl. (5.27)
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3. Tpemobe ouppepenyuansvroe ypaguenue Makceenna
divD =p; (5.28)

U COOTBETCTBYIOIIECEC €My HHTCTPATbHOC YPaBHEHHE — Teopema
Octporpaackoro—I aycca Amst 3MeKTPHYECKOrO OIS

®e =|DdS=q (5.29)

rpemar TeM JKe. B HHX OTCYTCTBYCT BpEeMEHHOW (hakTop,
CIEAOBATEIbHO, 3TO ypaBHeHus cratuku. llpaBma, ecnmu Teopema
Octporpaackoro— aycca B yueOHMKAX OOBIYHO MOMEIIACTCS B PA3ACT
3JCKTPOCTATUKY, TO JAU(G(EPECHIHATPHOS BBIPAXKCHUE TOTO XE —
TpeThe ypaBHCHHEC MakcBe/ia MMOMEIIACTCS B TEX JKC YICOHUKAX B
pasaen AMHAMUKHY, YTO HUYEM HEe 000CHOBaHO. 10, 4TO MHTErpaibHas
dopma sBisieTcss (oOpMOIN  CTATHYCCKOM, JIETKO BHIETh H3 TOTO
OOCTOSITENbCTBA, YTO ONPEACICHHOE W3 OTOr0  BBIPAKCHUS
3JEKTPUIECKOE CMCIICHHE

D = g/4nr? (5.30)

JAOJDKHO HU3MCHATBCI MTIHOBCHHO IIpU U3MCHCHHHU  3apdaa q
OOBIYHBIM BO3pa’>XCHUCM IIPOTUB 3TOI'0 ABJISICTCSA TO, YTO OI[I/IHO‘{HI:II‘/'I
3apsaq U3MCHUTb HCBO3MOXKHO, a TPUBHCCCHUC AOMOTHUTCIBHOI'O
3apsiia €CTh MPOLECC JOMONMHUTEIbHBIN, KOTOPBII OMUCBHIBACTCS YKE
coBceM HHaue. TeM He MEHEe MAaTEMaTHUECKOE OMHUCAHME BCE PABHO
JODKHO MPEeIyCMaTpUBaTh HAMHYHE 3aIa3AbIBAIOLICTO MOTCHIMAMA, &
OTOro B YpaBHCHUU HCT.

Kpome Ttoro, B ypaBHeHHMH ciemoBamo OBl TaKXKE OIPEICIHTH
OPUIUHHO-CJICACTBCHHBIC OTHOIICHUA B BUAC COOTBCTCTBYIOIICTO UX
HammucaHus.

®e =|DAS O q, (5.31)

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

U COOTBETCTBYIOLICE €My HHTCTPAJIbHOC YPAaBHCHHEC — TeopeMma
Octporpaackoro—l aycca 1jist MArHUTHOTO TTOJISt

&M =[BdS=0 (5.34)

HE BBI3BIBAIOT OCOOBIX BO3PaKEHUH, KPOME pa3Be YTO CBOCH
HEJOCTATOYHOCTH, TaK KaK OHU Takke (PHKCHPYIOT HEKOTOPYIO
CTaTHKY, KPOME TOTrO, B HUX TAK)KE OTCYTCTBYET BPEMEHHOH (pakTop.
UerBepToe auddepeHunansHoe ypaBHeHHe MakcBenna Toxke 0e3
BCSIKOTO 0OOCHOBAHUSI MMOMEIIACTCS B YICOHUKAX B pa3aea JUHAMUKH.

Wnterpanpras sxe ¢opma, moMmemaeMas B pas3gel CTATHKH,
BBIPQKACT TOT OYCBHIHBIA (DaKT, UTO MATHUTHBIC CHIIOBBIC JHHHU
BCCrAa 3aMKHYTHl H, CJICAOBATCIbHO, CKOJABKO HX BBIIUIO U3
3aMKHYTOW IOBEPXHOCTH, CTOIBKO K€ W JOJDKHO BOHTH B HEe.
Hukakux BpeMEHHBIX IPOLIECCOB OHA HE OTPaXKaET.

Takum o0pa3zoM, IUHAMHUYECKHE MPOLIECCHI, MPOTEKAIOLINE B
SJCKTPOMATHUTHOM TIOJ€, OTPAXKAKOTCS HE BCEMH  YCTBHIPHMS
ypaBHeHHsIMU MakcBemia, a TONBKO MEPBBIM U MOJOBHHOW BTOPOTO,
MIpUYEM TIEPBOE YPaBHEHHE HE OTPAKAET PEATBHOrO Ipolecca
BosHHKHOBeHUsT JJIC B mpoBOAHMKE TpH M3MCHEHUU BO BPEMCHH
MarauTHoro mnonst. llepBas ke TMONMOBHMHA BTOPOrO YpPaBHEHUS
MakcBenna, a Takke TPETbe M HETBEPTOC YPABHCHHS  SIBISFOTCS
VPaBHEHMSIMU BUXPEBOW CTATHKH U, B IPHHLIUIE, K SICKTPOJHHAMUKE
OTHOLICHUS HE UMEIOT.

N nepsoe, n BTOpoe ypaBHeHH:I MaxkcBenia WTHOPHPYIOT IO,
HaxomsIuuecss BHE KOHTYpoB. OZHAKO COCEIHHE OXHOHAIPABICHHBIC
BHXPH, IMEsI Ha CBOCH mepu()epuu B CONMPEACIbHBIX 00IACTAX MOTOKH
cpeapl — »3(dupa MPOTHBOMNOIOKHOTO HAIMPABICHUS, CO3AAIOT
B3aMMHYIO KOMIICHCAIMo momnei (puc. 5.2). 310 00CTOATEIBCTBO HE
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VUTCHO MEPBBIMU IBYMsl YpaBHEHISIMH. Ecmu OB 3TO yUHTHIBAIOCH,
TO KakK 3MEKTPUUYECKAs, TAK U MAarHUTHAsI HAIPSOKEHHOCTU HE BCErAa
ObLTK OBl OMHUMH U TEMH JKE JJIs1 TIEPBOTO U BTOPOrO YPaBHEHHUH.

a) 6)

Puc. 5.2. Kommencarun mosieii: ¢ — MarHUTHOTO TIONSL B pacIpeieleHHON
CHICTEMe TOKOB; 6 — DJIEKTPUUECKOro IO B PacIpe/IelIeHHOM CUCTeMe MarHUTHBIX
TIOTOKOB

Hakoner, BCC ypaBHeHumsi MakcBemia BBIBCICHBI U3
MPEANOIOXKCHUST 00 uAcaabHOCTH 3¢upa u, CICIOBATEIBHO,
MOAPA3yMEBAIOT OTCYTCTBHE y HETO BSI3KOCTH W CXKHUMAeMOCTH. B
TakoM 3(Hpe BUXPH HE MOTYT HH 0OPa30BBIBATHCS, HA MCYE3ATh, YTO
MOJIHOCTBIO HE COOTBETCTBYET OIBITHBIM JAHHBIM. HAIMPSDKCHHS M
MArHUTHBIC MO BO3HUKAIOT M HCYE3AIOT, HO 3TO HE 3AJI0KEHO B
¢usuky ypaBHeHuwil. B ¢usuky ypaBHeHmMit MakcBemna Takke He
3aI0KEHA COKUMAEMOCTh MOJEH, HEMOCPEACTBCHHO BBITCKAIOLIAS M3
ckuMaeMocTtu 3dupa.

[Monyuennsie MakcBemIOM ypaBHEHHMsI 3JICKTPOMArHUTHOTO OIS
HA OCHOBE THAPOMEXAHHYCCKUX MPEICTABICHUN SJICKTPOMATHHTHBIX
SIBJICHMIA W WX BCCCTOPOHHSS ampoOauusi BO MHOTHX IMPAKTHYCCKHX
NPUIOKCHUSIX TMOATBEP)KJAIOT MPABOMEPHOCTh METOAA AaHAJIOTHIA,
HCIONB30BAaHHOTO MakcBeIoM, M, Kaszaloch Obl, H3 3TOro He
BBITCKACT HEOOXOAMMOCTh KAKOrO-TUOO YTOYHCHHS YPaBHECHHI
anekrpoanHamMuku. OXHAKO 3TH YPaBHCHUS B COOTBETCTBUH C
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MPEACTABICHUSAMH | enbMroapua O MOBEACHHH BUXPEH B JKHIKOCTH
OTPKAIOT BCEr0 JIMIIb MPOLIECC MCPEMCLICHMS BUXpPEH B
MPOCTPAHCTBE U HE OTPAXKAIOT Mpolecca 00pa3oBaHMs 3THX BUXPEH.
st Toro uToOBI PACCMOTPETh TMPOLECC B LICAOM, HECOOXOAMMO
MPOBECTHU JOMOTHUTEIBHBIC TIOCTPOCHHS.

Takum oOpa3om, ypaBHEHHS BJICKTPOOIUHAMHKH MakcBelina He
SIBISIIOTCS COBEPIICHHBIMH, KaK HE SIBISCTCS COBCPIICHHBIM HUYTO HA
ceere. Ml mosTOoMy Hax HUMU HY>KHO MPOJOKATh paboTaTh.

5.2. HekoTopble yTOUHEHUS ypaBHEHUN
3NeKTPOANHAMUKU

Paccmorpum anmeMeHTapHBIE 00BEM CPEAbI, HAXOMSAIICHCS MOX
BozzciicTBueM npuokeHHow JJ[C, a Takke BHEIIHUX MArHHUTHBIX
nosneit (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. 5.3.00pa3oBaHme 21eKTpH- Puc. 5.4.00pa3oBanue
JeCcKoro Toka B cpejie. MAarHHTHOTO TIOTOKA B CpeJie.

W3 momenu 3ACKTPUYCCKOTO TOMS CACAYET, YTO TOK SIBJSCTCS
CIEACTBUEM JJIEKTPUUECKON HAIPSDKEHHOCTH, JEHCTBYIOIIEH B LIEMH,
a MArHUTHOC TIOJIC BOKPYr TMPOBOJHUKA SBIACTCS CIICACTBHACM
YIOPSIOUCHHON OPUCHTALINMH B TTPOBOTHUKE DJCKTPHUCCKIX 3aPsI0B.
s saeMeHTa CpeAbl B JAHHOHM IEMM HEOOXOAUMO YYHUTHIBATH TPHU
SIICKTPUUCCKUX HANPSDKCHHOCTH, CYMMHUPYIOIIUCCS APYT ¢ IPYTOM H
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CO3JAIOLINC 3ICKTPHUYCCKHH TOK: E, — HAPSDKCHHOCTh OT BHELIHETO
uctounnka JJIC; Ey 1 — HANPsHKEHHOCTh, HABOAUMYIO CO CTOPOHBI
JPYTUX TOKOB, MCHSIOIINX-CS BO BPEMCHH, BHCITHUX 110 OTHOIICHUIO
K paccMmarpuBacMoMy 0OBEMY; 3[€Ch CACAYCT YUYUTHIBATH, YTO
MarHuTHOE moje, cozgaromee 31y IJC camo wmmeeT BOTHOBOI
xapakrep;, Ey v, — HaNpsOKCHHOCTh,  HABOJAWMYIO CO CTOPOHBI
HMCTOYHHKA, JBIKYIICTOCS OTHOCUTEIBHO pacCMaTpuBaeMoro oobema.

ITnoTHOCTE TOKA J,, BOSHHUKAIOIIETO B ICIH, OMPEACISICTCS STUMU
HAMPSHKCHHOCTAMH U MTPOBOAUMOCTBIO CPEAbl. B CBOKO ouepeib, TOK
BBI30BET MArHUTHOE TOJIC, HATIPSHKCHHOCTh KOTOPOro pasHa Ej , Tak
4TO

n OFE;
rotHg. O 6. = (O'E(P+ & &o Z E— ), (535)
i=1 ot
n OFE;
rae Y. €CTh BEKTOPHASI CyMMa MPOU3BOAHBIX 3ICKTPHIECKUX
i=1 ot

HAMNPSOKCHHOCTEH  DJICKTPUYCCKOrO MO IO BPEeMEHH  (CKOpOCTH
U3MCHCHHUS) B TOYKE, B KOTOPOH OMPEACTSACTCA HaBEACHHAS
HAIMPSLKEHHOCTh MAarHUTHOTO 1oyist He |

AHAJOrMYHO MPU PACCMOTPCHUHU 3JICMECHTAPHOTO 00BEMa CPEIbI,
HAXOJSIIErocs IO BO3AcHCcTBUEM mpuioxkeHHON Baemmnerdn MJIC
(MArHUTOABIDKYIICH CHIIBI), a TaKKe TIOA BIMSHUCM BHCITHUX
MarHuTHbBIX nojei (puc. 5.4),momy4anm:

n  OH;
rotEq. O 5M=—,u,u02 e (537)
i=1 ot
rae
n OH
> €CTh BEKTOPHAsI CYMMa MPOU3BOJHBIX [0 BPEMCHH

i=1 ot
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(crkopocTu U3MEHEHHST) HATPSKCHHOCTEH MATHUTHOTO TOJISI B TOUKE, B
KOTOPO# OMpPEACSICTCS HABSACHHAS HANPSIKCHHOCTD 3JICKTPHYCCKOTO
nous Ee

Creayer cpasy ¢ OTMETHTb, YTO HCIOIB3yeMas 31¢Ch aHAIOTUS
HE CTPOro KOPPEKTHA ¥ JO/DKHA ObITh B JaNibHCHIIEM
SKCIICPUMCHTAJIBHO MOATBCPKACHA.

IMpr oOTCYTCTBMM MEPEMEHIAOIMUXCS OTHOCHTEILHO 00BeMa
HUCTOYHUKOB MArHuTHOTO M 3JICKTPHUYCCKOIO HOHCﬁ, YpaBHCHUA
peodpasyoTCs B BUA

0
rotH, O d.=(c+e— )E, +Env) (5.39)
ot
0
rott, 0 6,=—u— (Hy + Hew) (5.40)
ot
IIpuBenenHsIe BBIPAKCHUS HPEACTaBIISIIOT coboit

moauduuupoBannsie Bropoe wu IlepBoe ypaBHeHmst Makcsemnna,
OTJIMYAIOIIUECS OT MOCIACAHHMX TEM, YTO OOBIYHO HCIIONB3YEMBIA B
ypaBHeHHMsIX MakcBenana <«CTOPOHHUIT TOK» BBIPAXKEH dYepe3
HAMNPSDKCHHOCTH, & TaKkkKe C YIETOM HCTOYHHKOB BJIEKTPUYCCKOTO U
MArHUTHOTO TIOJEH, BHEIIHUX OTHOCHUTEIBHO PacCMaTPHUBACMOTrO
oobema. IlpencraBmenHpie B Takoi  ¢opMe  ypaBHEHUS
3JIEKTPOMATrHUTHOTO TOMS MO3BOJIIOT CACIATh HEKOTOPBIC OTINYHBIC
OT OOBIYHBIX BBIBOJHI.

HeiicTBUTeIbHO, B OOIIEM ClTydae HANPSHKEHHOCTH MArHUTHOTO W
SJCKTPUYICCKOrO MONEH, HCIOIb3yeMble B OOOMX ypPaBHCHUSX,
pasHble, a HE OAWHAKOBHIC, KaK 3TO HMEET MECTO B YPaBHECHUSX
Maxkcsenna. HanpspkerrocTs MarautHoro noist H,, crosmas B neBoit
qacTH 1mepBoro  ypaBHeHmsi  (MoAepHum3upoBaHHoro  Ilepsoro
ypaBHeHHss MakcBemia), SIBISICTCS YacThi0 BCEH DICKTPUYCCKON
HANPSDKEHHOCTU pasoit yacTu BTOPOTrO YpaBHEHUS
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(MoaCpHU3NPOBAHHOTO Broporo YpaBHEHUS Makcsemnna);
HaIPsDKEHHOCTD 3JIeKTpu4ecKoro noist E,, crosmas B JI€BOH 4acTu
Broporo  ypaBHCHHMS, SABIACTCS — YACTBIO  BCCH  MArHUTHOU
HaIpPSDKCHHOCTH TpaBoi yactu [lepsoro ypaBHCHUS.

UroObl  moKa3aTh, YTO MOJYYCHHBIA pPE3yJapTaT HE CTOJb
TPUBHAJEH, KaK O3TO MOXET  II0Ka3aTbCsi C IIEPBOro B3I,
PaccMOTPUM YaCTHBIN Ciiydail, mpu Kotopom 0. # 0, B TO BpeMst Kak
H; = 0,T.c. TOK TCYET U MCHSICTCS BO BPEMCHHU, a MATHUTHOE IOJIC
OTCYTCTBYCT.

B camom germe, ecnu 3ICKTPUUECKOE MOJIC HAMIPABICHO BIOIb OCH
Z, a B INIOCKOCTH X) pacupeeaeH0 paBHOMEPHO, TO TOTAa

= 0; =0 (5.41)

rot,, = —————=0,0tkyga (5.42)

Hy + Hew= 0, (5.43)

T.¢. TMPOUCXOAWT TIOJHAS  KOMIICHCAIUS MArHUTHOTO  IIOJIA.
dakTHvecKH BCE BTOPOE YpaBHEHHE OOpaiaTcs B HYIb, a IEPBOE
YPaBHEHHUE OCTACTCS B MPEIKHEM BHIE.

AHaOrH4YHO, €CIM MArHUTHOE TOJIEC HANMPABICHO BOOIb OCH Z, A B
IJIOCKOCTH X PAcIpEAeiICHO PABHOMEPHO, TO TOTAA

OH oH,,
=0, —=0 (5.44)
oy ox

TO
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oH,« oH,,

rotH,, = —————=001xyzna (5.45)
oy ox

E,+Eyn=0, (5.46)

T.€. IPOUCXOAUT MOJHAS KOMICHCALUS 3JIeKTpHdIecKkoro momns. Toraa
MEPBOE YPaBHEHHE 00OpaIaeTcs B Hy b, 4 BTOPOE YPAaBHEHHE OCTACTCS
B MPEKHEM BHJIE.

B kxaxao¥ Touke MpoCcTpaHCTBA MPOM3OLILIA MTOTHAS KOMITCHCALIKS
MOJCH, BHYTPCHHEIO M BHEINHErO IO OTHOLICHHIO K JTHOOOMY
paccMaTpuBacMOMY OOBEMY, XOTSI U CKJIaJBIBACTCS HA MEPBbI B3I
MapaJoKcambHasl CUTYaUs. IPH HATMYUM MEPEMEHHOTO BO BPEMCHH
3JEKTPUIECKOr0 TOKA MAarHUTHOE IOJIE MONHOCTBIO oTCyTcTBYeT. Ha
CaMOM JEJI€ 3TO IOJIE MOTHOCTHIO CKOMIIEHCHPOBAHO B KAXIOH TOUKE
MPOCTPAHCTBA, U C€CIIU KAaKOH-TO 00BbeM MPOBOJHHKA W3BICYb, TO IO
IpaHULAM 3TOTO BBIHYTOrO 0OBEMa M B CAMOM OOBEME HEMEATICHHO
MOSIBUTCSI COOTBETCTBYIOIIECE MATHUTHOE TOIIE.

JKCIEpUMCHTANbHASL ~ MPOBEPKA  BBICKA3aHHBIX  IMOIOMECHUU
MOATBEPANNIA UX.

B sxcniepumenTe Obli1a MCMONTB30BaHA IIIOCKOCTh, HA KOTOPOIl OBLT
pasMelmieH  psig = OPOBONOYHBIX  KOHTYPOB, BKITFOUCHHBIX
MOCIIEJOBATEIBHO, YePe3 KOTOPHIE IPOITYCKAICS MEPEMEHHBIH TOK.
KonTypa co3maBanu nepeMeHHOE MArHUTHOE IIOJIE B OKPY>KAIOIIEM HX
npoctpancTee. Hag koHTypamu pa3mernanack H3MEPHUTEIbHAS PAMKA,
K KOTOPO#1 OBLT NOAKITIOUEH U3MepuTenbHbIi nputop. [lepekmoueHue
KOHTYPOB OCYWIECTBIILIOCH TaKUM 0Opas3oM, YTO IOOYEPETHO MOT
MOJKITIOYATBCS COOTBETCTBYIOIINN KOHTYP MPOBOJIOYHBIX KOHTYPOB.

JKCIEPUMEHT MOKAa3aj, YTO MO MEPE MOIKIIOYCHHS BHYTPECHHHX
MO0 OTHOLICHHIO K W3MepuTenbHON pamke koHTypoB JJIC Ha Heit
pacTeT, a MmO MeEpe IOCIECAYIOIEr0 MOAKIIOUCHUS BHEITHHUX IO
OTHOIICHUIO K pamke KOHTYpoB JJIC HaumHaeT yMeHbIIATBCI. ITO
0Ka3alloch CIPABEATMBBIM I BCEX pa3MepoB paMok. TeM cambiM
BBICKA3aHHBIC BBILIC IMOJOKCHMSI HAILIA CBOC MOATBEpAcHUE (pHC.

5.5).
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a) 6)

Puc. 5.5. Hsmenenne IIC Ha wu3MepHTeIbHBIX KOHTYpax II0 Mepe
yBeJIWdeHNsT 4NC/Aa MOJKIIOUAeMBIX TOKOHeCYIUX KOHTYpPOB: a —
pacronokeHre U3MEpPUTENhHBIX KOHTYPOB HA IDIACTHHE C TOKOHECYIIMU
KaTyIIKaMH, CO3JAONMMA MarHuTHoe 1oie; 6 — 3J[C Ha M3MepUTeIhbHOM KOHTYpe
10 Mepe TIOIKITIOYEHIST TOKOHECYIIINX KaTYIIeK

Craeayer OTMETHTB, YTO PACCMOTPEHHAS 337a4a ¢ PaBHOMEPHBIMHU
MyJIbCUPYOIIUMH BO BPEMEHH HOJISIMU HEMOCPEACTBEHHO C IOMOLIBIO
ypaBHeHHII MakcBenna HE MOXET OBITh PCEIICHA, TaK Kak B HUX
SJCKTPUYICCKUE W MATHUTHBIC HAMPSDKEHHOCTH B OOOHMX YpPaBHEHUSX
paBHBI MexAy coOOi, <CTOPOHHUX TOKOB» 3IECh TAaKKE HET.
[IpocneanTs (akT B3aMMHOI KOMITEHCALIUN COCTABIISIOMINX MOJICH IO
3TUM ypaBHEHUAM TpyaHO. HyseBol pe3yiprar kak pemeHue 3aJaqn
Ha OCHOBE ypaBHEHHII MakcBenaa BO3MOXEH JMIOb B TOM CIIyYae,
€CAM BCE COCTAB/LIIOIIME IMOJEHM M TOKOB PABHBL HYIKO, 4YTO
HNPOTUBOPEYUT UCXOJHBIM YCIOBHSM 33JaUH.

IlpuBeneHHBIE MOJEPHU3MPOBAHHBIE YPAaBHEHUS JJIEKTPOIMHA-
MHKH MOYTHU MOTHOCTBIO COBHAAAIOT C IMEPBBIMU ABYMSI YPaBHEHUSIMU
MakcBenna, ecinu paccMaTpUBaTh TPAHUILY PACIIPOCTPAHSIOMIETOCS B
MPOCTPAHCTBE OIS [IPU YCIOBUH, YTO 33 3TOW rpaHuLeH (B CTOPOHY
pacmpoCcTpaHEHHs) HET KCTOYHUKOB TMOms. Torga ypaBHEHHS
MPHOOPETAIOT BUA ypaBHEHUH MakcBemna:

0
rotH, 0 8. = (o +¢—)E, (5.47)
ot
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0
rotE, 0 é,=—u— H, (5.48)
ot

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

dB dB.
e=JEd = - S(—-—), (5.50)
dt dt

u npu B =B, e =0.

HHaekcsr «i» B «€» 03HAYAIOT «BHYTPCHHHUI» W «BHEIHUI». [1o
aHAJOTMH C 3aKOHOM JJIEKTpOMArHuTHOW wuHAykuvu Dapanmes Ha
OCHOBAHUH  VPAaBHCHHUSI  OJJCKTPOMATHHUTHOrO IO  MOXKHO
MPEUIOKUTD BRIPAXKCHUE AJT1 MATHUTOSICKTPUICCKON HHIYKI[HH

ot ot

(Hl) =S[o + &(

)L, (5.51)

rae S — miomagp KOHTYPa, OXBATHIBAIOIICIO MPOTEKAIIUN B CpeIe
TOK.

Otnuune OT 3aKOHA MOJTHOTO TOKA 37ECh TAKKE 3aKIIOYAcTCs B
YYETE BHEIIHUX OTHOCUTEIBPHO KOHTYpA IOJIEH.

PaccmorpuM  mporiecc  pacmpocTpaHEHHMsS OIS AIEKTPHYECKOI
WHIYKOUA B OpocTtpaHcTBe. PDakT pacmpoCTpaHCHHUS BUXPEBOTO
JIBIDKCHUSI SKMIKOCTU BJOJIb OCH BHUXPS TMO3BONSCT CHopMymTnpoBatsh
MOJIOKEHUE O TOM, YTO MOTOK BEKTOpPA BHUXPs, 4 COOTBETCTBEHHO U
MMOTOK MHIYKIUHU, BXOIAIINIA B HCKOTOPBIF 00BEM, HE PaBHBI TOTOKY
BEKTOpPa, @ COOTBETCTBEHHO U IOTOKY 3JJIEKTPUYECKOM HHIYKLINH,
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BBIXOAALICTO M3 O3TOro oObeMa, mOpu¥eM pasHula Oyaet

00yCIOBIMBATHCS 3ala3JbIBAHUCM IOTOKA BUXPS BAOIb 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 BbIBoy ypaBHeHHIT pacnpocTpaHeHNs YIeKTPIIecKoil
HHTYKIHI

Ecnau motok BekTopa anmekTprueckoi mHaykumu D ot 3apsima Q
HPOXOAUT Yepe3 MOBEPXHOCTh MapajieNnenurnesa co cropoamu 0OX,
dy, dz To morokm Bekropa D, mpoureamme wepe3 rpaHu, paBHBI
COOTBETCTBECHHO:

CKBO3b ONMKAHIIYIO PaHb

— Dxdydz (5.52)
CKBO3b JAJTBbHKOKO FpaHb
oDx oDx
(Dx + ——dx + ——dt) dydz (5.53)
ox ot

CKBO3b JIEBYIO I'PaHb
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— Dydxdz (5.54)

CKBO3b IPABYIO I'PaHb
oDy oDy

(Dy + ——dy + ——dft) dxdz (5.55)
oy ot

CKBO3b HMKHIOKO I'paHb

— Dzdxdy (5.56)

CKBO3b BCPXHIOKO I'PaHb
oDz oDz

(Dz+ ——dz + ——dt) dxdy, (5.57)
0z ot

CyMMupYys OTOKU Hepe3 BCE TPAHU U ACNS UX CYMMY Ha 00beM

MaPaJUICICIIUIIC A, HAXOINM:

oDy oDy oDy oDy oD, oD,
+ + + + + = p, (5.58)
ox G ot oy Got 0z ot
e
¢x = dX/dt; cy= dy/dt; ¢~ dZdt, g9)
U, TAKUM 00pa3oM,
oDy oDy oD,
divD + + + = p, (5.60)
cot G ot Got
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1 1 1 1
= + + (5.61)
Cz sz Cyz sz
nimn
oD
divD + — =p, (5.62)
cot

YTO OTJMYACTCS OT TPEThEro YpaBHEHUS MakcBesIa HATMIUEM YIICHA
oD/cot.

Henenus Bexropa D Ha BEeKTOp ¢ HE TOKHO CMYIIATH, TaK Kak 00a
STH BEKTOpa — OJCKTPHUYECKOrO CMEUICHUSI M CKOPOCTH €ro
MPOJONBHOrO PACHPOCTPAHCHHS KOJUIMHCAPHBI, T.C. HAMPABICHBI
CTPOro B OJHY U Ty K€ CTOPOHY, X OTHOLICHUE — CKAILAP.

IMonyuennoe auddepeHuaapbHOS YPaBHCHHUE TICPBOI CTCIICHU TIPH
p = Oumeer perenne

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

T.€. 3TO BOJHA, & CaMO YpPaBHEHUEC — BOJHOBOC YPABHEHHC MEPBOU
CTCIICHH M OTPaXkaeT MPOAOIbHOE PACHPOCTPAHCHUE BOJHBI.

Teopema T'aycca mpm 3TOM HECKOMBKO BHAOHU3MCHSICTCS U
MpHOOpETAET CAeayomYIo hopMy:

®e = [D(t —r/c)dS = q(t). (5.64)

Ha pumc. 5.7 mnokazaHo mnOpoJONbHOE  PACHpPOCTPAHCHHE
3MEKTPHYECKOTO OIS B CITy4ae MyIbCHPYIOMETO 3apsaa.
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PYEr)

q)

a 0)

Puc. 5.7. IlocrpoeHne BeKTOpa IIOTOKAa IUIOTHOCTH MONIHOCTH IIpU
MPOJ0ILHOM PACTIPOCTPAHEHNH YIEKTPHIECKOT0 MOJsI: @ — U ITyTECUPYIONIET0
3apsiaa; 6 — YISl JIATIONS

ITockonmbKy TOK B CPEAC paCIPOCTPaHsETCS B0 moToka D u ero
IIJIOTHOCTD 0 npornopuruoHalbHA D, TO A IINIOTHOCTH TOKa
COpaBeaINBO COOTHOLICHHE

00
dive + — =0, (5.65)
cot

OTKyJa CJICAYET, YTO
0= 90 (t-rlc), (5.66)
T.€. PACIIPOCTPAHEHUE TOKA B CPEJAE HOCUT BOJHOBOI XapakKTep.
JlaHHOE TOJOXKEHWE NPOTHBOPEUUT H3BECTHOMY CTATHYECKOMY

3akoHy Kupxroda o ToM, 4T0 cCymMMa BCEX TOKOB A JTHOOOH TOUYKH
3JIEKTPUICCKO LenH B Tr0001 MOMEHT BPEMEHH PaBHA HYIIIO, T.€. YTO

nea =
I
o

(5.67)

N3 ypaBHenms ke 5.63 BeITekaeT, uTo 3akoH Kwupxroda
COpaBEeAJIMB JIUIIb B CPEAHEM, HO B KQXKIBIA MOMECHT BPEMCHHU
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% li# 0. (5.68)
i=1

MOCKOJIBbKY BOTHOBOH IPOILIECC MOAPA3YMEBAET CKUMAEMOCTh TOKA.
Jns mpoBEpKH TAHHOTO MONOXKEHUS OBLT MPOBEICH SKCIEPUMCEHT
o cxeme puc. 5.8.

6 !

10 J

a

Puc. 5.8. DxcmepnMeHT mo ompefe/ieHHI0 (paKTa CKIMAeMOCTH TOKa: a —
cXeMa OTBOJIOB OT ITPOBOJIHHKA; 6 — IMITYIIBCHI, BOSHHUKAIOIIUE Ha OTBOJIAX

JBa mpoBoaa MIMHON KaKIBIA IO HECKOIBKO METPOB ObLIH
MOJKITFOYCHBl K WCTOYHUKY TOCTOSHHOTO HampspkeHUs (0OBIYHOMN
Gartapeiike). OT KaK1I0ro U3 MPOBOIOB OBLIM CACTAHBI OTBOIB! uepes 1
M. [IlpoBoma meproOAMYCCKH 3aMBIKATUCH KOHTakTOM. (OTBOABI
MOK/TIOYATUCH K BBICOKOYACTOTHOMY 3JIEKTPOHHOMY OCHULTOrpady.
Npest skcrepuMeHTa 3aKIIOYAIACh B TOM, YTOOBI OMPEACIHUThH, KaK
PacTeKaeTCsl TOK 10 MPOBOAY IMPY 3aMBIKAHUU IICTIH, HA PA3MKHYTHIX
KOHI[aX KOTOPOI HaXOMUTCS MONHAS PA3HOCTh HOTCHIIUAJIOB.

B pesynbraTe mpoBeaeHUS 3KCICPUMEHTA BBISICHHUIOCH, YTO IPHU
3aMBIKAHUM KOHTAKTa Ha ONKHHUX K HEMY OTBOJAX  BO3HUKACT
OCTPBI HMMITYJIbC, AMILTUTYAOH IMOYTH B TIOJHOC HAMNPSKCHHC
WCTOYHMKA, HA CIACIYIOIUX OTBOJAX O3TOT HMITYJIbC OKa3bIBACTCS
MCHBIIE [0 AMILIUTYAC, HO IIUPE MO BPEMEHH, HA CICAYIOLIUX CIIC
MEHBIIE 110 AMILIUTYAC U CIIC ITUPE IO BPEMCHH.

Taxum 00pa3zom, GakT C:KUMACMOCTU TOKA OBLIT MOATBEPIKICH.
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Ilpy HAMMYMK HECKOMBKUX 3apSI0B B CPEIAC OT KAKIOTO U3 HUX B
KQKJIOH TOYKE CPeasl OYAET UMETh MECTO CYMMHPOBAHHEC BEKTOPOB
HaNPsDKEHHOCTEW JIEKTPUUECKOTO MO :

n
Er = XE (5.69)
=1

Ecan xa)xasrii u3 3apsa0oB H3MCHSCT CBOC 3HAUCHUC BO BPECMCHU T10
CHHYCOHIAJIBHOMY 3aKOHY, TO

n i[w(t - r/c)]
Es = LEe (5.70)
k=1

rae | = +/=1, Iy — pacCTOsTHIE OT TOUKK CPEIbI 0 IICHTpa 3apsa.
ITockoapky IIOTHOCTH TOKA, HM3IYYaEMOTrO B CPEOy, CBs3aHA C
HAIMPSHKCHHOCTHEO BEIPAYKCHUEM

0 = (0 + weg)E, (5.71)

rJ¢ 0 — yAehbHAs MPOBOAMMOCTE cpeasl, = 2uf, f —uactora, & —
JUDJICKTPUUCCKAs TPOHUIAEMOCTh BaKyyMa, & — OTHOCHUTCIbHAS
MPOHMIIACMOCTh CPEIBI, TO UMEEM

i@(t —Klc)]
S (5.72)
1

Q'a
M:

k=

B cmywac gByX  3apsAoB  (M3MYyUAOIIUX  DJICKTPOJIOB),
OYJIbCUPYIOIIUX C  OJWHAKOBBIMH ~ AMIUIATYAOW ©  4aCTOTOM,
U3MYYAIOIMX B CPEAY OAMHAKOBBIA IO BCIMYMHE TOK, HO B
nporusodase (JUIosp), UMEEM:

ip(t — r/c)] ip(t — r/c)]
oX =0, € -, e . 513)
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I'lo ocn CUMMCTPUUN AUIIOJISA UMCEM
|61]=102]; 11 =r2. (5.74)

B sTOoM criyuae cyMMapHBIi BEKTOP TUTOTHOCTH TOKA OKa3bIBACTCS
MCPICHANKYISIPCH HANPABICHUIO PACIPOCTPAHCHHS BAOIb OCH
CHMMCTPUH JWIONSA. BJONbE OCH AWMITONS WMEEM TIPW PACCTOSHUN
Mexkay sapsgamu (dmekrpogamu) d = A/2, rae A — anuHA BOIHBI B
cpene, onpeaensieMast Kak

A o=clfc =clNe (5.75)

3aech ¢ — CKOpOCTh PACIpPOCTpaHCHUS TOKa B Cpeae, € -
OTHOCHUTCJ/IbHAA JUIBJICKTPUICCKAd IMTPOHULIACMOCTb CPCAbI.

[T1OTHOCTE TOKA HA M3TYYAIOLIEM JICKTPOAE, MMCIOLIEM ILTOLIAb
M3IYYCHUS S COCTABIISCT

o =10 /S (5.76)

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

S
o =5y —. (5.77)
4r 2
BI[OJ'II: OCH JUITOJIA IIJIOTHOCTh TOKA COCTABUT
| 1
or = [+ ]. (5.78)
4rry? 1+/2r

3mech ; — PacCTOSHHUE BAONb OCH JUMONS OT OMKANIIEro
3JICKTPOA.

Tok, wWcTCKaOMmMMUA W3 KAKIOTO BICKTPOJA  OUTMONS  C
COCPCIOTOUCHHBIMH MapaMETPaMU, PaCHpOCTPAHICTCS PaIdaIbHO BO
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Bce CTOpoHBI. W ecnmm m3BeCTHA BEMTMYMHA 3TOTO TOKA, TO IJIOTHOCTH
3TOr0 TOKA B KAXAOH TOYKE CpEAbl  OMPEAEISETCS IPOCTBIM
COOTHOLICHHEM

S, = o 19)
r

Cnenyer oOpaTUTh BHHMAaHHME Ha TO, YTO IUIOTHOCTH TOKA, ITO
KpaiiHeli Mepe, B OmKHEH 30HC OT HMCTOYHHMKA OKAa3bIBACTCS
HE3aBHCHMOW HH OT CBOMCTB CpPEAbI, HH OT BPEMEHHBIX ITAPAMETPOB
camMoro Toka. OOBIYHBIM BO3PaXKCHUEM 3ACCh SIBILICTCS HATUYHC
morepp B cpexe. OpmHako ciexyeT HANOMHHTB, YTO TOK,
MPOMYCKACMBIA Yepe3 OOBIYHBIN PE3UCTOP, HA €r0 BBIXOAC HMEET
POBHO Ty K€ BEIWYHHY, YTO M Ha €r0 BXOJE, HECMOTpPS Ha IOTEPH
SHEPTUM B 3TOM PE3UCTOPE, KOTOPBIE BBIPAXKAKOTCS TOM WU HMHOU
BEJIMYNHON NMAJCHUS HAPSDKEHHS HA PE3NCTOPE.

CKOpOCTh pacmpoCTpaHCHUS TOKA OYICT TOH K€, YTO U CKOPOCTh
pacnpocTpaHEHHS IEKTPUUECKON HHIYKIHH, T.€.

emp=cl Ve (5.80)

O ¢ — CKOpOCTh CBETa B BaKyyMe, a & — OTHOCHUTCIbHAsS
JAUDJICKTPpUUICCKAd IMMPOHUIacMOCTb CPCABI.

Jnst AUMONst ¢ COCPEIOTOUCHHBIMU MapaMETPaMH, COCTOSIIErO U3
JBYX 3JCKTPOAOB, ILIOTHOCTh TOKA B OMMIKHCH 30HE ONMpPEACISCTCS
myTEM Ir¢OMCTPHUICCKOI0 CYMMUPOBAHNUA COOTBCTCTBCHHO ABYX TOKOB
C Yy4CTOM, HUX 3HAKOB H 3ana3AblBaHUS. | % k3 CYMMHUPOBaHUSA TOKOB
BHUIHO, YTO PACHPOCTPAHCHUC UACT OT AUIIOISA BO BCC CTOPOHBI, IIPU
3TOM 110 ocHu CUMMCTPpUN JUTI0JIA BOJIHA 3HCKTqueCKOﬁ
HAMps>KCHHOCTU PACHPOCTPAHACTCA B IOINCPCYHOM HAIIPaBJICHUH, a
BAOJb OCH JMIONs — B mpojombHOM. [locmegHee 0OCTOSTENBCTBO
CBSI3aHO C TEM, YTO Ka)KJasi TOYKA BAOIb OCU JUIONS PACIIONIOKEHA HA
Pa3HbBIX PACCTOAHUAX OT IJICKTPOAOB H IIO3TOMY HAIIPAXKCH-HOCTDH
OIS OT OJVDKHETO 3EKTPOAa B HeH OyAeT Oonblie, YeM OT JANbHETO
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3JEKTpOAa. IJTa Pa3HOCTh HANPSDKCHHOCTEH I CHMMETPHYHOTO
JWIOMSL C PACCTOSHHEM Mexay osaekrpomamu d  cocraBUT [uist
ITOCTOSTHHOTO TOKa

i i (2rd + &)
58 = 581 + 582 = - = y (581)
M2 A+ dR dur?(r+d)>

rac I —pacCTosHUC OT TOYKH 10 OAMKHETO SJICKTPOAA.

Ecmu d <<r, TO

So=—— (5.82)

IpeacraBaser crienUanbHBINA HHTEPEC CITyUA U3ITYyUCHUS JUITOICM
MEPEMEHHOTO TOKa, mpu kotopom d = A2, tae A — anmHA BOTHEBI
9JICKTPUYCCKOrO MO B CpeAc. B oToM ciydae K TOMY MOMCHTY,
KOTJa BOJHA OT JallbHErO OBJCKTPOAA JOCTHTHET — OJIMKHETrO
9JICKTPOJA, HANPSKCHHEC HA  ONMIKHEM  DIICKTPOAC  HU3MCHUT
MOJISIPHOCTh HA TIPOTHBOTMIONOKHYIO U Jdanice OyIeT pacipoCTPaHIThCS
HC Pa3HOCTb BICKTPUUCCKUX HATIPSHKCHHOCTEH, a UX CyMMa.!

[ i i 2r%+ 2rd + d)

58 = 581 + 582 = + = y (583)
A2 4u(r+d)? 4rr® (r+d)?

gro pu 0 << mpUBEAET K COOTHOLICHHIO

J. = : (5.84)

T.C. HC K Ky6I/I‘ICCKOMy, a BCCro JIMIIb K KBAAPATUIHOMY 3aTYXaHUIO
HAMps>XXCHHOCTU IO PACCTOAHUIO.
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[IpoBeneHHbIE SKCHOEPUMEHTH NOATBEPIAMINA HPH BBIIOIHCHUN
MPHUBCACHHBIX BBILIC YCIOBHHA HAIHUYUE 3ICKTPOMATHUTHOU BOJHBI,
HATPaBICHIS PACIPOCTPAHCHHUS KOTOPOW M HANpPaBICHUE BEKTOpa
IJIOTHOCTH TOKA M BICKTPUYECKOW HAMPSDKCHHOCTH COBMAJAIOT.
Vpasuernsimu MakcBenia Takoi BapuaHT HE IPEXYCMOTPEH.

HeoOxomumMo OTMETHTB, YTO MOAOOPOM PACCTOSHUS MEXKAY
3JCKTPOJAMU MOKHO JOOUTBHCS TOr0, YTOOBI OCHOBHAS MOIIHOCTH
pacmpocTpaHsiiack HE B IONEPEYHOM, a B MMPOAOIBLHOM HANPAaBJICHUH,
Y YTO IUTOTHOCTh TOKA B CPEAC HE 3aBHCUT HU OT MapaMETPOB CPEIHI,
HU OT IUIOAJW BJICKTPOXOB, HU OT YACTOTHI TOKA, & TOIBKO OT
BEJIMYHMHBI U37Ty4aEMOro TOKa.

Hns npumepa Ha puc. 5.9 mpuBeAcH SICKTPUUCCKHI IUIOND C
COCPEAOTOYCHHBIMU MAapaMeTpaMH, JUIsi KOTOPOTrO  BBITIOJHEHEI
HEOOXOJMMBIC TOCTPOCHUS BEKTOPOB MMOTOKOB MJIOTHOCTH MOLITHOCTH.

(]

E E B

Puc. 5.9.I/Imyqeﬂne SHEPIrum JUI10JIeM € CoOCpeI0TOYECHHBIMU ITapaMeTpaMu

W3 mocTpocHuii creayer HE TPUBHATBHBIA BBIBOJ O TOM, HTO
JUTOb C COCPECIOTOYCHHBIMH IMapaMeTpaMH CIIOCOOCH W3Ty4aTh
SHEPTUI0 BIOJAb CBOCH OCH, YTO, OC3YCIIOBHO, MPOTHBOPCUYUT
BBIBOAAM, BBITCKArOIMMM w3 ypaBHeHHMIT Makceemna. W3 pucyHka
BUIHO, YTO BJOJIb OCH JHUIOJS BEKTOPHl MOIMHOCTH, CKOPOCTH
pacupoCTpaHEHUsI M JJIEKTPUUECKON HANPSsLKEHHOCTU COBHAJAIOT IO
HANpaBJICHUIO C HAMNPABJICHUEM OCH JUIONS, a MONEPEK OCH JUIIOJNS
BEKTOP MOIIHOCTH U BEKTOP HANPAaBJICHUS PACIPOCTPAHEHUS JEXaT B
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IJIOCKOCTA CHMMETPHUH JTUIONSA, HPHYEM BEKTOP JSJIEKTPHUUECKON
HaIPsDKEHHOCTH TApaUIEIeH OCH JWNONS W MEPICHAUKYIIPEH
HAIIPABICHUIO PACIPOCTPAHEHNUS MOITHOCTH.

Kax Ob110 mOKa3aHO BHILIE, IPU PA3BUTUH 3IEMEHTAPHOH TPYOKH
3JEKTPUUECKOTO IO B IPOJOIBHOM HAIPaBICHWH HA €€ TOpIE
MOTOK 3(upa HmepeMeIlacTcs B HAIPABICHHUHY, IEPICHANKYISIPHOM €€
ocu. CnenoBaTenmpHO,  Pa3BUTHE  JJICKTPUYCCKOTO  MOIS B
MPOCTPAHCTBE BO BCEX HAIMPABICHUAX OYACT MNPOHUCXOIAUTh CO
CKOpPOCTBIO OMHAKOBOM M PABHOM CKOPOCTH PaCIpPOCTPAHEHHS CBETa
B JAaHHOW Cpexe, HE3aBHUCHMMO OT 3HAYEHHsS BEKTOpa IIOTOKa
IJIOTHOCTH MOIIHOCTH.

MarautHass WHIYKOWMS B CPEJE PACHpPOCTPAHSIETCS WHAUES, HeM
JJEKTPUYECKass  WHAYKOWA, a  WMEHHO  IEPHEHIUKYIIIPHO
HanpasieHuio Bekropa. CneqoBaTensHoO, 11 BeKTopa 3 cripaBeannBbl
CJIEIYIOIINE COOTHOIIECHUS!

divB = 0; (5.85)

ograB
divgraB+ —— =0. (5.86)
cot

3aKOH MOTHOTO TOKA JJsi MANbIX HAMPSIYKCHHOCTEH MAarHHTHOTO
OIS CIEAyeT mpeoOpas3oBaTh K BUAY:

it) = JH(t —r/c)dl = degt)/ctt. (3)8

INpu dopmynupoBKe 3akOHA IMOTHOIO TOKA CICAYET y4ecTh (axT
CKHUMaeMocTH  3¢dupa, CIeI0BAaTENBHO, CXKHUMAEMOCTh ~ CaMOro
MarHUTHOTO IOJISI ¥ U3MECHCHUE 3aKOHA THIEPOOTHMYCCKOrO YObIBAHHMS
HAINPSDKCHHOCTH MArHUTHOTO ITOJIsE BOJTM3H IPOBOJHUKA.

C y4eToM H3I0KCHHOTO VPaBHEHHS 3JICKTPOMATHUTHOIO ITOJIS
MPHOOPETAIOT BUA:
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0
1) rotH, 0 d.=(c+e— )E,+Epuit Env) (5.88)
ot
0
2)rotE, 0 6y=—u— (Hy+Hen + Hew) (5.89)
ot
3) divD + oD/cot = p; (5.90)
4) div de + odelotc = 0. (5.91)
5) divB = 0; (5.92)
6) divgradB + o(grad)/otc = 0; (5.93)

HHTerpanpHeIe BRIpaXKEHUST IPUOOPETYT BUA:

1) e = [E(t—r/o)dl = - dd,(t)/dk; (5.94)
2) e, = JH(t —r/c)dl =i(t) = dq(t)/dt; (5.95)
3) & = [D(t —r/c)dS = q(t); g6)

4) @, =[BdS = 0. (5.97)
3gecr e u e, — JJICKTPUYECKAsT M MarHuTHasg pas3HOoCTh

MOTCHIHATOB, @D ¥ @D, — DICKTPUUCCKUN ¥ MATHUTHBIA MMOTOKH; | —
3IIEKTPUUECKUA TOK B MPOBOJHUKE; ( — 3apsi, MEPEeMEIIAIOLTUNCS B
HATPABJICHUM DJICKTPHUUCCKOTO TOKa (HAMPABICHHOC TMCPEMEIICHIUC
npuaaet emy GopMy BEKTOpa).

IlepBoc BBIpaxkcHHe — 3akoH Dapages 3JICKTPOMArHUTHOU
WHIYKLUAYA U BTOPOE - 3aKOH MOJTHOTO TOKA OTJIMYAOTCS OT OOBIYHBIX
HAJIMYHCM B HUX 3alla3IbIBaHHUS.

IlpuBeacHHBIC BBHIINC  YPAaBHCHUS  3JCKTPOMATHUTHOTO MO
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YACTHBIM PCHICHHEM WMCIOT ypaBHCHHMS MakcBemia, CrpaBeITUBEIC
JUTSL JICKTPOMATHUTHOTO BOJIHOBOTO (DPOHTA, OJHAKO B PSIC CIyUaACB
MTO3BOJIAIOT PEUIMTH HEKOTOPBIC 3aa49M, KOTOPBIC HEAB3s PCIIUTH HA
OCHOBC MaKCBC/UTOBCKHMX YPABHCHUIA, HAPUMED 33734y 00 U3MYUCHUS
JUTIONI C COCPCAOTOUCHHBIMH TMapaMeTpaMH B TONYIPOBOIAIICH
cpene. [lpu BhIMONHCHUM Psiga YCAOBHI B TAKOM JWIOJC OCHOBHAS
IO DHEPrUU  OyJEeT PaCHpOCTPAHATHCS HE B TOMCPCUHOM
OTHOCUTCITBHO BekTOpoB E u H HampaBicHWM, a B HaNpaBICHUN
Bektopa E  w mepneHaukymsipHo BekTopy H. OTO mpomoipHOE
pacnpoCTpaHCHUE SICKTPOMATHUTHOTO MO MPAKTAYC-CKU CINE HE
H3YUYCHO, XOTS U MOATBEPIKACHO SKCTICPUMEHTAIBHO.

HeobxomuMo OTMETHTH, YTO YKAa3aHHBIM BBIIIC  BOBCE  HE
3aKaHYMBACTCS YTOYHCHHE YPAaBHCHUH 3ICKTPOMATHHUTHOTO TIOJS.
ITOT TPOIECC AOMKCH MPOAODKATHCA BCE TO BpPEMs, MOKa OyIeT
BO3HHMKATh HYXJAa BO BCE OONEC IMOMHOM PCUICHHU TPUKJIAHBIX
3a1a4.

Taxum 06pazom, 3GpUPOAMHAMUUCCKIES TTPEACTABACHUS TTO3BOISIIOT
YTOUHUTH (HOPMYITHPOBKHU HICKTPOMArHETH3MA B HEKOTOPBIX CITydasx
CymiecTBeHHbIM 00pa3oMm. [IpoBencHHBIC YTOYHECHHS HH B KOCM
cly4yac HE SIBISIOTCSA MOMHBIMH. OnrcaHue 3ICKTPOMATHUTHOTO OIS,
KaKk W Ja000ro  (pU3MYeCKOro SBICHHUS, MOXET YTOUYHSATHCS
OCCIPEACTbHO TT0 MEPE YBEIHUCHIS YHCTIa CTOPOH M CBOMCTB TOJICH,
OXBATHIBACMBIX MOJCIAMH, TIOCKOJBKY OOINEE YHCIO CTOPOH M
CBOMCTB JTH000r0 SBJICHUS OCCKOHCUHO BEIUKO.

5.3. Bugbl aneKTpOMarHMTHOro U3ny4YeHus

[IpuBeaem 1uraty U3 cTatbu «IJICKTPOMATHUTHBIC BOIHBI»,
moMereHHo bompimoit coBerckoit summkmoneauu (u3a. 3<, 1. 30,c.
67). Cceiika Ha JaHHBIH MCTOYHHK HY)KHA [JISI TOTO, YTOOBI
MPOAEMOHCTPHPOBATh O(QUIIMATBHBIN B3I COBPEMECHHON HAayKH Ha
MPHUPOAY SJICKTPOMATHUTHOTO U3TYUCHHUS.

«JJCKTPOMArHUTHBIC BOJHBI, 3JICKTPOMArHUTHBIC KOneOaHWs,
pacmpocTpaHsIOmuecss B MPOCTPAHCTBE C KOHEYHOH CKOPOCTBIO.



146 T'i1aBa 5.

CymecrBoBanue J. B. Obuto mpeackazano M.dPapaaeem B 1832 r.
Jbx.Makceenn B 1865 r. Teopermuecku  mokasaja, — UTO
SJICKTPOMATHUTHBIC KOJNCOAHHS HE OCTAIOTCS IJTOKATN30BAHHBIMU B
MPOCTPAHCTBE, & PACIPOCTPAHSIIOTCS B BAKYYME CO CKOPOCTBIO CBETA €
BO BCC CTOPOHBI OT HCTOYHHMKA. M3 TOro oOCTOSATENbCTBA, HTO
CKOPOCTbh PacCHpOCTPaHEHHUS J. B. B BAKyyME paBHAa CKOPOCTH CBETa,
MakcBenn caenan BeIBOM, YTO CBET HMpeACTaBisieT codoii J. B. B 1888
T'. MAKCBEJJIOBCKAs TCOpHUs 3. B. MOTYYMIIA MOATBEPHKICHHIE B ONBITAX
I''T'epua, uTo CHIrpaIo PEINAIOIIYIO PONb IS €C YTBEPKACHHUS.

Teopuss Makcenna mHO3BONMHIA EAMHBIM 00pa3oM HOAOHTH K
ONHCAHUIO PAJHMOBONH, CBET4, PCHTICHOBCKUX Jy4eii W ramma-
n3nyueHus. Okaszanock, 4TO 3TO HE M3MYUYCHUS PA3TUIHON MPUPOIHI,
a 9. B. ¢ pa3nuIHOMN AJUHOHN BOJIHBI.

...OcoberHocT  J. B. W 3aKOHBI HUX BO30OYXKACHHUS U
pacnpocTpaHEHUs OMHICHIBAIOTCS MaKkcBeia ypaBHCHUSMI.

Takum 00pa3oM, OCHOBHBIM HPU3HAKOM TOro, 4YTO BCE
MEPCUNCIICHHBIC BHUABI H3MYYCHHUS HMCIOT CIAWHYIO MPUPOLY»,
MOCTYKUJIO TO OOCTOSTENBCTBO, YTO BCE OHHM PACIPOCTPAHSIIOTCS C
OJUHAKOBOU CKOPOCTBIO — CKOPOCTBIO CBETA, M 3TO A0 OCHOBAHHE
JUTSL BX €IUHOOOPA3HOro onucaHus Ha 0ase ypaBHeHHT MakcBeria.

Caeayer OTMETHTB, 4YTO TakKoro OOOCHOBAHHs COBEPLICHHO
HEJOCTATOYHO M1 TOTO, YTOOBI MEPCUUCICHHBIC BUABI M3TYUCHUI
OTHOCUTh K obmelt mpupone. OOmas CKOpocTh pacmpoCTPaHECHUS
MOKET SIBJSTBCS CJACACTBUECM HEKOTOPOTO o00ugezo ceoiicmea
pas3nUYHBIX BUAOB H3MY4YCHUH. TakuMm CBOWCTBOM MOXKET OBITB,
HAmpUMEp, CBOWCTBO CpeAbl — BS3KOCTH 3(upa, KOTOpOe
oOecrieunBacT mepenavy MOMEPEYHOro IBMXKCHHUS IMOTOKa 3(upa
cocemHuM crosM. Eciu B CTpykType pasHBIX BHIOB H3TYUCHHS
MPUCYTCTBYCT OSTOT BHJ JIBHIKCHHUS, TO, XOTS OTH BHIBl Pa3HBIC,
CKOPOCTb HX PacIpOCTPAHCHHS OYAET OAMHAKOBOIA.

['maBHBIM TpPH3HAKOM, MO KOTOPOMY MOXHO 00O00INATh TE WU
WHBIC BUIBI M3IYUCHUA, MO/DKHA OBITH MX BHYTPCHHSS CTPYKTYypa.
TonapKO OAMHAKOBOCTH CTPYKTYPBI MOXKET SIBUTHCSI OCHOBAaHUEM IS
OTHECEHUSI U3ITYUCHUS K ODHOMY KIJIACCY SIBIICHHM.
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O ToM, B Kakyr OLIMOKY MOXKHO BIIACTh, IPSIMO CBHICTEIBCTBYCT
OTHECEHUE 3JICKTPOMATHUTHOTO U ONTUYECKOT0 U3IYUCHHH K 00ImeMy
KJIacCy SBJICHUH.

B HacTosmee BpeMs CymIeCTBYET MHOKECTBO HAYYHBIX TPYIOB, B
KOTOPBIX Ui ONHCAHMS ONTHYCCKUX SIBICHUH HCIOJb3YIOTCS
ypaBHeHHs1 MakcBenna 371eKTpoMarHuTHOro nonst. OZHaKko MpakTHKA
HE TMOATBEPAHNIA MPAaBOMEPHOCTH Takoro moaxona. Oxazamock, 4TO
MPOHUKAIOMAS CIIOCOOHOCTh CBETAa B MONYNPOBOAAINEH cpeme —
MOPCKOI BoJe, 00Iaaaronell 10CTaTOYHO BBICOKOH MPOBOAMMOCTBIO,
o KpaiiHen Mepe, Ha 1Tk (!) mopsiIKOB HE COOTBETCTBYET pacyeram,
MPOM3BEACHHBIM HA OCHOBAHWM YPaBHCHHII MakcBemna: CBET B
MOpPCKOI M OKeaHCKOW Boxae mpoHukaeT Briyor Ha 100-150M, B TO
BpeMsI Kak, UCXOJs M3 MapaMeTpoB cpelbl U ypaBHeHHH Makcsemna,
OH JODKCH MPOHHKATh B MOPCKYIO BOXY HE Jajce YeM Ha JOJH
MUJLTHMETPA.

Hns conmpspkeHHsI TEOPHH M MPAKTUYECKHX PE3yIbTaTOB ObLIN
M300pETEHBl  pa3iM4YHbIC HCKYCCTBCHHBIC IPUEMbI, HAIpPUMED
BBIIBUHYTO MPEANOJIOKEHHE O TOM, YTO Ha BBICOKHX YacCTOTaxX
MPOBOAMMOCTh BOJBI TAJACT, U 3TUM OOBACHSIIOTCS MOTYUCHHBIC
pesymbratel. Ho u 31ech pacyeTsl HHUKAak HE TMOATBEPKAAFOTCS
(HU3MUCCKUM MEXaHU3MOM SIBJICHHSL.

Takum  obOpa3om, B  BOmpocax O  paCIPOCTPAHECHUH
SJEKTPOMATHUTHOTO HM3IYYCHUS [0 HACTOSIIETO BPEMCHH HET
JOKHOH sicHoctd. OHako 3pupoarHAMHYECKUN TOAXOA MO3BOJSET
XOTs. OBl B TMEPBOM NPUOMIKECHUM MOHSTH CTPYKTYPY Pa3THIHBIX
BHIOB H3IY4YCHUsS, M YK€ U3 ITOr0 JeiaTh pPa3TUIHBIC BBIBOJBI.
BeisicHUOCh, B YaCTHOCTH, YTO HYXXHO pasiuyarh MO KpaiiHe mepe
ISITh BUJOB H3MYYCHHS BCIICCTBOM OHEPTMUM BO  BHCIIHEE
MPOCTPAHCTBO:

- KBa3UCTATHYECKOE MOJIC TOKOB PACCESHUS,

- IPOJOBHYIO 3JICKTPOMATHUTHYIO BOJHY;

- MIOTICPEYHYIO 3JCKTPOMATHUTHYIO BOIHY,

- (poToHHOE M3TYyUCHHUE:

- AypPUYECKOE U3TYyUCHUE.
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IlepBbic Tpu CBsI3aHBI MEXIYy COOOH M JCHCTBHTEIBHO MOTYT
paccMaTpuBaTHCA KaK pa3JINYHbIC KpaﬁHHe crydanl OAHOIO U TOro KC
BHJA H3IyYeHMH — dJeKTpoMarHuTHoro. KBasmcrarmdeckoe momne
TOKOB pACCCSHUsA, TPOAOIbHAS M TMOMCPCUHAS SJICKTPOMATHUTHBIC
BOJIHBI MOryT paccMaTpuBaThCA KakK YaCTHBIC cirydan
QJICKTPOMArHuTHOr0  M3JIY4YCHUA OUIIONId € COCPCAOTOUYCHHBIMU
mapaMeTpaMu B MOTYIIPOBOASILICH Cpeae.

@DOTOHHOE M AYPHUECKOE M3IYUCHHUS MMEIOT MHBIE CTPYKTYPHI U
no4 BUJ SJICKTPOMArHuTHOIO U3JIYUCHHUA HC MOATIaAAr0T.

Hmwxe paccMOTpeHBI CTPYKTYpPBI MEPBBIX TPEX H3IYUCHHH,
aypUYecKOe U3NydYCHUE OBIJIO PAcCMOTPEHO BhIINE, B TIaBe 6,
(dotoHHOE paccmaTpuBaeTcs B 1. 9.

5.4. KBa3uctarnuyeckoe norsie TOKOB pacTekaHus

KBasucratndaeckuM IosieM TOKOB PACTEKAaHUS CUHTAETCS CIIydai,
KOrJa AJTUHA 3ICKTPOMATHUTHON BONHBI COU3MEPUMA C PACCTOSTHUCM
OT MPUEMHUKA IO UCTOYHMKA THOO mpepbimact ero. C TOUkH 3peHust
3(UpPOIMHAMUKHA 3TO 30HA, B KOTOPOH OJJICKTPOMATHHUTHAS BOJHA
MPOXOJDKACT TMOAMMUTHIBATECS OT HCTOYHHKA. lloaTomy 3aTyxaHue
aAMIUTUTYABl C YBCIHMYCHHUEM PACCTOSHHUS 3[ECh 3aBHCUT TOJBKO OT
TEOMETPUH U MAJIO 3aBHCHUT OT CBOWCTB CPEIbl H YaCTOTHI TOKA.

OueBHIHO, YTO OCHOBHAS MOIIHOCTD M3ITYYCHUS 3aTPAuUBaCTCS HA
OmpKHIOIO 30HY. B momympoBomsmeil cpeme 3Ty 30HY MOXKHO
HUCKYCCTBCHHO  HCKIIOYHTh, YCTAHOBHB MCEXKIY  SJCKTPOAAMHU
INIACTUHY W3 HM30/IHOHHOTO MAaTEpHaNa M IEPEPACIpPeNeuB TEM
campiM 1ok (puc. 5.10), cymmecTBEHHO YBEIMYHB JAATbHOCTH
PacIpoCTpaHEHHs TOKOB PaCcCESHUS.
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Puc. 5.10. Ksa3sucrarnmueckoe H3JIyYeHue TOKa TITI0JIEM [
COCpeIOTOYeHHBIMI TIapaMeTpaMIl: a — 0e3 M30IHPYIONIeil Ieperopojku; 6 — ¢
M30JIMPYIONIEH Teperopofkoii MeXay DIeKTpoJaMd JUIONS; B OSTOM CITydae
MOITTHOCT TTepepacIipeieNsIeTcs] B JATHHIOK 30HY

Craeayer Taxoke yYUTHIBATh, YTO MOTCPU SHEPTUU B ONMIKHEH 30HE
MPSIMO 3aBUCAT OT IUIOMIATH 3JIEKTPOIOB, MOCKOIBKY COMPOTHBICHUE
Clost cpeapl BOMHM3M 3IEKTPOJA U COOTBETCTBEHHO BBIACISICMAs B €TO
OKPECTHOCTH TEIUIOBAsI MOIMHOCTh MPONOPLMOHATIBHBI ITOMAIN, KaK
3TO  caeayer u3 oOsranHoro 3akona Owma (puc. 5.11).ITTostomy s
VMCHBIICHUSI TOTEphr B OmmkHEH 30HE 1emecoo0pa3Ho Io-
BO3MO>KHOCTH MaKCHMATbHO YBEJINYHBATH INIOMATb SJICKTPOIOB.

B nononHenme uenecooOpa3HO HAMOMHHUTB, YTO AT MOPCKOU
BOJIHI, SIBJISIOIICHCS TUITHIHO MOIYTPOBOIS IEN cpenoit,
MPOBOANMOCTD HAXOAUTCS B MPEACIAX 1-100m vt . D10 03HAuaeT,
4yTO Ha Beex uactortax, MeHbimmnx 800ml 1, mpeobnagaroreii Oyaer He
pCaKTUBHAS, a AKTUBHAS COCTAB/SIOMIAs, T.6. HA BCEX MCHBIINX
4acTOTaxX Cpeda SBISCTCS OOBIYHBIM PE3UCTOPHBIM MHPOBOAHHUKOM,
MPAKTHYCCKU 030 BCAKOW PEaKTUBHOM (EMKOCTHOI) COCTABIISIOLICH.
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Puc. 5.11. 3aBucuMocTh TajJeHHsI HAMpsLKEHNs] BOJH3H JJ1eKTpola oT
IUTOIIAIN TIOBEPXHOCTH J1eKTPoJa MPU M3JIyYeHNHN TOKA B MOIYHPOBOISIIIYIO
cpexy. I'padux cooTBETCTByeT IOTEpSM DHIEKTPUUECKOrO HAIPSDKEHUS BOIM3U
3IIEKTPO/Ia MApPOBoit GopMBI

B paccmarpuBacMOM ciydae pPacIpOCTPAHCHUE 3ICKTPUUCCKOM
COCTaBJISOLICH MPOUCXOTUT O€3 YUACTHSI MATHUTHOTO OIS AAXKE IS
MEPEMCHHOTO TOKA, IMOCKOJbKY MArHUTHOE IIONE OKAa3bIBACTCS
MOJTHOCTBIO CKOMIICHCUPOBAHHBIM B KKIOW TOUYKe cpexabl. Jms ero
MOTYYCHUSI HEOOXOIUMO 4YacTh CPEAbl 3aMCHUTh HA CPEAY C HMHOM
NPOBOAMMOCTBIO, HAampumep Ha wu3oasTop. Toraa B 3TOM
MPOCTPAHCTBE MArHUTHOE MOJIC BO3HUKHET (puc. 5.12).

Puc. 5.12. Bo3HIKHOBeHIe MATHUTHOT'O I0JIsI Ha rpaHune cpeibl 1 BHYTpHU
Cpelibl IpU IIOMENEHNN B HE€ N30/ISIINOHHOr0 o0beMa
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5.5. CTpykTypa nomnepe4Hoii 3J1eKTpOMArHUTHO BOJTHBI

Ilonepeunas >neKTpOMarHWTHAsS BONHA PACHPOCTPAHSIETCS B
HaMpaBJICHUM, MEPIECHAUKYISIPHOM OCH JAMIONS, B TAKOM BOJIHE
BEKTOPBL  D3JEKTPUYECKOM M MAarHUTHOM  HAaNpsDKEHHOCTEH
PaCIOIOXKEHBI B POCTPAHCTBE MEPIEHAUKYIISIPHO APYT APYTY, JIEXKAT
B IUIOCKOCTH ()POHTA BOIHBI W TMEPICHAUKYILIPHBI HAIMPABICHUIO
JBIDKCHUS — HAIpPaBICHUIO PACHpPOCTPAHEHUSI BONHBI — BEKTOPY
pacnpocTpaHEHHS SHEPTHH MM, KaK €r0 Ha3bIBAIOT, BEKTOPY Y MOBa-
IotinTHHra. JnNeKTpUYeckas HAMPsDKCHHOCTh B BOJTHE BBIPAXKCHA
TAKUMHU JKC BHXPCBBIMH IMOTOKAMHU, TEMH JK€, YTO H B OOBIYHOM
3JICKTPOCTATUYECKOM ~ IOJE€,  MArHUTHAsT  HAOpPsDKEHHOCTh  —
IPaAMECHTOM CKOPOCTH BHXpPEBOro ABrkeHHs. OTcCroga MOXET OBITh
MOJIy4CHO MNPEACTABICHUE O CTPYKTypE IMONEPEYHOH BOMHBI (puC.
5.13).
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Puc. 5.13.CTpyKTypa nonepeqHoii 371eKTpPOMarHUTHOH BOJTHBI
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[Tonepeunas sneKTpoOMarHUTHAS BOTHA COCTOUT M3 Habopa BUXpe
SHGKTqueCKOﬁ UHAYKIUHU, OCH KOTOPBIX PpPacCrnoIOKCHbI BAOJIb
BOITHOBOro (poHTAa. OTH BUXPH HANPSDKCHBI M CTPEMSTCS
pacmiipuThbCAa, YTO MNPUBOAUT K TOMY, YTO BCA CHUCTCMa BHXpeﬁ
CTPEMUTCS 3aHATh OONbIIYIO0 IIomans. Ho caemaTe 3TO MOXKHO,
TOJIBKO IIPOABUHYBINNCH BCCH BOJTHOM BIICPCA, AAJIBIIC OT UCTOYHUKA.
Taxum oOpazom, HNpUYUHON MEPEMEIICHUS HOMNEPEYHOU
SHGKTpOMaFHHTHOﬁ BOJIHBI B IPOCTPAHCTBC ABJISACTCA BHYTPCHHSAA
SHEPTUsl BUXPEH SICKTPUUICCKON HHIYKIUH. JTO O3HAYACT, YTO MPHU
HUCYEPNAHUM 3TOH SHEPTUM BUXPHU PacHagyTCs U 3JICKTPOMATHUTHAS
BOITHA MPEKPATHUT CBOC CYIIECTBOBAHHE.

CkopocTh TepeMELICHUsI MONECPEYHON BOMHBI B MPOCTPAHCTBE
OTPEIENSCTCS CKOPOCTBIO MEPEAavH IOMEPEHYHOr0 JBMIKCHHS OT
oxHOro ciiost 3dupa K Apyromy. ITO €CTh CKOPOCTh BTOPOrO 3BYKA,
KOTOpasl CYLIECTBEHHO MCHBIIE CKOPOCTH IEPBOrO 3BYKA — CKOPOCTH
mepefayd  Manoro JaBlICHHWS B MpeAcaaX MOAYIS YIPYTOCTH.
CKkopocTh BTOPOTO 3BYKa ONPEACISICTCS] COOTHOLICHHEM

Volvi = v, = NdJ/22, (5.98)

rOC ¢ — CKOPOCTh CBETA, V3B - CKOPOCTh IEPBOrO 3BYyKa (CKOPOCTH
pacnpocTpaHeHus: rpaButarmn); O, - AMaMETp amepa — MOICKYJIBI
a¢upa; A - cpeaHsist ATMHA CBOOOAHOrO mpodera amepa.

CkopocTh K€ TICPBOTO  3BYKA  OMNPCIACITACTCA  M3BECTHBIM
COOTHOIICHUEM

vV =\ yPlp, (5.99)

rae y — mokasatens agwabarel 3dupa (1 <y < 1,4), P — naBncHue
3¢upa, p —ero mMIOTHOCTh B JAHHOUN TOYKE MPOCTPAHCTBA.

CKOpOCTh pacHpOCTPAHCHUSI 3JCKTPOMATHUTHON BOJHBI B CPEAC,
00TafafoICii TMOBBIMICHHON IUAICKTPUYCCKON MPOHULIAEMOCTHIO,
OyJeT OMPEACIATHCS COOTHOICHUEM

co=clNp, =cNe (5.100)
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rae p, — IUIOTHOCTh 3(Qupa, BOBICKAEMOrO0 B IBIDKCHUE BHUXPS
JNEKTPUYCCKOH MHAYKLIUK B cpeac (a He BCs IUIOTHOCTh 3dupa B
cpene!), &€ — OTHOCHTEIBHAS JUAICKTPUUCCKAST IIPOHMLIACMOCTD CPE/IBI.

N3 nmaHHBIX BBIpOKEHHM cpa3y K€ BHAHO, YTO CKOPOCTb
pacnpocTpaHeHUs] TPaBUTALMM W CKOPOCTh PACIPOCTPAHCHUS CBETA
HC OJNHAKOBBI B PasiInIHbIX O6J'IaCT$IX IpoCTpaHCTBA nu
HETOCPEACTBCHHO CBSI3aHBI C MapaMeTpaMu 3¢Hpa B 3TUX 00NaCTIX.

M3 u3105KEHHOTIO BBILIEC TAKXKE BBITCKACT, YTO IO HCUCPIIAHUU
SHEPTUM BHUXPEH JJICKTPUYECKON MHAYKIUM TIONEpEeYHasl BOIHA
MPEKPATUT CBOC CYIIECCTBOBAHUE. JTO K€ OTHOCHUTCS K JFOOOMY THITY
SJICKTPOMArHuTHOI'O U3TYUCHUA U BIIOJTHC MOXKCT SABJIATHCA HpHQHHOﬁ
TOro, 4YTO CBCTOBBIC (I)OTOHLI OT HJaJCKHUX 3BE3AHBIX CHCTEM HC
JOJNETAIOT A0 3EMJIH, M 5TO CBUACTECIBCTBYET HE O KOHEYHOCTU
npocTpaHncTBa BeenmeHHol, kak 00 3TOM YacTO MUIIYT, @ BCETO JIHIIb
00 wuCUCpPmaHWKM WHCTPYMCHTAJIbHBIX BO3MOXKHOCTEH ONTHYCCKOM
ACTPOHOMUH U PaJHOACTPOHOMIH.

5.6.CTpykTypa npoaobHO 31eKTPOMArHUTHOI BOJIHBI

[MpogonbHast 3MEKTPOMArHUTHAS BOJHA HMMECT CTPOCHHE HHOE,
HEXETH MOMEPEYHast BOMHA. B MpoxonbHON BOMTHE BUXPEBBIC TPYOKH
SNCKTPUYCCKOH HMHAYKLMH PACIOJOKCHBI BAOJb  HANPABICHHS
aBrokeHus (puc. 5.14).
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Puc. 5.14. CtpykTypa HpOJOIBLHON 3J1eKTPOMArHNTHOII BOJIHBL: | — 30Ha
MayIoi HalIpsKeHHOCTH; || — 30Ha GOJIBITION HAIIPSHKEHHOCTH

[TpyunHa mBYOKEHHS MPOAOIBPHON BOIHBI Ta K€, YTO M Y JTHOOOTrO
ra3oBOro0 BHXPEBOIO TOPOHIA. OOpaTHOC HAMNPABICHHIO JBHIKCHUS
TpyOkn nBrkeHWE 3¢Hpa Mo BHEWHEH moBepxHocTH TpyOku. Ilpm
3TOM CIIEAYET OOpaTUTh BHUMAHHE HA TO, YTO HA MEPEIHEM TOPLICBOM
KOHLIC Ka)XKAOW TPYOKH IBIDKEHUE 3(Hpa JIEKAT B IUIOCKOCTH,
MEPICHOUKYISAPHOH HANpaBICHUIO IBWDKCHHS Bcell TpyOkH. IT1O
O3HAYaeT, YTO BCE OIrPAHMUYCHUS HA CKOPOCTb PACHPOCTPAHEHUS
MPOXOJIBHOIN BOMHBI OYAYT TEMH e, YTO U IS MOMCPEYHON BOITHBI.

OTHOCHUTENBHO 3aKOHOB OTPAKCHHS M MPETOMJICHUS MPOXOIBHOM
3JIEKTPOMArHUTHONH BOJHBI HAa CETONHSIOHUN MOMEHT JaHHBIX HET,
XOTsI, BEPOSITHEE BCETO, OHH TE XK€, YTO U Y OOBIYHBIX BOJIH.

Ilockompky  HANPSHKEHHOCTh  NIPOJOJBHOM  BOTHBI  MOXKET
MU3MCHATBCSL B MpEACiax OXHOW CTPYKTYpbl (Hampumep, mpu
CHHYCOMAAJIbHON MOAY/SILKHK), TO 3TO O3HAYACT, YTO B Mpeaeiaax
00ILICH CTPYKTYPBI HPOTOIBHOM 3JICKTPOMATHHUTHOH BOHBI  YHC]IO
BHUXPEH 3ICKTPHYCCKON MHAYKLHMH B PA3HBIX CCUCHUSAX MOXKET OBITH
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paznu4yHBIM. JTO, B CBOK oOuepeAp TpeOYeT NpPU3HAHHS
BO3MOXHOCTEU MEPECTPOUKHU BUXPEBOU CUCTEMBI, KOI'Id BUXPH MOTYT
JEMTUTBCS UM 00BEOUHATHCS APYT ¢ apyroMm. [IpuHnpmmansHo 310 He
JODKHO BBI3BIBATHE OCOOBIX BO3PaKCHHM, IMOCKOIBKY 3GHp — HE
ujeanbHas >KUAKOCTh, a BECbMa PA3PEKECHHAs CTPYKTYpa.

JHEpreTuka KaKAOTO0 BHXPS OJICKTPUUCCKOW HHAYKLIHH B
MPOXOJIFHOI BONHE 3aKIFOYACTCSI TONBKO B HEM CAMOM. JTO 03HAYACT,
YTO MOTEPH IHEPTUH OYIYT, BEPOITHEE BCETO, MOAUUHATHCS TEM K
3aKOHAM 3aTyXaHHUsl, YTO U I OOBIYHOM IOMEPECYHONW BONHE, a
3JIEKTpUIECKas HANPSDKEHHOCTh BAOJb OCH TUMNONS OYAET yObIBaTh C
PaccTOsTHIEM B COOTBETCTBHH C BBIBOAOM M3 ypaBHEHMH Makcema!

Houcw 12

( 2) r
E=Ee . (5.101)

3nech E, — HanpspKeHHOCTh HA MOBEPXHOCTH ANEKTPOAA, OIMIKHETO
K paccMaTpwBacMOM TOYKE, ( — OTHOCUTCIAbHAS MATrHHUTHAS
MPOHUIIACMOCTh CPEIbl; 0 — MPOBOAUMOCTH CPEIbI;, (® — KPyromas
yacToTa u3aydaeMoil BomHbel. (QOHAKO 3TO  MPEANOTIOKCHHC
HEOOXOAMMO MOABEPTHYTh IKCIICPUMECHTAIBHOMN MIPOBEPKE.

HuarpamMa HampaBiI€HHOCTH TIPOJOTBHON 3JIEKTPOMArHUTHON
BOJIHBI MIHAS, UM TOMEPEYHOM, U CYIICCTBEHHBIM 00Pa30M 3aBUCHUT OT
COOTHOMICHHSI Pa3MEPOB BJICKTPOJOB U PACCTOSHUS MEXKIY HHUMH.
Yem MEHBIIC pa3Mepbl BJACKTPOJAOB MO OTHOWICHUIO K PACCTOSHUIO
MEKIYy HHMH, TEM YK€ OYACT auarpaMma HAmpaBICHHOCTH, TEM
Oosnpmiast O OHEPrHM OYACT HW3Ay4aThCS B MPOJOIBHOM
HAIMpPaBJICHUHU U0 IO OTHOUWICHUIO K U3TYUYCHHIO 3TOTO JKC TUTTOJIS
B HOICPCYHOM HAITPABJICHUH.

s mpoBepku (pakTa pacmpoCTPAHCHUS JICKTPUUYCCKOrO MO U
COOTBETCTBCHHO 3JJICKTPUYCCKOTO TOKA BAOJh HAMPABJICHUS CBOMX
BEKTOPOB OBbLTIM TPOBEACHBI [BAa OJKCOCpUMEHTa. B  mepBom
SKCIIEPUMEHTE HCHOJIB30BAJICAd PE3MHOBBHIM IIIAHT, HAIOJHEHHBIN
TIOACOICHON BOXOI M MOJBCIICHHBIN HA HUTAX MOCPCAN KOMHATHL. B
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LITAHT HOMEHIANINCh ABA JUIOMS ¢ COCPEIOTOYECHHBIMH NapaMeTpaMu
— H3IyYarolUii, COCIWHCHHBIA Uepe3 KOAKCHAJIbHBIA Kabemnp C
TCHEPATOPOM  CHHYCOMJANbHbIX KoneOanmii I, u mpueMHsIH,
COCOUHCHHBIN Yepe3 KOaKCHANbHBIN kKabenp ¢ mpuemHukom I1 —
JMOJHBIM MOCTOM ¢ Mukpoammepmerpom (puc. 5.15).1naunr ¢ Bogoit
HMEET NapasuTHYI0 eMKOCTb Cp,, CO CTEHKAMH IIOMEIIEHHS.

Q
................. o
SRR

R KSR

Puc. 5.15. Cxema »SKcmepuMeHTa 10  IPOBEpKe  IPOJOJIbHOTO
pacnpocTpaHeHNsI W3/Iy4eHUsl JUIIOJISI ¢ COCPEJ0TOUYCHHBIMHI MapamMerpamu: 1 —
PE3VHOBBI  TIUTAHT, HAIOMHEHHBIM TIIOJICONIEHHOM BOJON; 2 — DIEKTPOJBI
WM3TYYAIOIIEro JUIONS; 3 — 3IeKTPOIbI IPHEMHOTO JIVITONST

BkiroueHue 3neKTpoJOB Yepe3 KOAKCHANBHBIC KaOeTH HCKITIOUMIIO
BO3MOKHOCTb HOSIBICHUS KAKUX-THUOO0 Mapa3uTHBIX KOHTYPOB.

IMpu u3meneHun paccrostHust 0 MEKAY AUIOASIMH B CBSI3H C HE
Pa3BETBICHHOCTBIO TOKA CHTHAN B MPHUEMHHUKE HE JOJKEH MCHSATHCA,
IO KpailHeH Mepe, A0 TeX IOp, NMOKAa CONPOTHBICHHE KaHAla HE
OKKETCS. COM3MEPHMBIM C COMPOTHBICHHUEM MApPA3UTHBIX EMKOCTEH.
DTO MPOMCXOAWT HA HEKOTOPOM paccTosHud O, Tak Kak
CONPOTHBICHWE BOAB B KaHAIC M NPOBOJUMOCTb Mapa3UTHOU
emkoctu Crap mporopuuoHansibl oTHomenunto /6. Ha puc. 5.16
MPHUBCACHBI MOMYYCHHBIC 3aBUCHMOCTH. Pe3ynbTaT MOIHOCTHIO
MoATBepaUI OxugaHus. [Ipy 3TOM BBISICHHIOCH, YTO YBEIUYCHHUE
COJICHOCTH BOJBI, T. €. YBCIUYCHUC €€ MPOBOJUMOCTH YBCTHIHBACT
MOJIC3HBII CHTHAT WM YBEIHYHBACT 30HY IMOCTOSIHHOW AaMILTUATYIbI
BBIXOJHOT'O CUTHAJIA.



JIEKTPOMATHHTHOE T0JI¢ 157

A
“1 vy,

1>,

v

0 D/5

U,

Puc. 5.16. 3aBuncnMocTh cHTHajIa INpueMHHNKa OT PacCTOAHUA MEKIAY
JUITOJISAIMA ITPA IMPOJ0JIbHOM U3J/IyY€HNH SHEPIruu

B nmanbnelimmem cienyeT mpoBepuTh (PAKT pocTa  3aTyXaHUs
MPOAOIBHON  BOJHBI TPH  PA3TUYHBIX  3HAYEHUS  AKTUBHOH
mpoBoauMocTu cpexpl. Creayer UMeTh B BHIY, YTO 3aTYXaHUE B
MOIYHPOBOASIIICH CpeAe MPOJOIbHOH BOIHBI MOXKCET OBITH TaKKE
CIECACTBUEM TOrO, YTO JHEPrusl KaKIOH MOMYBONHBI (PakTHUIECKU
CaMOCTOSTEIbHA, IIO3TOMY IPUINHA 3aTyXaHUS TPOJOTBHOIN BOTHB B
MOTYHPOBOASIICH CPeae MOXKET ObITh TOH K€, UTO M Y TMOIMEPEUHBIX
BOJIH.

Bo BTOpOM 3KCHEpHMMEHTE HCIOIB30BANCS AWMIIOND C IUIOCKIMH
3JCKTpOJAMU C (PUKCAIMCH HAMPSLKCHHOCTH U 3JCKTPUYCCKON
SHEPTHU BTOPBIM JMIIONEM. OKCHEPHUMCHT CTAaBWICA B TOHKOM
IIJIOCKOM CJI0€ TIOTYITPOBOASINEH CPEbI.

Ha puc. 5.17 nokazana JuarpamMma  pacrpoOCTpaHEHUs
3JIEKTPUIECKOTO MOJIA.

Er[onep

Enpoa

Puc. 5.17. PacnipocTpaHeHue 3JIEKTPHYECKOr0 IOJsI  JINIOJNEM €
COCPEJOTOYCHHBIMH HapaMeTpaMi B TOHKOM cJIoe TOJIYNpPOBOJsImeil cpe/pl.
IIpoxonpHast cocTaBILsEoIast GOIBIIE IONIEPEYHOM COCTABIISIONIEH IO
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IMpu mapamiensHOM PACIONOKCHUN JWIONACH ¥ BHITIONHCHUN
VCIIOBHI — PACCTOSHHUS MEXKAY JJICKTPOJaMH B H3Iydareiic u
MpUEMHMKE, paBHOM 0 =2/2, mIomaam BCeX dICKTPOI0B S << R, rae
R — paccrosHue Mex 1y IICHTPpaMU JUITOJICH M Pa3HOCTH TIOTCHIHAIOB
U, Ha DJICKTPOJAX U3MYUATEITS, HA DIICKTPOIaX MPUCMHUKA TTOABUTCS
pasHocTh moteHnuanos Uy, paBHAas B IEPBOM NPUOTIDKEHHN

BJIOJIb OCH JUTIOJIS .

S
Ugp = Uyy ——— SiNGed,.,/A) sinfed,,/A) (5.102)
AR

MOTEPEK OCH AUTIONS

S d
Ugp = Uy ——— — Sinud,../A) singed,,/A) (5.103)
AR R

rae Oyp; ¥ Oy, — COOTBETCTBCHHO PACCTOSHHUE MEKAY 3JICKTPOAAMH
M3ITy9aTersl ¥ MPUEMHHKA

JuarpaMma HanpaBJICHHOCTH OYJCT BHITAHYTA BIOTb OCH JHIOA U OHA
OyzmeT BBITAHYTA TEM CHIIbHEE, YeM OoIbine OyJIeT pacCTOSHHE NMPHEMHUKA
OT M3JIydaresl. A OKOJIO CaMOro M3IydaTelst OHa OyaeT Om3Ka K KpyTrOBOM.

Crour HaAmOMHUTH, YTO B COOTBETCTBHH C VPaBHCHUSIMHU
MaxkcBena BIOIb OCH AWMONS BOOOILIC HE JOKHO OBITH HHKAKOTO
M3IYYCHUS, MO3TOMY, Korja mpodeccopa-3IeKTPHKH YTBEP:KAAIOT,
YTO TMPOAOIBHOE W3IMYyYEHHE HE COOTBETCTBYET YPABHEHHSIM
Maxkcgemnna, To oHu abconroTHO npaBbl. OHU HE MPaBBl B TOM, YTO U3
3TOr0 0OCTOSITEIBCTBA ACTACTCS BBIBOA O TOM, YTO TAKOT'O M3MYUCHUS
BOOOIIEC OBITH HE MOXKET, TaK, MO KpaliHEH Mepe, B CBOC BpEMs
yrBepxaan akagzemuk M.E.TamM, 9To mocmykmino mpuYnHON
3aKpBITUS paboT MO UCCIETOBAHUSM MPOJONBHEIX 3JIEKTPOMATHUTHBIX
BorH. Ho m akageMuky MOryT ommoaThesl, TOMIBKO, K COMKAICHUIO, X
ouOKH 0OXOAATCS OPOTO.
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Buieoowi

1. Tlapamokcel ¥ TPYAHOCTH PCIICHHS HEKOTOPBIX 3aiady
SJCKTPOAMHAMUKH  CBSI3aHBI C  HECOBEPIICHCTBOM  YPaBHCHHM
3JIEKTPOMArHUTHOTO oI, 0asUpyOLHXCS HA  MOZAEIH
UACATM3UPOBAHHOTO  (HEBS3KOr0O M HEC)KUMAEMOro)  adwupa.
CoBepIICHCTBOBAHNE YPAaBHCHUI  3JICKTPOMATHHUTHOTO MO M
3aKOHOB 3JICKTPOMArHETH3Ma BO3MOKHO ITUIIb HA OCHOBE YTOYHCHUS
HCXOOHBIX MOJENCH, B YACTHOCTH, CBSI3AHHOTO C YYCTOM pPCEajbHbBIX
XapaKTePUCTUK 3(HpPa, €ro BI3KOCTH U CKUMACMOCTH.

2. B cBs3U ¢ TEM YTO MCXOAHBIMH (PHU3UUCCKHMU MHBAPHAHTAMU
SIBILIIOTCS. COCTaBJISIFOINUC JBYIKCHUS — MaTepus, MPOCTPAHCTBO U
BpEeMs, UMY B MEXaHUKE COOTBETCTBYeT cucteMa exuHun MKC
(metp, xwmorpamm, cekymma), cucrema cauauiy MKCA  (merp,
KWAJIOTpaMM, CEKyHAa, AMIep), MNpPHHATasT B JICKTPOJHMHAMHKE,
OKa3bIBACTCSl N30BITOYHON M 3aTPyIHSIOIICH MOHUMaHHE (PH3ndYecKoi
CYLIHOCTH  TMpOLIECCOB  3nmekTpoMarHetn3ma. Ha — ocHoBanmu
paspaboraHHbIX MoOAeACH odjekrpomarHeru3ma cucrema MKCA
mpeobpasosana B cucremy MKC.

3. Bce wu3BecTHBIC OICKTPOMATHHUTHBIC — SIBICHUS  MOMHO
HMHTEPIPETUPOBATh C MO3ULMIA ra30BOM AWHAMUKH 3(upa, mpu 3TOM
SJCKTPUYCCKUIA  3apsii ~ WHTCPOPETUPYETCS  KaK  LUPKYJSLIHS
KOIBLICBOH  CKOPOCTH ILIOTHOCTH 3(Upa MO BCEH MOBEPXHOCTH
BHHTOBOI'O TOPOUAAIBHOTO BHXpPS — IMPOTOHA HIM JICKTPOHA,
MOJSIPHOCTh — KaK 3HAK BUHTOBOTO JBIKEHUS 3(rpa BOKpYT 3apsiza,
SJCKTPUYCCKOE TIOJNE€ MOXKHO HHTEPIIPETUPOBATh Kak  HAOOp
Pa3OMKHYTHIX BUXPEBBIX TPYOOK 3¢upa, B KOTOPHIX 3(GUp BpaIiacTcs
BOKPYT OCH TPYOKH M MOCTYNATEIbHO IBIDKETCS MO OCH TPYOKH OT
3apsza, a mo nepudepun — K 3apsany; MEKTPUICCKYIO IPOHULIAEMOCTb
BaKyyMa MOXKHO HWHTEPIPETUPOBATh KaK IUIOTHOCTh 3¢upa B
CBOOOZHOM  OT  BCLICCTBA  MPOCTPAHCTBE;  JJICKTPUUCCKYIO
MPOHHULIAEMOCTh BEIIECCTB — KaK CBOWCTBO BEIUICCTB YBCIUYHMBATH
IJIOTHOCTH 3(rpa B TpyOKax 37ICKTPUYCCKOrO MO 33 CHET CHUKCHUS
€ro CKOPOCTH JBWKCHHSI, BEIUYHMHA SJICKTPHUYCCKON OTHOCHUTEIBHOMN
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MPOHULAEMOCTH PAaBHA OTHOLICHUIO TUIOTHOCTH 3(Upa, ABHKYIIETOCS
B COCTaBe TPYOKM B BCIISCTBE, K IUIOTHOCTH 3¢Hupa B BaKyyMeE;
MArHUTHOE TOJ€ MOXKHO HWHTEPIPETUPOBATh KAaK MOCTYMATEIbHOE
JBIDKCHHE 3(Hpa B BUXPEBBIX TPYOKAaX, MATHUTHYIO HMPOHULIAEMOCTb
— KaKk CBOWCTBO BCIIECTB YBEIMYUBATH CKOPOCTb MOTOKOB 3(upa 3a
CHET MOBOPOTA JOMCHOB B MaTepHale.

4. Ha ocHOBE 3(pMpPOANHAMHYCCKHX MOAEICH 3ICKTPOMATHUTHBIX
SIBIICHUN YTOYHEHBI HEKOTOPBIE 3aKOHBI JICKTPOMArHETU3MA, PA3BHUTHI
YpaBHEHUS 3JIEKTPOMArHUTHOTO oI, MpeACKa3aHbl u
SKCIEPHUMEHTAIPHO  MPOBEPEHBI HEKOTOPBIC 3aKOHOMEPHOCTH, HE
BBITCKAIOIINE U3 KIACCHYCCKUX YPABHCHHH 3JICKTPOMATHHUTHOTO MOJIS
Maxkcsenna, 3akoHa dapaaes 31EKTPOMArHUTHOM WHAYKLIHH, 3aKOHA
MOTHOr0 TOoKa © T.a. Ilpeacka3zaHo H  SKCHEPUMEHTAIBHO
MOATBEPKICHO CYIIECTBOBAHUE MPOJOTIBHO PACHPOCTPAHSIOLICIOCS
BHC 30HBI HHAYKLHH 3JICKTPUYCCKOTO MO, IOKA3aHO BIUSHHC
BHCIHETO OTHOCUTEIBHO HM3MEPHUTCIBPHOIO KOHTYpPa MATHHTHOTO
OIS, MPEACKA3AHO U KCIICPUMECHTATIBHO MOATBEPKIACHO YILIOTHCHUE
B TNPOCTPAHCTBE MATHUTHOTO IOJS, ONMPEIACICHBI 3aBHCUMOCTH IS
B3aMMOWHAYKLIIH MPOBOJAHUKOB, KOTOpBIC MOATBEP>KACHBI
SKCIEPHUMEHTAIPHO M KOTOpPBIE CYIIECTBEHHO OTIHYAKOTCS OT
MAaKCBEJUTOBCKHX 3aBUCHMOCTEH.

5. PaszpaGotaHHblE MOJETH 3JICKTPOMATHHTHBEIX SIBJICHUH C
MPUBJICUCHUEM MPEACTABICHUA 00 3(Hpe MO3BOISMIOT ECTECTBECHHBIM
oOpasom  u30aBUTbCS  OT  NAPaJAOKCOB  JJICKTPOIUHAMHMKH.
[IpoBeneHHbIE OKCIIEPUMEHTBI HOATBEPIMIN  LEICCOOOPA3HOCTb
VTOUHEHHS (PYHTKLMOHATIBHBIX 3aBUCHMOCTCH 3JIEKTPOMArHETH3MA U
CYLICCTBOBAHUE MPEACKA3aHHBIX SIBJICHUI, B TOM YHCIIE 3aBUCHMOCTH
HaBoaumoit JJIC B pamke HE TOIBKO OT BHYTPCHHErO, HO U OT
BHCIHETO MO OTHOIICHWIO K HEH MACHUTHOTO MO, HANTHYHC
B3aMMOMHIYKIUHM TPOBOJAHUKOB, CYIIECTBOBAHHUE MPOJOIBHOrO
3JEKTPOMATrHUTHOTO U3TYUCHHS 1 HEKOTOPBIX IPYTHUX.
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3aknryeHune

Bce OCHOBHBIE SKCIICPUMEHTANBHBIC OCHOBBI 3JIEKTPOTCXHUKU
co3manbl B mepBoil momoBuHe 1940 cromeTus, u B 3TO KE BpEMs
CO3JaHBI OCHOBHBIC TCOPETHUYCCKHIE €€ OCHOBBI. [locieHIM KPYITHBIM
JocTikeHneM Obin «IpaktaT o0 3ICKTPUYECTBE W MATHETH3ME»,
HanmcagHbIi aarmiickuM yaeHsiM k. K.MakcsenmoM, B KoTopoM 0H
00001 pe3ynbTaTel PadoT 24 yueHsIX. ITO 0000IEHNUE BBIIHIOCH,
B YACTHOCTH, B CHCTEMY YyPaBHCHUH, M3 KOTOPBIX, KaK YacCTHBIC
ciy4am, BBITCKAIN 3aKOHBI, OIHCHIBAIOLIUE OTZACTbHBIC
SJICKTPUICCKUC SIBIICHHUS.

C Tex mop mpounto Oonee cra TpUAUATH JCT. 3a 3TO BpEeMs Ha
OCHOBE JocTrkeHuil 1910 Beka M MaKCBEIITOBCKON TCOPHH CO3IaHBI
LETBIC  OTPAcId MPOMBINIICHHOCTH BO MHOTHX CTpaHax, 3TO
SHEPreTHKA, DSJCKTPOTCXHHKA, PAAMOTCXHUKA W  DICKTPOHHKA,
KOTOpBIC MPOHHKIM BO BCE OTPACIH HAYKH, TEXHHKH, TPAHCIIOPTA,
cBsi3u u Obita. Co37aHBl MHOTHE THICSYM HAUMCHOBAaHWI W3ACNHH,
HCTONB3YIOIIUX 3JCKTPOMATHUTHBIC SIBJICHHS, H CETOAHS HET HUKOTO,
KTO YCOMHHJCS OBl B CHpPAaBCIJIMBOCTU TMOJIYYCHHBIX HAYYHBIX U
TEXHUYCCKUX PE3YIbTATOB. ITO CO3AANO0 MPEACTABICHUS HE TOIBKO O
HETOTPELIMMOCTH HAHJCHHBIX 3aKOHOB J3JICKTPOTEXHUKHU, HO M 00 HX
abcomoTHocTu. Ho 3T0 mocnennee HeBEpHO

Ha camoM pgeme, 3a HCKIIOYEHHEM HECKONBKHX 3aKOHOB
COXPAHCHUS, OTPAKAIOUIMX CBOWCTBA BCEOOIMUX  (hU3UICCKUX
WHBAPUAHTOB — COXPAHCHHS MATCPHH, MPOCTPAHCTBA, BPEMECHU U UX
COBOKYITHOCTH — JBIDKCHHSI C YYETOM OXBara BCEX VPOBHEH
HEPAPXHUECKOTO CTPOCHHS MATEPUH, BCE OCTATIBHBIC <«3aKOHBI» HOCAT
YACTHBIA XapakTep. JTO 3HAYMUT, YTO STU <BAKOHBI» €CTh BCETO JTUIIb
MEpBOC NMPUOTIDKEHUE K UCTHHE, MO0 Ka)KJOC KOHKPETHOC SIBJICHUE
UMEeT OCCYMCICHHOE MHOXKECTBO CBOMCTB M XOTSI OBl IMO3TOMY OHO
MOET OBITh OMHCAHO TONBKO MpHOImKeHHO. YTOOB! omucats J1r00oe
SBIICHNC BO BCCH MOMHOTE HYXHO COCTaBUTh OCCUHCICHHOC
MHOKECTBO YPaBHCHHHM C OCCUHMCICHHBIM KOJIMYECTBOM YICHOB B
KOKIOM U3 HHX, a2 3TO HE TOIBKO HEBO3MOYKHO, HO WU HE HYKHO.
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[TosToMy abGCOMIOTHO TOYHBIX YPABHEHUI YACTHBIX 3aKOHOB MPOCTO
HE CYIICCTBYET M CYIIECTBOBATh HE MOXKET. JDTO KACACTCS JAXKE TAKUX
(yHIaMCHTATIBHBIX 3aKOHOB, KaK 3aKOH BCEMHPHOTO TITOTCHHUS
N.Hprotona nmym 3akoHbl HeOecHOM Mexannku. Ho 3To ke kacaercs u
ypaBHeHHII MakcBemna U TIOOBIX APYTHX 3aKOHOB SJCKTPOTCXHHKH,
PATUOTCXHUKN U DICKTPOHUKH. KaKmplii «GakoH» OTpaXkacT ITUINb
YaCTHOC SIBJICHHE, ONPCACICHHOEC KOHKPETHOH LEIbI0, M OTPAKACT
TOJBKO C OMPEACICHHOU CTEMEHBIO TOYHOCTH, IMOCKONBKY HE MOXKET
VUECTh BCE OCOOCHHOCTH, BCE HEIMHEHHOCTH, BCE BTOPOCTCIICHHBIC
JeTaau, KOTOPbIC HEMHHYEMO B HEM CKPBITHI.

3a mpowemmue Oodee cra ner B o0nacTH  TeopHU
SJCKTPOMArHETU3Ma MPAKTHYECKH HE CO3JaHO HHYErO HOBOTO.
ITostoMy HE  [OOMKHBI  BBI3BIBATD  OOCTPYKLHMU  IOMBITKH
MEPEIPOBEPUTh  YXKE HW3BECTHBIC 3aKOHBI, IIOCTaBHTh  HOBBIC
SKCIEPUMEHTH MM HAWTH HOBBIC (YHKIHOHAIBHBIC 3aBHCHMOCTH,
cBsi3pIBarOINUC (pu3uueckue BeauunHbl. HaoGopor, mMEHHO 3T0 U
SBISICTCSL LIETBIO HAYKH. OJTO JKE€ KacaeTcs M TEOPETUUCCKOU
3JCKTPOTEXHHKH.

UYenoBeuecTBO SKCIUTYaTUPYET AOCTHMIKCHUS BETHKHX yYeHbIX 19-
ro cronetust 6omee Beka. OHM OKa3aaHMCh UCKITIOYHTENBHO MOIC3HBI,
HO OHH JK€ HE OTKPBLIM M MHOrO€, YTO €LIc MPEIACTOUT OTKPBITH U
WCIONB30BaTh Ha OJaro JIOAsSM. A HEKOTOPBIC OTKPBITHIC SIBICHUS
OKa3alluCh YTPAYCHHBIMU, MPHMCPOM SIBISICTCS SICKTPOTCXHHUKA
Huxomnsr Tecna, mocTurHyBIIETO pe3yabTaTOB, KOTOPHIE CEHdac, CTO
JET CHYCTS HUKTO HE MOXET BOCIPOU3BECTH, MOTOMY YTO 3TO —
Jpyras 3NCKTPOTEXHHKA, OCHOBAHHAS HA APYIMX 3aKOHAX, KOTOPBIC
TEepb HY>KHO HAXOJUTh 3aHOBO.

0060 Bcex (hHU3UYCCKUX SBJICHUIX MBI MBICTUM MOJC/SIMH, TO €CTh,
TEMH WIA WHBIMA TPEACTABICHHAMU O (HIMYCCKHX MpoLeccax,
MPOUCXOMSALINX B 3TUX sBICHHAX. Ho 3T0 Bcero muimp Hamm
MPEACTABICHHUS, HE BCErJa BEpPHBIC. JTH MPOLICCCHI MBI OMHCHIBACM
MaTEMaTHYECKH, BHOCS M B OSTH OIHUCAHUS JONOJHHUTEIbHBIC
HetouHocTH. Ho 3T0 Bee ke myTh packphITHs STHX 3akoHOB. Ho koraa
TCOPETUKU HE CTPOAT (PU3MICCKUX MOJACTCH, a MBITAOTCS U3 OJHUX H
TEX JKE YXKE OTKPBITHIX 3aKOHOB BBUSIBUTH HOBBIC CIICACTBHUS, TO TAKOU
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MyTh 3aBEIOMO OOpEUCH Ha HEyJady. HOBOC MOXXHO HAWTH TONBKO
HpI/IBHCKaH HOBBIC HpeﬂCTaBHCHI/IH, HOBBIC (baKTLI U CTaBsI HOBEIC
3KCHEPUMCHTHI.

Ceroaast B 007acTé TECOPETHYECKOTO JJICKTPOMATHETH3MA MBI
CTAITKUBACMCST C TEM JKE& KOHCEPBATHU3MOM, KOTOPBIH TMOPa3ui BCIO
TCOPETHYCCKYIO (PHU3UKY: caMa IMOIMbITKA HAWTH YTO-TO HOBOC B
0o0NacTy  3ICKTPOMATHCTU3MA  HATATKUBACTCS HA  OOCTPYKITHIO
CHELHUANKCTOB. DTO HEIPABHIBHO.

B HACTOAIICC BpCMH BCsA HayKa HaXOOUuTCs B KpI/ISI/ICC, CBSsI3BAHHBIM
MMCHHO C KOHCCPBATH3MOM CIICIIHATICTOB, CUNTAIOIINX, UYTO BCC YHKE
CICNTaHO W BCE JaBHO scHO. Ha camoMm meme Mbl HAXOIUMCS TIEPE
BCIINICCKOM HOBHBIX IIOMCKOB U OTKpLITI/Iﬁ BO BCECX O6J'IaCT$IX
€CTECTBO3ZHAHUSA, BKIIFOYAs SIICKTPOTEXHHUKY, PAZUOTEXHHUKY U
37ekTpoHuKy. EcTh ocHOBaHMs monaratk, 4TO 3(QHUPOAMHAMIYECKUN
MOJAXON OKAXKET CCPHE3HYIO TMOMOINb TAKUM TMOMCKAaM. A WX
pe3ynbTaToM OyAeT HE TOJBKO YTOYHCHHC YIXKE CYIICCTBYIOIIUX
3aKOHOB, HO U B HEKOTOPBIX CJIY4asiX WX HOJIHBIM NEPECMOTP.
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Ipunooicenue

O BO3MOXHOCTHU NMPSAMOro nosty4yeHus
3NeKTpuyeckKkoun 3Heprum n3 adumpa

1. BBegeHue. lNoctaHOBKa 3apaum

CocTosiHUE SHEPTETUKU B COBPEMECHHOM MHPE BBI3BIBACT TPEBOTY.
3a XX crojeThe DHEPrOBOOPYKCHHOCTh TpyJda — IOKA3aTeIb
MOTPEONIEMOl ~ MEXaHMYECKOM U DJICKTPUYCCKOH  SHEPruH,
3aMCHSIOMEH pydyHOU TpyA, yxke B 1976 romy mpeBbICHI YPOBCHb
1913 roma B 34 paza, ceifyac 3TOT YPOBEHb COCTABISICT HECKOIBKO
COTECH CIUHHL. DHEProBOOPYKEHHOCTh CTPaH BEChbMa HEPABHOMEPHA.
Hanpumep, uncnennocts Hacenenus CIIIA cocrasnser Bcero 5% ot
yrcneHHocTH Hacenenus mianeTsl, Ho CHIA morpebnsror 50% Bceit
JoOBIBACMO Ha IIaHETe SHEpruu, T.6. Kaxaeii xurteas CIIA
morpebnser 3Heprum B cpeaneM B 20  pa3  Oompue
CPCAHECTATUCTHYECKOrO JKUTEIsl minaHeTsl. HykHO mpu  3TOoM
VUUTBIBATh, YTO  HACEICHHE 3EMHOr0  Iapa  MPOAOIDKACT
yeenuuuBatecst, 1 B 2000 rogy cocraBumo yxke Oomee uyem 6,5
MUJLIHAPAOB 4enoBek. Ha mpon3BoACTBO MpeaMeTOB MOTPEONCHUs
JUTSL HUX HY>KHO SHEpru# Bce OombIne U GobIIe.

Kax u3BecTHO, OCHOBHasI SHEPrusi, MOTydacMas YETOBEKOM st
MPOU3BOACTBA, TPAHCIOPTA W OTOIUICHHS, — 3TO SHEPIrHUs OT
CKHTaHMSI HMCKOMAEMbIX JHEPrOHOCUTENeH — yris, Hedtu um rasa.
Takue cTapric HEPrOHOCUTETN KaK TOP( M TOPIOYHE CIAHLBI yIKe
JABHO HE 3aHUMAIOT JOMHHHUPYIOIIETO MOJI0XKCHUS B SHCPTCTUKE, 1A U
KaMCHHBIA YTrolb MpaKkTHUCCKH Yke ucuepnad. M Hedts, u ra3, ckopo
OyAyT W3pacxXxOAOBaHBI, NPHOMIKEHUEC KOHIA OKUAACTCS VKE B
Omwkaimme gecsaTuiaeTus. VX OCTaTky MBITAIOTCS NPUCBOUTH ceOe
pasBUThIC  KANMUTATUCTUYCCKHEC  CTPaHBl,  KOTOPbIE  JaBHO
M3pacXOfOBAlld CBOM HAIMOHATIBHBIC pECYpCHl W TONATH B
SHEPTrEeTHYECKYIO 3aBHCHMOCTh OT CTPAaH «TPEThErO MHpPa». YKE B
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1939-1945r. 9/103anacoB He()TH HAXOIUIOCH B CTPAHAX «TPETHETO
Mupa», a CCrogHd TMPAKTUICCKHU BCAd OHCPICTUKA PA3BUTHIX
KanmUTAJIUCTUYICCKUX CTPaH O6CCHC‘II/IBaCTCH UMITIOPTHBIMU He(bTLIO nu
rasoMm.

HpI/I 3TOM, KaK BBISICHHJIOCHh HCAABHO, CXKHTIaHHUC HMCKOIIAEMBIX
SHEPrOHOCHUTEICH 32 CUET KHCIOPOAa aTMOC(EPbl MOXKET MPUBECTH K
KatacTpOQUUECKIM W HEOOpaTUMBIM  MOCIACACTBHAM  H3-32
HEIOMYCTUMO OOJIBIIOTO PACX0Aa KHCIOPOAa U BeIOpoca B armochepy
VIJICKHCIOr0 Tasa, a TakKe MapoB CEPHOM M CEPHUCTON KHCIOT U
MHOTHX Apyrux. BeiOpoc yriekucmoro ra3a cnocoOeH co3zaTh Tak
HA3bIBACMBIH <IAPHUKOBBIA 3(PQPEKT» H MPHUBECTH IUIAHETY K
neperpeBy. BpenHrie jke ra3pl MOTYT OTPaBUTh HE TOJIBKO aTMOcdepy,
HO U IIOYBY, U BOLY.

[lombiTky pemmTe BSHEPreTUYECKYI0 TNpobieMy 3a  CHET
NPUMCHCHUSA aTOMHBIX 3HCKTpOCTaHHHﬁ HCJIb34 IPU3HATDH IMOJIHOCTBIO
yaauHoii. Bo-mepsrix, abcomorHo Oe3omacHeix mpoekroB ADC He
CYILECTBYET, CTPOHMTEIBCTBO HEKOTOPBIX M3 HHX, Hampumep, 440
sHeproonoka YepHoOwinbekoit AJC wu  psaa  gpyrux  ObLIO
MpPOM3BEACHO O€3 yueTa IeoNIOrHYecKoi 0OCTAHOBKM, & TO YPEBATO
ouepeaHbIMU KaTacTpodamu. Bo-BTOpEIX, Kak BBISICHHIIOCH, 3aIachl
YpaHOBOW pyabl, MPUTOJHON [ OOpPabOTKH U HUCIHOJIb30BAHUS B
ATOMHBIX PEaKTOpax, TOXKE MOTYT OBITh HCUCPIAHBI B ONrpKanlIneM
OyayuieM, rmpasja, B HECKOJIBKO 00JI€e OTIAICHHOM, YeM He(Th U ras.
A B-TpeThUX, 3A€Ch HATHUIIO MPOOIEMa 3aXOPOHCHHS KPaHE BPEIHBIX
paaroOaKTUBHBIX OTXOAOB, € YCM Y>KC CTOJIKHYJIHUCH BCC CTpaHBbI,
skcmyarupyomue ADC. Iloaromy npobiiema ocraercs.

JKkomoruueckas mpoOneMa HEPreTUKA MOXET OBITh HACTHYHO
peoicHa IIyTCM HCIIOJIb30BaHUA B0306HOBHHCMI>IX HUCTOYHUKOB —
JIECOB, OAHAKO MX 3arachl HEBEIHMKH, & UX YHHUTOKCHUE O€3 TOIHOrO
BOCIHPOM3BOJCTBA, YTO TOXKE XaPAKTEPHO ISl HACTOSIIETO BPEMCHH,
TAaKXKC BECACT K I‘I/I66J'II>HI>IM J3KOJIOTMYCCKUM ITOCJICACTBUAM.

B aBrycre 2007 r. BHOBb BCOOMHHIN O «TEPMOSAC» - crocode
TTONTYYIEHHS SHEPTHH C IIOMOIIBIO TEPMOSAEPHOro cuHTe3a. MoxHO
COTJIACUTBCS C TEM, YTO PCLICHUE MPOOTIEMBI TEPMOSIICPHOTO CHHTE3a
MO3BOJIUT PELINTh M SHEPreTHUYECKYI0 npodnemy. OQHAKO TPYAHOCTH
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CcOo cTaOuWaM3anueii BBICOKOTCMIICPATYPHOW IUTa3Mbl HE ObLIH
npeoaoneHsl 3a npomeaimme S0 j1eT, U Ha3HAYCHHBIH HOBBIH CPOK —
nononuurenbable 50 jger 6e3 0003HAYEHWsI HOBBIX HJIEU IO
cTaduIu3aiy Ia3Mbl HE JACT HUKAKOW YBEPECHHOCTH, YTO HA STOM
IyTU YHEPrEeTUUCCKas mpodiema OyACT pelIcHa.

BeixomoM U3 CO3AABIICrOCS TSDKEIOTO TONOXKCHHS  SIBJISICTCS
MPUMCHCHUE TAKUX HUCTOYHUKOB SHCPTUHU, KOTOPHIC MPUHIHUIHAIBHO
HCUCUCPMACMBI, MW TAaKUM  CIOCOOOM, KOTOpBIH  0oOecHeuuT
CTAOWIU3AINIO OKPYXKAIOUICH CPEapl MPAKTUYCCKA  HA  JTEO0OH
OTPE30K BPEMCHH. OJTO 3HAYUT, 4YTO HYXXHO HCIOJIb30BATh
YCTPOICTBa, CIOCOOHBIC MPEOOPA30BBIBATH IHEPTHIO, COACPIKALIYIOCS
B OKpy)Xaromel cpene, B BUJ DHEPrUM, MPUTOTHBIA A
WCIIOJIb30BAHUSI YCIOBEKOM B MPAKTUYCCKUX IHeasx. Ilpu stom
JO/DKEH  ObITh  ODOECIICUYEH  KPYyrooOOpPOT — DHEPTUU:  IOCTC
WCIIOJIb30BAHUST BCS DHEPrUs JO/DKHA BO3BPAINATHCS B MPHUPOIY U
MMCHHO B TOM BHJE, B KOTOPOM OHA ObIj1a U3bsATA U3 HEE.

OnHako Ha MyTH PeaU3aLHH 3TOH, OC3yCIOBHO, BHITOAHON HICH
CTOSIT 3aCAOHBI B BH/JAC YCTAHOBJCHHBIX HAYKOW IIOJIOKCHUH, B
COOTBETCTBUM ¢ KOTOPBIMU 3TOrO MPUHIMIUAIBHO CACIATh HEIb3S.
OxHuMH U3 HUX SBJISIOTCS TONIOKCHUS TepMoanHaMukd, e [lepsoe u
Bropoe nauana. IlombiTku cozgaTe momoOHBIC YCTPOMCTBA Beeraa
MPUPABHUBAINCh K TIONBITKAM CO3JaHus BedHbIX ABHrarteicit
(perpetuum mobile — Beunoe aBWKEHHE), KOTOPBIX OBLIO
CIIPOCKTHPOBAHO BEJIMKOS MHOXKECTBO, HO BCC OHU HE padoTaju.

B 1775 romy ®panmysckas akageMusi HayK —IIpeKpaTuia
PacCMOTPEHUE MPOCKTOB BCUHBIX IBUTATEICH, a B cepeaune 19+o
BCKA YCTAHOBJICHUEM 3aKOHA COXPAHCHUS SHEPrUH Obla JOoKa3aHa UX
MpUHIMMHAATBHAS  HeocymmecTBUMOCTh [1]. C Tex mop TMpOCKTH
MogO0OHOT0 POJA OTBEPrarOTCsS BCEMU CEPbE3HBIMU YUCHBIMHU 0€3
paccmotpenust. U Bce ObLTo OBl 31€Ch B MOPSLAKE, €CIH OBl 3TH YICHBIC
HC MyTajd MOHATHS W HE MOABOJWIM Obl TOJ IOHSATHEC «BCUHBIX
JIBUTQTCICH» CUCTEMBI, K 3TUM [BUTATCISIM HE UMCIOIIUM HHKAKOTO
OTHOIIICHHUS.

B nacrosimee BpeMs pasTHYHBIME H300PETATCIAMU MPEIIOKECHO
M YACTUYHO PCaNM30BAHO HEMAJIO MPOCKTOB, B KOTOPBIX JHCPruu
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MTOJTYyYIEHO Oonp1e, YeM  BIIOJKEHO. IlontBepauB  3TO
SKCIEPUMEHTAIBPHO, H300peTaTeny  HAYMHAIOT  YTBEPXKIATH O
HECTIPABEAITNBOCTH H3BECTHBIX 3aKOHOB TEPMOAWHAMHUKH,

MMCHYEMBIX B Hayke «Hauanamu TepMOIMHAMUKY, B COOTBETCTBUU C
KOTOPBIMH 3TOr0 HE MOXKeT ObITh. He MOryT OTBETHTB Ha 3TOT BONPOC
U TaKk Ha3bIBACMBIC <«CEPHE3HBIC YUYCHBIE», KOTOPHIE B LEISX
COXpPaHEHHUSI CBOETO0  MPECTIKA  BCSYECKH  YKIOHSIOTCS  OT
PacCMOTPEHUS TTPOOICMBI.

ITosToMy Hacrana mopa, Mo BO3MOMXHOCTH, pa3o0paThCsl ¢ 3TUM
3aIyTaHHBIM BOIIPOCOM M IOCTAPAaThCs BCE MOCTABUTh HA CBOHM MECTA.
Torma, wmoker ObITh, U mnpoONEMa MMOJYYCHHUS JDHCPIUH U3
OKpYy>KaroIek cpeapl OyAeT pelicHa.

Caeayer HamoMHUTBH, 4YTO mpodiIeMa MOIYYCHHUS JHEPrUH U3
OKPY’KAIOIIEro MPOCTPAHCTBA B CBOC BpPEeMs ObLIa PelICHa CepOCKUM
yuensiM Huxomnoit Tecna.

Benukuii cepOckuii anexkTporexHuk-uzooperarens Hukona Tecna
pommiacs B 1856 rogy u paboran go 1882 r. umkeHepoM
tenerpaduoro obmiecra B bymamemre, ¢ 1882 mo 1884 rr. B
kommanuu Jaucona B llapmke, a 3atem smurpuposan B CIHIA wu ¢
1884r. paboran Ha 3aBoaax JaucoHa u Bectunraysa.

3a cBoro km3Hbp Tecnma w300pen MHOXKECTBO —Pa3THUHBIX
3JICKTPOTEXHUYECKUX YCTPOUCTB — MHOTO(a3HBIC 3JICKTPUICCKHC
MAIIMHB, B TOM YHCJIC ACHHXPOHHBIC B3JICKTPOABUTATEIIN, CHCTEMBI
Mepefavy YHEPTUH MOCPEICTBOM MHOT0()a3HOro MEpPEMEHHOTO TOKA, B
CIOA 3zamycTun psii TPOMBILUICHHBIX 3JCKTPOYCTAHOBOK, B TOM
gucie Huarapcekyro I'OC (1895), kpynaeiiryro no tem Bpemeram. C
1889r. Tecna mpucTymuI K UCCICAOBAHUSIM TOKOB BBICOKOU YaCTOTHI
u BbicOKkMX Hampspkennmid. OH  wm300pen  mepBeie  00Opa3uBbl
SJCKTPOMECXAHHYCCKUX ~ TCHEPATOPOB  BBICOKOH  YacTOTBl U
BBICOKOYACTOTHBIH  TpaHCOpPMATOp,  MOMYYHMBIOHI  Ha3BaHHUE
«tpancpopmatop Tecmer». Ilog ero pykoBOACTBOM COOpYKEHa
paauocrannus Ha 200kBt B mwtate Komopano. B atu e roasr Tecna
CKOHCTPYHPOBAJ Psil PaIHOYIPABISEMBIX CAMOXOTHBIX MEXaHH3MOB
(«reneaBToMaToOB»), iocie 1900roxa MOMYUHIT MHOKECTBO MATCHTOB
Ha H300peTCHHs B Pa3MMYHBIX OONACTAX TEXHHUKH — 3JICKTPUYCCKUN
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CUCTYHK, 4acToToMEp, psx YCOBEPIICHCTBOBAHUMA B
pazuoanmnaparype, napoBbIX TYPOUH U T.1.

V>ke BO BpeMs »ku3HH TECIBI O HEM XOAMIH JICTCHABI. MHOTHE
€ro M300peTeHusl padoTaly HE MO MpPaBWIaM, CO3JaHHBIM K TOMY
BPEMCHH B TCOPCTUYECKUX OCHOBAX DJICKTPOTCXHUKH, KOTOPBIC
JCHCTBYIOT MOHBIHE. B COOTBETCTBHH C 3THMU OCHOBAMH TECIOBCKUE
YCTaHOBKHU BOOOIIEC HE TOJDKHBI paboTaTh, HO OHU padoTau, JUIITHUI
pa3 TOATBEpkKIAsl, YTO HHKAKas TEOPHS HE OTPaXKaeT BCETO
MHOT000pa3usl IPUPOIHBIX SBICHUI.

PacckaszeiBamm, uto Tecna n3obpen aBTOMOOMNIB, KOTOPBIH €311,
HUYEM HE 3alpaBiLICh, Uepmas OJHEPTrUI0 HEU3BECTHO OTKYAA.
Nmenno emy mnpunuceiBamy (eHoMeH TyHrycckoro Mereopura,
KOTOPBIA SIKOOBI SIBISUICS CICACTBHEM C€rO HEYJAYHOIO OMbITA IO
OecrpoBOAHOM mepeaaue dHeprumM (OCTATKOB METCOPUTA TaK W HE
Hamn). M eme pacckassiBanmu, uro MopraH, amMepUKaHCKHI
HEeTIHOW KOpOJb, ObLT KpaliHE OOCCIIOKOCH €ro YyCIeXaMu,
BO3MOJKHO IMOTOMY, YTO MONYYCHHE JHEPruM u3 Hudero (u3 sdupa)
CTaBHIIO MOJX COMHEHHE ero HedTsHble moxonsl. ['oBopsr, Mopraxn
MPHHST COOTBETCTBYIOLIME MEPbI, HOTOMY 4TO nabopatopust Tecmsl,
KOTOpYIO cyOcuauposan MopraH, BAPYr mepecrana CyLIeCTBOBaTh, U
g0 cBoed cmeptH, mocnexosaBineii B 1943 r. Tecna yxe Huuero
KPYITHOTO HE CACIa.

HawuGosnpimyro 3aragky npeactaBisii coOOM €ro 3HAMCHHTHIN
Tpanchopmarop, ¢ HoMomeo kotoporo Tecna Ha yacToTax B COTHU
Kuorepi nonay4an Hanpspkerus 10 15 mumnonos (!) Boast. Teopun
sToro TtpaHcopmaTopa HE cymiecTByeT A0 cux mop. Jla m cam
TpanchopMaTop BHIIVIAUT KaK-TO HEOOBIYHO: TpaHchOpMaTop HE
HMEET JKEIIE3HOr0 CEPACYHMKA, €0 MEpPBUYHAS OOMOTKA H3 OUCHb
TOJICTOTO MPOBOJA HAXOMUTCS CHAPYXKH, a BTOPUYHAS BHYTPH, B
MEPBUYHYIO LEMb BKIKOYACTCS BBICOKOYACTOTHBIA  Pa3psIHUK,
KOTOpBIA HAJ0 HACTPAUBATh B PE30HAHC C KOHTYPOM, 0Opa30BaHHBIM
MEPBUYHON OOMOTKOW M KOHJEHCATOpoM. B aToM TpaHchopmarope
ko3 duueHT Tpanchopmanmu HE COOMIOAACTCS, T. K. HA BBIXOMC
HaNpPsDKCHUE MOTYYACTCsl 3HAYUTEIBHO OOINBINE, YEM 3TO CICAYET M3
OOBIYHBIX PacyeToB. A, BOpOYEM, KTO €r0 3HACT, BEAb HUKTO TAaK H HE
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MPOBEPSsUT BCEX MApaMeTpoB W HE MPOU3BOIWI HEOOXOAMMBIX
pacyeroB, MOCKOIbKY HUKAKOH METOJOIOTHH IS 3TOTO TaK HHUKTO U
He cozaan. M mo sToli ke MpUYMHE HAmpaBJCHUE, pa3pabaTeiBacMoe
Tecnoii, He mOMYYHIIO pa3BUTH, TeM Oolee, YTO TOrAa YKE Havaaach
3pa BaKyyMHOH TEXHHUKH, B KOTOPOU BCE OBLIIO SICHO.

OnxHako CerogHs BO3HUKIH COOOpakeHHs, 4TO K paboTram THma
Tex, kotoprie mposoaua H.Tecna, Hazo Obl BEpHYThCS. ITO CBSI3AHO C
MOSIBICHUEM  HOBOW  o0OJacTh  TeopeTwdeckod — ¢pusmkm  —
3(UpOoINHAMUKH, KOTOpPasi BOCCTAHOBWIIA MpeAcTaBicHus o0 a¢upe —
ra3onofoOHON cpeae, 3amoMHSIOMEH Bce MHPOBOE MPOCTPAHCTBO.
Adup okazancs razom, Ha KOTOPBIH PACHPOCTPAHSIOTCS BCE 3AKOHBI
OOBIYHOI Ta30BOM MEXaHHMKH, M TMOSBHIACH IIEPBas BO3MOXKHOCTb
paccMoTpeTh ¢ OTHX no3unumii pabory Tpanchopmaropa Tecmsl,
KOTOPBIA KaKHUM-TO 0Opa3oM HYepHaeT SHEPTHI0 U3 OKPYKAFOLIETO
npoctpancTBa. [locTaBieHHbIE MPEABAPUTENBHEIC OIBITEL TOBOPST O
MPHUHLUITHAATEHONH BO3MOXKHOCTH 3TOr0. JTO TEM 0O0JIee BEPOITHO, UTO
CEroJHs CYIICCTBYIOT TaK HA3bIBACMBIC TCILIOBBIC HACOCHI, a MPOILE
rOBOPsI, OOBIYHBIC XOIOJWJIPHUKH, KOTOPHIC UCPIHAIOT IHEPTUI0 U3
OKPYKAaIOIIEro MPOCTPAHCTBA M  BO3BpAINAIOT €€ TyJa IKe,
npeaBaputenbHo  oborpeB  momemenwe. WX knm  Bcerma  u
MPUHIMIIUAIBHO  Oombie  exuuuibl. 1panchopmarop  Tecsst
SIBISICTCSI, BEPOSITHO, MOXOOHBIM K€ TCIJIOBBIM HACOCOM, HO
YCPHAIOIM CBOI SHEPTHIO HE M3 PEKH, KaK 3TO JCTAr0T OOBIYHBIC
TEMIOBBIC HACOCHI, a U3 OKpykaromiero 3¢upa. Y cxemsl momyvarorcst
JOCTaTOYHO MPOCTHIMH. TPYIHOCTH BBI3BIBACT MOAOOP PEKHMOB BCEX
COCTaBISIIOLIMX LENH, a JIsi O3TOr0 HYXKHAa Teopus, HY)KHA
7a00paTopysl, OCHAIIECHHAs XOTs Obl HEKOTOPHIMH mnpubopamu. U,
TTIABHOE, HY)KHBI JIFOJM, KOTOPbIE HMMETH OBl JKEIAHWUEC M TECPIICHUE
BBHITIIOJIHUTh MOJOOHYIO padoty. Iloka 3a mapom. Ho ecam uto-ToO
HAYHET MOJY4aThCs, TO. ..
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2. TennoBble HAacOCbI

2.1. «Beunwtit 0sucamenv», Hauana mepmoounamuku u
Tennosas cmepmo Beenennoii

B coorBercTBMM C KIACCHYCCKHAM  OMPEACICHHUCM, BCUHBIH
JBUTATCITb — HTO MAIIMHA, KOTOpas, OyIydd OAWH pa3 3amyiicHa B
XOJ1, CoBepIIaa Obl MOJIC3HYI0 pabOTy HEOTPAHHUUCHHO JOATOC BPEMH,
HE 3aUMCTBYs SHepruro m3pHe. llocnexnss ¢pasa «He 3aUMCTBYS
OHCPTHMIO WM3BHE» O3HAYACT, UTO DHEPTHS, COACPXKAIIAACT B
OKpYIKAIOIIEH Cpeae, HE WCMONb3YETCS IS TIOMOTHCHUSA DHCPTUU
I[BI/I)KyH.[I/IXCH qaCTCﬁ MCXaHU3Ma ABUTraTCIId.

Ha pI/IC. 1 IIOKA3aHbI HpI/IMepr IIOIIBITOK CO3JaHUSA BCYHBIX
aeurarencii. B aTux mpuMmepax MmpeAmosaractcs, 4YT0 HEKOTOPOE
TSDKEIOE TENO, COBEpIIAs 3aMKHYTBIM IIyTh, BO3BPAIACTCS B
HUCXOJHOC TOMIOXKCHHUE, TIOMYTHO COBCPINUB TIONE3HYIO PaboTy.
OnHAKO TSHKETOE TEA0 B MEXaHU3ME HE TOJBKO COBEPINACT MOJIC3HY IO
paboTy, HO W pacTpauMBacT JHCPTUI0 HA MPCOJOJCHHUE TPCHUS
MexaHusma. [loaToMy, M3pacxoqoBaB DHEPTHUIO MEPBOTO TONYKA HA
COBCPIICHUE MOJIC3HONU pabOThl ¥ HA TCIUIOBBIC MOTEPH, BCSA CHCTEMA
Tel HEU30EKHO OCTAHABINBAETCSL.

Puc. 1. BapmaHTbl KOHCTPYKIHH BE€YHOI0 JBHraTejsi: d) C
MEPEKATHIBAOIICHCS 3aMKHYTOIl IICTIBEO; 0) C TICPEKATHIBAFOIMMHCS IIAPAMHU.

B Oomee CrmoXKHBIX KOHCTPYKLHMSAX MEXaHHYECKas SHEPrus
HNpeBpaIIacTCs B APYroil BUJ — TEINIOBYIO, 3JEKTPUUYECKYIO U T.II., HO
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CyTh OCTaeTCs TOW JKE. B COBCPIICHHH TIONE3HOH PaboThI
WCTONB3YETCS JHEPrHsl IMEPBHYHOIO TOMYKA M IO MeEpe ee
M3PacXOJ0BAHHUS cucrema OCTaHABIINBACTCS. Hukaxkuvu
MPEBPALICHUSAMI HEb3sl YBEIUYUTH OOIIEe KOIUYECTBO SHEPTHUU B
cucreMe, W 310 oOmenpu3HaHHO. [losToMy HHKakWX BEYHBIX
JBUTATENCH OBITh HE MOJKET.

HeBo3moxkHOCT  CO3maHUS ~ BEYUHOrO  JBUTATENSL  ObLIa
MOATBEPXKIACHA B cepexuHe 19+o cromerust (opMynHpoBKaMU
[MepBoro u Broporo nauan tepmoaunHamuku [2].

IlepBoe HaYanO TEPMOAWHAMHKH YTBEPMKAACT, YTO CCIAHM CHCTEMA
COBCPILIACT TEPMOJUHAMHYCCKUN LHWKI, T.6. BO3BpalIacTcs B
HCXOOHOE COCTOSIHHE, TO IOJHOE KOJIHYECTBO TEIUIA, COOOIIECHHOE
CHCTEME Ha MPOTSLKECHUM LKA, PABHO COBEPIIAEMOIT cto padoTe.

IlepBoe Hawamo TEPMOIWHAMHKH TMPEACTABISICT COOOH TIO
CYLICCTBY BBIPAXKCHUE 3aKOHA COXPAHCHUS SHEPTUU ANl CHCTEM, B
KOTOPBIX ~CYIICCTBCHHYIO POJb HIPAIOT TEILIOBBIC IPOLIECCHI.
JHepreTuyueckass HSKBUBAJICHTHOCTh TEIUIOTBI M paboOThI, T.C.
BO3MOYKHOCTh M3MEPCHUS UX KOJIMYECTB B OJHUX U TEX )K€ CAMHULAX
U TEM CaMbIM BO3MOXKHOCTb UX CPaBHCHHS, OblIIa JOKAa3aHA HEMCLIKUM
¢uzuxom HO.P.Maiiepom B 1842 r. u OCOOCHHO aHTIMYAHMHOM
bk .Jlxoynem B 1843 r. IlepBoe Hawyamo TEepMOIUHAMUKU OBIIO
chopmymupoBano MaiiepoM, a 3aTeM B 3HAYUTEIBHO OONEC SICHOU
dhopme Hemeukum ¢uszukom I.I'enpmronsuem B 1847r. [Ipusencuuas
BhIIIEC (JOPMYIUPOBKA PABHOZHAYHA YTBEPIKICHUIO O HEBO3MOXKHOCTH
CO3JaHHs BEUHOro asurartens 1-ro poxma, MOCKOIBKY YacTh SHEPTHUU
cucTeMoil Hen30exHO OyIeT MoTepsIHA B BHIC TEILIA.

3anpemas BeuHblid aBurateabr 1o poxa, Ilepsoe Hauamo
TCPMOJUHAMUKYA HE HCKIIOYACT BO3MOXKHOCTH CO3JaHHS TakKou
MAIIMHBl HENPEPBIBHOIO JCHCTBHS, KOTOpas Obina Obl crocoOHa
MpeBpaLaTh B MOJC3HYIO PadOTy MPAKTUYECKH BCIO MOABOIUMYIO K
HEH TEILIOTY, TaK HA3BIBACMBIH, BEUHBIH IBUraTe/Ib 2-TO Poja.

OnmHako BECh OMBIT MO KOHCTPYWPOBAHHIO TEIUIOBBIX MAIIVH,
vMeBIIMiics B Havyame 19140 Beka, ykaspiBajl HA TO, YTO KIIX
(ko3 dHuUMCHT TONE3HOrO0 ACHUCTBHUS), T.€. OTHOLICHHE MOTYYCHHOU
paboTEl K 3aTpadyeHHOMY TEILTY BCETAa MEHBLIC CAWHULIBI, T.K. YaCTh
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TEIUIOTH HEM30EIKHO paccenBacTes B okpyskaromyo cpeay. C. Kapuo
nepBbiM B 1824 roay mokaszanm, 4YTro 3TO OOCTOSTEIBCTBO HMECT
MPHUHLUIHATBHEIA XapaKkTep, MOCKOJbKY r00as TEIyIoBas MallHHA
JODKHA COJCPKaTh MOMHUMO HMCTOYHHKA TEIUTOTHI (HArpeBaTens) u
pabouero Tena, HampuMep, napa, COBECPLIAIOLIETO
TCPMOJUHAMUYCCKUI LUK, TaKXKE M XOIOJWIbHUK, HMCIOLIHIHA
TeMIeparypy, o0Os3aTenpHO Oojee HH3KYIO, YEeM TEMIeparypa
HarpeBaTesl.

O6o00menue BeiBOAa KapHO HA MPOM3BOIBHBIC TCPMOJHMHAMHYC-
CKHE TMPOLIECCH, MPOTEKAOIIUE B MPHUPOAE, JaHO BTophiM Hauamom
TEpMOJUHAMUKHY, KoTOopoMy Hemeukud ¢usuk P.Knaysmyc B 1850
roay Jal CICAVIOIYI (OPMYIUPOBKY: TEIUIOTA HE MOXKET
CaMONPOU3BOIBHO MEPEUTH OT CUCTEMBI C MEHBIIEH TEMIIEPATYPOH K
cucreMme ¢ Oompueii Temmepatypoii. Hesasucumo or Knaysuyca u B
HECKOJbKO MHOW (hopme 3ToT mpuHumn Bbickazan Y.Tomcon (mopa
KenpBuH): HEBO3MOKHO MOCTPOHUTH MEPHUOAMYCCKH ICHCTBYIOLIYIO
MAINHY, BCS ACATCIBHOCTh KOTOPOH CBOAMIACh OBl K MOIHSTHIO
HEKOTOPOT'O Ipy3a, T.e. K COBCPLICHUIO MEXaHWYECKOH paboThl U
COOTBETCTBYIOIIEMY OXJIKICHHIO TCIIJIOBOIO pe3epByapa.

HecmoTpst Ha Ka4decTBEHHBIH XapakTep 3TOrO YTBEPIKACHHS, OHO
MPUBOAUT K JANCKO HAYIIAM KONMHYECTBCHHBIM  CICICTBHSIM,
HAIpUMEpP, MO3BOJICT ONPEACIUTh MAaKCHMAIBbHO BO3MOXKHBIM KIIX
TermoBoi MamuHel. Ho 0COOCHHO BHEUATNISAIOMMM BBIBOAOM U3
Broporo Hawana TepMOIMHAMMKHM OKa3agach Tak Has3blBacMas
Temnosas cmeptp Beenennoii [3].

IIpencrasacuue o Temnosoii cmeptu Beenennoit copmynuposan
B 1865 r. P.Knaysuyc, nmpoaHanm3upoBaB CIEACTBUS, K KOTOPBIM
npusoxuT Bropoe Hauano tepmogmHamuku. [lockombky TemioTa He
MOYET CaMOIPOM3BOJBHO MEPEXOTUTh OT MEHEE HATPETOro Tena K
Oomee  HarpetoMy, a JOOble  mpeoOpasoBaHUs  SHEPTUU
CONPOBOXKIAIOTCS ~ TCINIOBBIMHM ~ MOTEPSIMH, TO ONHAXKIBI  BCE
TEeMIIepaTtypsl BO BCElIeHHOW BBIPOBHSIOTCS, M BCE IPOLIECCHI
HPEKPATSITCSL. Hacraner Temnosas CMEPTb. Hamumo
TCPMOJUHAMUYCCKHI Tapaokc, MOCKOIbKY BcenmeHHas momkHa
cymectBoBath BeuHO. [lotomy uto, ecnu Oyaer Kowneu, To ObLI0 U
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Hauvano. A Torza kak >xe OHa MOSIBHIACH HA CBET, HE B PE3YJIbTATE JKE
Bonpioro B3priBa nnmm boxecTBEHHOr0 TBOPEHUS ?

Coobmenne Kriaysuyca o wHemsbexxkHocTr TerumoBoit cmepta
BceneHHoi BbI3BANIO HEBEPOATHBIN MEPEIIONOX KAaK Cpeau (PHU3HKOB,
TaK U CpeAu OOBIYHBIX TrOACH. By mpeanpuHsITEL MHOTOYHCICHHBIC
IONBITKA  OmpoBeprHyTh  BeiBOABI  Kiaysmyca.  JI.bomemmas,
HAmpUMEpP, BBIABHHYI THIOTE3y (IYKTYalHid, B COOTBETCTBHUHU C
koTopoii BceneHHas, XOTS W HaxomUTCS BCErAa B HEKOTOPOM
TEPMOJUHAMUYCCKOM PAaBHOBECHHM, HO IO BOJE CIy4as HEHPEPHIBHO
(GIYKTYHpPYeT, MO3TOMY THPOLIECCHI BCE BPEMs MPOIOIDKAOTCS.
Croponnuku Teopur OTHOCHTENBHOCTH JWHINTCHHA BBIABHHYIH
JPYTYI0 BEPCHIO, B COOTBETCTBHH C KOTOpoi BeiBOAy Krnaysmyca
nporuBopeunt ¢axr (?!) pacmupenus BceeneHuoid, poxuBIuciics B
pesyabTate «bompmoro B3peiBa» CHHTYISpHOI TOYKH, B KOTOPOH
OblTa cocpeaoToucHa BCs Macca Oyayimedi Bcenennoit. Macca
Bcenennoit mocne B3peiBa cTama pasmeraTtbcsi BO BCE CTOPOHBI CO
CBCPXCBETOBOM  CKOPOCTBIO,  TMOCKONBKY  4€pe3  HECKOIBKO
MULIICEKYH] OHA CTalla IMETh Pa3MEpPhbl B HECKONBKO CBETOBBIX JIET
(?!), d9ro  MOTHOCTBIO  MPOTHUBOPEYUT  CaMOM  TCOpHUEH
OTHOCUTEIBHOCTH,  3alpeljaromeii  modoe  IBIKCHHE €O
CBEPXCBETOBBIMH ~ CcKOpocTsMu. Ho cerogHs cuwrtaercs, 4TO
pasberanne BceneHHON sKOOBI MOATBEpPIKOACTCS HAOMIOJACMBIM
«KpacHpIM CMEIIECHHEM» CIICKTPOB JAJICKUX TanakTHK. BcerneHnas
pacumpsieTcss U MO3TOMY BCE BPEMsI HAXOAUTCS B HECTALIMOHAPHOM
cocrosinuu. CraengosatenpHO, TemaoBod cMepTH  HE  OYIeT.
BosmokHOCTE  0OBsicHeHHMsT  «KpacHOro CMEIICHHSI» APYTUMH
cnocobaMu, KOTOPBIX MHOTO, PESITHBHCTAMH HE paccMaTpuBaeTcs. A
TO, 4T0 cama muzaes <«bompmmoro BiapsiBa» IPOTHBOPEUNT OCHOBAM
camoii Teopun OTHOCHTENBHOCTH, PETSTUBUCTAMH UTHOPUPYETCS.

[Tpu3zHaTe Takue «OOBSICHEHUS» YIOBICTBOPUTEIBHBIMU TPYAHO. B
MEPBOM CTydae MPEANONAracTcs, 4YTo BCE MOABEPIKECHO CIYyIAHHOCTH
6¢30 Beskux npuuuH. CleACTBHUS U3 TAKOrO «OOBSCHCHHS» HOCAT
BECbMa HEOMPEACICHHBII XapakTep, HOTOMY YTO HEMOHSTHO, KaK 3TU
ciaydaiiHpie  (QIYKTyallid  Peamu3yioTcs BO  BcemeHHOM — ams
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MOJACPKaHMSI €¢ B PabOTOCOCOOHOM COCTOSIHUHU, 3TOr0 bombiMaH
HUTJC HE yKa3all.

Bo BTOpoM e caydae BBI3BIBACT COMHEHHs cama Teopust
OTHOCHUTEIBHOCTH, SIKOOBI «OOBSCHSIOMAN» MapagoKC, MOTOMY HYTO B
caMoil 3TOH «TEOPHUM» CTONBKO MOCTYJIATOB U HECOOOPAa3HOCTEH, UTO
HE BHICTh 3TOTO MOTYT TOJIBKO NMPEMOJABATEIH 3TOH JUCLHILIHEL.
Ha camom ke meme, «KpacHOEC CMCIICHHE» MMECT NCCATKH CaAMBIX
pasHBIX OOBSCHEHWH, HE MMCIOMHNX HHUKAKOTO OTHOLICHHSA K
pacummpennto BceeneHHol, Hampumep, mnoTepro (OTOHaMH CBOEH
SHEPTHU 3a BPEMsI HX MyTEIICCTBHA MO mpoctopam Beenennoi, n3-3a
4ero caMu (POTOHBI PACIIUPSIOTCS H YBETHYUBAIOT IJIHHY BOTHBI. JTO
MPCATIONIOKEHUE HAXOOUTCS B MOTHOM COIJIACHU C TEOPHEH ra30BBIX
BHXPEH, YTO BBI3BIBACT MPEANOIOKCHHS O CTPYKTYpE caMuX (DOTOHOB
KaK CUCTEME 3(DUPHBIX BUXPEH.

[TosToMy PUXOANUTCS KOHCTATHPOBATH, YTO «CEPHE3HBIC» YUCHBIC
MoKa HE  NPUAYMATH  VIOBICTBOPUTEIBHOTO  pa3peLICHUs
TepMoIuHaMu4ecKkoro mapagokca. [IpaBaa, oHH Bce yarie roBOpsT O
HEOOXOIMMOCTH COCAWHCHHS HAYKH M PENUTHH, HA KOTOPYIO MOXKHO
ObLTO OBI CrIMCaTh BCE HEOOBSICHEHHBIE A0 CHX MOP (KT, U AaxKe
YCTPaMBaOT COBMECTHBIC C LICPKOBbIO KOH(pepeHImu (B 3TOM
npeycrenu, HanpumMep, «cepbesnbie yaeHsie» MBTY um. Baymana). ..

CeromHst MHOTUM CTaNO MOHATHO, YTO MPEACTABICHHUS O CYIIHOCTH
k03 durueHTa IOJIE3HOT O nelicTeus u COOTBETCTBEHHO
MPEACTABICHUS O BEYHOM JBUTATENC HYKAAOTCSI B KOPPEKTUPOBKE.

Ha camom gene koa(uumeHTOM MOIE3HOrO ACUCTBUS JTFOOOrO
VCTPOICTBA CIEAYET CUUTATh OTHOIICHHE MOIYYCHHOU BEITUYMHEI
MOJIC3HON ¢ MOuKU 3PeHUsi NOCMAGIACHHOU Welud DSHEPTUU K
BEJIMYMHE, 3aTPAYCHHON 0/is1 9moii yenu >ueprun. Y BenudauHa 3TOr0
KII OYZET 3aBHCETh KaK OT MOCTABICHHOW LETH, TaK U OT crmocoda
JOCTHIKCHUS 3TOM LS.

Ecnmun nenpro sBASETCS MOTYYECHHE MEXAHHYECKOH paboOThl €
MOMOILIBIO TCIJIOBOM YCTAHOBKH, TO, KaK 3TO CHPaBEIJIUBO
OTPEIENCHO TEPMOANHAMUKOM, KM BCErJa M MPHHLUIHATIBHO OyACT
MeHplIe eauHHUnbl. OZHAKO €CTH LENBI0 SBISETCS MMOTYYCHHUE
TEIIOBOM SHEPTHH € OMOIIBIO MPUHYIUTEIBHOTO NIEPEHOCA TEIIA OT
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XOJIOAHOTO TEIAa K HArpeToMy, TO KIIA BCCTAA W HPHHIHWIHAILHO
Oyaer Oojbine CIUHHUIBI. BCe XOMOJMIBHUKH HMMCIOT KIA OOJbLIC
COMHULIBI, TMOCKOJBKY OHH HE TOJBKO BBIACISIIOT B BHAC TCILIA
SHEPTHUI0, B3ATYKD MMU U3 CETH, HO M JOOABJSIOT K HEMY TEILIO,
B3STOC U3 XOIIOAWIBHONM KaMmephl. A MOCKOIbKY DHEPTHUHU TCIJIA HA
BBIXOJIC OKa3bIBACTCS OOMbIIE, YEM Ha BXOJE, TO BOZHUKACT COOIA3H
3aMKHYTh cuctemy. IIpaBsaa, 3Toro HUKOMY €Ire He YAaIoCh CAenaTh,
HO, MOKET OBITh, 3TO BPEMEHHO?

3ajmaueii HacToswel paboTH SIBISICTCS H3MECHCHHE MPEICTABICHAN
0 MPUHLHITHATEHON HECBO3MOXKHOCTH CO3TAHUS BCUHBIX JTBHUTATCIICH,
T.C. YCTPOWCTB, BBIPAOATHIBAIOIIUX TMOJIC3HYID JHCPIHIO 3a CHUCT
oOpatieHust K BHEHIHEH cpedc. Bce Takue ycTpoicTBa AOIKHBI
paboTaTh MO MPUHLIKITY TaK HA3BIBACMBIX TCIUIOBBIX HACOCOB, U TAKUX
YCTPOUCTB V>KE€ CO3JAHO MHOXKECTBO. HO BO MHOrMX cCiaydasx camu
aBTOPHI HE MPECTABIAIOT, U3 KaKOTO YK€ PE3EPBYyapa IHEPTHH OHU €€
ugepnator. [loatomy 3aece mpeanpuHsATA MOMBITKA OOBSICHUTH 3TO
00CTOSTENBCTBO € MO3ULMIA HAPOXKIAFOIIEHCS HOBOH obnactu Gu3uku
—3(}upoauHaMUKH, KOTOPOH MPHHAIECKUT OOoNbIIOEe OyAyIIEe.

Cnoputs co cnpaseqmuBocThio Hauan TepmoamHamMuku, Kak 3TO
JENMAlT HEKOTOpbIe M300peTaTend, HET HHUKAKOH HEOOXOIUMOCTH,
nmotoMy uto 3tu Hawana Bepubel. HempaBwibHBI BBEIBOABI, KOTOPHIC
JCHAAIOT W3 HUX HCKOTOPBIC «CCPBC3HBIC YUCHBIC», IMOCKONBKY B
KOKIOM CIy4ae HYKHO paccMaTpuBaThb HpoONEMy BO Bceil ee
MOJIHOTE, @ HC TOJBKO TO, YTO JCKHT Ha ToBepxHOcTH. U Torma
BBIBOJIBI MOTYT OBITH HHBIMH.

OxHaKko BCSKHI KOHKPETHBIM MPOLIECC MMEET HAYANIO0 M HMECT
KOHEIL[. DHIEITC 110 ITOMY MTOBOJY IMTHUIICT:

«...d BOT MBI CHOBa BCPHYIHCH K B3IISITY BETUKUX OCHOBATCIICH
rpedeckoii ¢uaocopuu 0 TOM, YTO BCS MOPUPOAA, HAYUHAS OT
MCTBYANIINX YACTHI] €€ 10 BEIUIANIINX TCN, HAYUHAS OT NCCUNHOK U
KOHYAsl CONHIIAMH, HAXOOUTCAI B BCUYHOM BO3HHUKHOBCHUU U
HMCYC3HOBCHUM, B HCIPECPBIBHOM TCUCHUH, B HCYCTAHHOM JIBIKCHUU U

uameHenun». [@. Duerensc. [nanexkruka npupoxst. M.: UTTJI. 1969,
c.15]]
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Ho 310 BOBCEe HE 3HAYMT, YTO JBIDKCHHE KaK TAKOBOC MOKET
BO3HUKATh WJIH YHHYITOXKATHCS. [IBHIKCHHE BEYHO, U3MEHSICTCSI TOTBKO
ero (opma, KoTOpast U B CaMOM JENE B KaKAOM KOHKPETHOM ciydac
MMECT KOHKPETHOC BBIPAKECHHE M COOTBETCTBEHHO KOHKPETHOC
HAYajJ0 W KOHKpETHBIH KoHew. OOBIYHO 3TO CBS3aHO C MEPEXOI0M
bopM [JBIDKCHHS W3 BHYTPCHHHX BO BHCUIHWC, HAMpUMEp, H3
TCIUIOBBIX,  T.€.  XAOTHYCCKOrO  JBIDKCHUS ~ MOJCKYJI  Tel
(MHKpOYpPOBEHb) B JBIDKCHHE OJTHUX JKC WIM JPYIHX  Tel
(MaxpoypoBeHB), WK, HAOOOPOT, U3 ABMKEHHS T (MAKPOYPOBCHB) B
terioBbie hopmel (MUKpoOypoBeHb). Ho mMoryT ObiTh 1 ApyrHe.

2.2. Qu3uueckue pegonrouuu, 3pup u ezo poiv 8 npupooe

O TtoMm, 4TO COOOH MpPEACTABISIOT (PUIUUCCKUC PEBOJIOLUHU, B
COBpEMEHHOH  HayKkeé  CYIIECTBYET  HECKOJIBKO  IPEBPATHOE
mpeacrasicHue. Yame Bcero ¢Gu3MYECKUEC W APYrUe MHOAOOHBIC
PEBOIIONNN CBA3BIBAIOT C MMEHAMH BEJIHMKHUX JIIOJEH, CYIIECTBEHHO
W3MCHHMBIINX MPEICTABICHUS YEIOBEUCCTBA 00 OKPYXKAIOWICH €ro
TPUPOAC.

Huxomait KonepHnk, moabCKkuii yUeHBIHM, B CBOE BpeMsS HM3MEHHII
MPEACTABICHUS 00 YCTPOWCTBE MHpPA, 3aMCHHB TI'COLCHTPUYCCKYIO
CHCTEMY TE€IMOLIEHTPHUECKOM, MPOU3BEAS TEM CaMBIM IIEPEBOPOT B
yMax JIOAEH, W 3TO, HO MHEHHIO MHOTHX, €CTh PEBOIIOLHI B
MHPO3TaHUH.

Huxkomait WMBanoeuu JloGaueBCkuii mOpOM3BET PEBOMIOLUI0 B
TEOMETPUH, CO3JaB TaK HAa3bIBAEMYIO HEEBKIMJIOBY TI'€OMETPHIO,
COTJIACHO KOTOPOU 4Uepe3 OAHY TOUKY, JIEKAIIYI0 B OJHOU INIOCKOCTH
C OpsSMOH JIMHUEH, MOXHO IPOBECTU HE MEHEE ABYX MapalIeIbHBIX
€l TMHUI, HE COBHAJAIOMUX APYT C APYTOM.

Anpbept DWHINTCHH co3aan CrernuaapHy0 TCOPUIO
OTHOCHUTCIBHOCTH, OMIPUUAIOWYI0 Haluuue 3Pupa B TPUPOIL, U
OOIIyr0 TCOPUIO OTHOCHUTCIIBHOCTH, PMBEPHCOAIUWYI0 HaAludue
9¢hupa B TOH Ke MPHUPOJES, U TEM CAMBbIM MPOU3BEI PCBOJIIOLUIO B
yMax nroneit, Bees npeacrasineHus o boiasmom B3perBe niam Hauane
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BceneHHO#, MCKPUBICHHM TMPOCTPAHCTBA, 3aMEIICHUHA BPEMCHU U
OPYTUX TMPEACTABICHUSX, KOTOPBIC MPUHLMIHAIGHO TMPOBEPHUTH
HEJb3s1. DTO U €CTh PEBOJIOLHS B €CTCCTBO3HAHHH.

Tak monaraer odpunmaneHas Hayka. OZHAKO 3TO HE COBCEM Tak,
MOCKOJIBKY BCE 3TO HOCUT CYOBCKTUBHBIHN XapakTep.

Ha camom nmenme Gpu3ndecKuMy PEeBOTIOLUSIMHU SIBJISTFOTCS TIEPEX OB
B CCTECTBO3HAHUHM K BCE 0Oee TNTyOMHHBIM YPOBHSIM OpraHU3alMy
Marepun. Kaxaprii Takod mepexos HE TOIBKO YIIOPSIOYHUBAET
HAKOIUICHHBIC 3HAHHS, HO M OTKPHIBACT NPHUHLMUIUAIBHO HOBBIC
HAMpaBJICHHUS  MCCACAOBAHMKA W, CcaMoO¢  [IaBHOC,  HOBBIC
TEXHOIOTMYICCKUE BO3MOKHOCTH.

Bcero takux pesomroruit 6s110 mate [10,¢. 10; 11 ¢. 44].

Ilepsoii  pesonroyueii uenecooOpa3sHO CYMATATH MEPEXOX  OT
MPHUPOABI B LEIOM K CYOCTAaHUMAM, YTO HauOOIee MOIHO ObLIO
chopmymupoBano Apucrorenem B 4-M Beke A0 Hamieh spsl. llog
cyOcTanmmsiMu  moApasymeBanmucs  “3emust’  (TBepap),  “Boxa’
(xmmxocts), “Bo3ayx” (ra3) m “oroms” (SHEprus), T.C. arperaTHbHIC
COCTOSIHMSI BEIUECTBA. OJTO IMO3BOJIMIO PACWICHHTh MPHPOAY Ha
HEKOTOPBIC TPOLIECCHl W Jal0 OCHOBY (MIOCO(UH, KaK HOBOMY
METOJY MBILICHUS.

Bmopoii pesontoyueii cneayer cuntaTh BBEACHNUE B PACCMOTPEHHUE
BEIICCTB. 34eCh OCOOCHHO mpeycmen Hemeukwii Bpau Ilapanensc
(Ounumnm ¢ou ToredreiiM), mojaraBuIMiA, 4TO MPUYMHON OOJIE3HEH
SIBJSICTCS HEMPABHJIBHOC COYCTAHME BewIeCTB B opraHm3Max. OH
(baxTrdecku mOpoau (hapMaKOIOrHIO, YTO TMO3BOIMIO H3ICUUTh XOTS
M HE BCEX, HO MHOTHX. JTO MPOH30LLI0 B 16-M Beke.

Tpemveit peeontoyueii Obl1 TEPEXOA K KOpHycKynam (mo
JlomonocoBy), osnementam (mo JlaByasbe), MHUHHUMAIbHAS dYacCTh
KOTOpHIX OBlTa TMO3KE HA3BaHA MOICKYIOW (MalCHBKOW Maccoii).
daxruuecku 3T0 mpomsounto B 18 Beke, u 3TO Jan0 MOUIHBIN
TOTYOK XUMHU M XUMHICCKUM TEXHOJOTHSIM.

Yemeepmoii pesontoyueii 6611 iepexox k aromy (amsron, 1824),
M 3TO JAJI0 Pa3BUTHUEC SJICKTPUUYCCTBY. 34ECh CIPABEAIHBO YIIOMIHYThH
nmena [IpBu, Bombra, Ammnepa, ®apazes W MHOrMX APYrux
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MOABIKHUKOB DIICKTPUYCCTBA M XHMHH, H3 KOTOPOHl M BBILLIO
SICKTPHUYECTBO.

Ilamoit pegontoyueii Obl TIEPEX0 K “I7IEMEHTAPHBIM HaCTHLIAM
Beriectsa, 310 yxke 2041 Bek. OdopmMiicHO 3T0 OBIIO MOACTBIO aTOMa
Pesepdopaa (1911), orkpeiTHeM MPOTOHA, JACKTPOHA M HEHTPOHA,
ucKyccTBeHHON pammoaktuBHOCTRIO (Kropu, 1934), a mnozxke —
MaCCOBBIM OTKPBITHEM 3JEMCHTAPHBIX YACTHI[, YHCIO KOTOPBIX
JABHHHO HapacTalo MO MEpe BBEACHHS HOBBIX CHHXPO(a30TPOHOB,
JpOoOSsIIKX aTOMBI HA BCEBO3MOXKHBIE OCKOIKU. OTHAKO 3TO MPHUBEIO
K @TOMHBIM TEXHOIIOTHSIM.

Kaxxnprit  Takoii mepexonm sBisiacs (akTHYECKH BBOIOM B
paccMOTpeHHE HOBOro, Bce Oonee TITyOMHHOTO CTPOUTEIBHOTO
marepuana, NPCAbBIAYINAHA  YPOBEHb  OpPraHM3alid  MaTCpHUU
OKa3bIBaJCsS BCErO IUIIb KOMOMHATOPHKOM 3TOro MaTepuana:
BCIIECTBO —  KOMOWHATOPHKOH  MOJEKYd,  MOJCKYJIbl  —
KOMOWHATOPHUKOH aTOMOB, aTOMBI — KOMOMHATOPHUKOM 3JIEMCHTaPHBIX
4acTHL. DTO MO3BOSIO Pa3peLINTh HAKOMUBIUNKECS MAPaIOKCHl U
MPOTHUBOPEYHS, NMPHUBECTH B MOPSIJOK HAKOIUICHHBIA MaTepuan u
OTKPBITh HOBBIC IYTH HCCICIOBAHMSI. JTO M €CTh HCTHHHBIC
(u3HUeCKHE PEBOMIOLUH B E€CTCCTBO3HAHUH.

Pasymeercs, cMeHa TCOLICHTPUYCCKUX MPEIACTABICHUN  HA
TEUOLCHTPUYCCKHE, Mpou3BeacHHbIC KOMEepHUKOM, TaKKe MOXKHO
paccMaTpuBaTh KaK PEBOJIOLMIO, HO 3Ta PEBOIIOLMS HOCUT BCE JKE
YACTHBI XapakTep, OHA KACACTCs ACTPOHOMUHU M MPAKTHUYCCKU MaJIo
Kacaercss OOMIEro MOCTYNATCIBPHOIO Pa3BUTHS —ECTCCTBO3ZHAHM,
HEOOXOAMMOro Ansl OOLIECTBEHHOTO MPOM3BOACTBA. A PEBOIIOLHH,
mpousBeAcHHbIe JI00a4YeBCKMM B TEOMETPUH M JUHINTCHHOM B
CCTECTBO3HAHUH  BOOOIIE SBJSIFOTCSL  HE  PCBONIOLIMSIMH, @
KOHTPPEBOMIOLMSAMH, TOCKOJIbKY OHHM HE NPHOMMKAIOT HAC K
MO3HAHUIO PeaabHOU JCHCTBUTEIBHOCTH, 4 OTAANSIOT OT HEe.

Iepexoapr sxe k HOBOMY, Oojiee ITyOOKOMY YPOBHIO OpraHU3aIUH
MaTEPUH C€CTh PEANbHBIC PEBOIIOLMH, CIIOCOOCTBYIOLINE Pa3BUTHIO
€CTCCTBO3HAHMS, OHU MPUBOAAT K HOBBIM TEXHOJIOTHSIM M KAacaOTCS
BCETO MPOH3BOJCTBA.
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CeromHst MBI MEPEKHUBACM 3TAIl MCUCPIAHUS TOCTIDKCHHHA IMATOMN
CCTECTBCHHOHAYYHOH PEBOMIOLUH. 34 MOCICAHUE JECATUICTHS YHCIIO
HAYYHBIX  OTKPBITHMA  COKpPaTHIOCh,  TeOpeTudeckas  (pu3uka
(haKkTHUCCKH MPEBPATUIACH B MATEMATHUYCCKYIO (PH3HKY, HOBBIX HICH
MOYTH HET, a T€, YTO MOSBILIIOTCS, HE HAXOAT TOHUMAHUS Y
«CEPBE3HBIX YYCHBIX», KOTOPBIC BCE CIIE MIBITAIOTCS H3 «XOPOLIO
VCTAHOBJICHHBIX 3aKOHOB» MOIYYHTh YTO-TO HOBOE HA MYTIX
MaTeMaTHYECKON KOMOWHATOPUKHY.

Ha camom gene, B Hacrosimee BpeMsl CIOXKUIOCh THIIOBOE
MOJOKCHUE.  DJIICMCHTAPHBIC YACTULBI  OKA3ajWCh BOBCC HE
aaeMeHTapHsl, ux ducio konedmercs or 200 ro 20008 3aBucumMocT
OT TOT0, YTO CHHUTATh, BCE OHH CIIOCOOHBI TPaHC(HPOPMHUPOBATHCS APYT
B Ipyra, u Jake (GU3HMYCCKUi BakyyM (HE MycTas MyCcTOTa) CIOCOOEH
U3 TONCH POXKAATh TAKUE YACTHLBL. A 5TO 3HAYHT, YTO BCE STH
YaCTHUIBI COCTOSIT U3 OJHOTO M TOrO K€ CTPOHTEIBHOTO Marepuana,
KOTOPBIA CONEPXKHUTCS BO BCEM MHPOBOM IPOCTPAHCTBE, T.C. W3
3¢upa, KOTOPBII COBPEMEHHAs «HAayKa» OTBepria eme B Hauaie 2010
CTONETHS.

B nHacrostiee Bpemst yCTaHOBJICHO, ITO 3(up MpeAcTaBiseT coboit
TOHKHUH Ta3, 001aAaroIui BCEMH CBOUCTBAMHU OOBIYHOTO PEAIbHOTO,
T.€. BSI3KOTO M CKMMAeMOro raza. Ero mioTHOCTE B OKOJIO3EMHOM
npoctparcTee paHa 8,85.10%% kr/m®, HeCMOTps Ha CTOTb MANYIO
IIOTHOCTH, naBieHue B Hem pasHo 107 ITa, a sHeprocomep:kanme
cocrasager 10% Tox/ M3, ¥ B 3TOM OOnbplmasi MEPCICKTUBA SIS
Oy IyLICH SHEPTETHKH.

Craeayer HAaMOMHHTB, YTO HOTPEONCHUE SHEPTHU HEIOBEYCCTBOM
Ha BCE HYXIb — IPOMBILUICHHBIC, TPAHCIOPTHHIC, OBITOBEIE,
HCCIICIOBATEIbCKUE, BOCHHBIC H T.II. COCTABISET MO PA3HBIM OLICHKAM
or 107 o 10°% Jlxoyeit B ro, 1 eciu Gbl YAAI0CH OCBOMTS SHEPIHIO
x0T OBl ogHOrO Kybomerpa 3¢dupa, To 3TOH SHEPTUU YCIOBEUCCTBY
XBaTHJIO OBl HA MHOTHE MUITUApAbl jdeT. Ho 5TUM HOYTH HUKTO HE
3aHUMACTCsl, TMOTOMY HYTO COBPEMCHHBIMH  <«YYCHBIMH»  3TO
HATPaBJICHUE CUUTACTCS HE HAYYHBIM. ..
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2.3. Umo makoe «menioevie HAcocvi»?

XOJ'IOI[I/IJ'ILHLIC MaIlTUuHbI HIIN mpocCTo XOJIOAUJIPHUKH,
n3o0peTeHHbIC eme B Hadane 19 Beka anrmmuanuaoM [Dk. Jlecnw, a
3aTeM ycoBeplieHcTBoBaHHBIC (panimyzom @.Kappe um Hemuem
@ .BunaxayzeHOM OpoCHIM TEHb Ha BCEOOIIYIO CIPAaBEAIHBOCTD
Hauan TCPMOAUHAMUKN HC B CMBICJIC HUX HCCIPaBCAJINBOCTHU, a B
CMBICJIC BBITCKAKOLICIO M3 HUX YTBCPXKIACHUA O HpHHHHHHaHbHOﬁ
HCBO3MOXXHOCTH CO3JaHHUA BEYHOIO ABUTraTCIA.

Kaxk HU3BCCTHO, B KAXKIAOM XOJOAUJIBHHUKEC HMCCTCA XOJIOAHUJIbHAA
WIH JOKC MOPO3WIbHAs KaMepa, H3 KOTOPOW MPHHYIUTEIBHO
OTOHMpAETCs TEIIO M MEPENACTCS B OKPYXKAIOIIYIO CPEAY, HMCIOIIYIO
0osiee BICOKYIO Temmepatypy. lloaygaerces, uro Temio otoupaercst ot
00jice XOJOJHOTO Teda W MEPEHACTCs Ooliee TopsueMy TEIy C
MOMOIIBI0 IUPKYIUPYIOMIEr0 MEXAY HUMH XIaAAreHTa — KUJKOCTH,
CHOCOOHOH mpeBpalnaThCs B Map M TEM CaMbIM OTOHpaTh TEIIO, a
3aTeM B JPYrOM MECTE CHOBA MPEBPAIUATHCS B JKUIKOCTb, M TEM
CaMbIM OTAaBaThb TCILIO. HpaB;[a, TFOHATH 3Ty XHUIAKOCTb HY>KHO
OpUHYAUTCIPHO C IMIOMOLIBIO CICHUAJIBHOIO MUPKYIAMUOHHOI'O
HAcOCa, M IIO3TOMY CJIOBO «CaMOIPOHM3BONBHO», HMEIOLIEECS B
¢dopmymuposke Broporo Hawama, okaseiBactcs Hu mpu dem. Bce-
TaK{, HE CAMONIPOM3BOJIBHO, & IPUHYAUTEIBHO, 3TO MEHSIET JEIO.

CrpykTypHas cxema XOIOAWIbHUKA MPUBEACHA Ha puc. 2 [12].

1 2
l |

[ |

| I
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Puc. 2. CTpyKkTypHasi cxeMa XOJIOMIVIbHIKA: 1 — MOpO3WiIbHas Kamepa; 2 —
Kanopudep, BBLISISIOMMIA TEIUIOBYIO SHEPTHI0O B OKPYXKAIOIIYIO cpexy; 3 —
XJIaJIar€HT, IMPKYINPYIOMMA MEXITy MOPO3WIBHON Kamepoil U KaiopudepoM; 4 —
Hacoc, 00eCIIeUMBAIONIII IIMPKYIISIIMIO XJIaJlareHTa.
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Kak y»xe yka3piBamoch BBILIE, JBUKCHUEC MATCPUU HE MOXKET OBITH
HUKakuM o0pa3oM HH CO30aHO, HM YHHYTOXKECHO. B mpuBeIcHHOM
MpUMEpPE XONOJWIBHUK TMOTPEOISIET U3 CETH B  KOJTHYECTBE,
HEOOXOOMMOM s~ NPHUBEACHHMS B JIBIDKCHHE — HAcoca,
MEPCKAYMBAIONICTO XJIAaJarcHT, a Ha Kamnopudepe BBLACTICT 3TY
SHEPTHI0 IUTIOC Ty, KOTOPYIO OH NPUHYAWUTEIBHO 3abupaeT oT
XOJOJUIBHOM KaMepbl U MPOJAYKTOB, HAXOASMIUXCs B Hell. OOmuit
OanmaHc sHeprun cOOMIOACH, HO KIIJ 3[E€Ch C TOUKH 3PCHUS BBLACICHUS
Temna Bcerga Oonplie eOUHHLBI. Eciau Jke LEembpio SIBISCTCS HE
o0OrpeB KOMHATBI C TOMOINBIO XOJOAWIbHHKA, & IOHIKCHHC
TEMIICPATYPHl XPAHSIIINXCS B HEM MPOAYKTOB, TO KIII OKAa3bIBACTCS
OTPHLIATETIBHBIM, MTOTOMY YTO TEMIIEPATypa B XONOIWUIBHOW Kamepe
OIyCKAETCs, W TEIIO OTOMpaeTcs. JTO eme pa3 AEMOHCTPHPYET
HEOOXOJMMOCTh YTOYHEHHS CAMOr0 MOHATHS KO — KoddduureHra
nojne3nozo (s MOCTaBICHHOW TCTH) ACHCTBUA.

Takum oOpazom, Ha kamopudepe, SBISIOLMMCS BBIXOJOM
XOJOANIBHOW MAIIWHBI, BBLACISICTCS SHEPTUH OONbIIE, YeM 3aTPaucHO
o1 obecneueHUs LUPKYISIOuM XnagareHta. M 310 3HauuT, 4TO
k03 (PHULIMEHT MOME3HOro AeHCcTBUS MHOOOro XONOIUITbHHUKA OONBIIE
eANHULB. B HEKOTOPBIX caydasx OH cocTaBiseT 3-4 u gaxe 5. A 310
OYCHb BBITOTHO, IOTOMY HYTO, CCTH IIOMECTHTh MOPO3HIBHYIO KAMEPY
B PEKY, 03€pO WM OKEaH, a Kanopudep pasMecTUTh B JJOME, TO MOKHO
Opare wu3 Bogel OdHepruu B 3-4 pasza Oombiie, 4YeM, €CIU
HEMOCPEACTBCHHO 000rpeBaTh KOMHATY MPOCTOH MEYKOH. ITO JaBHO
V)K€ MPUMEHCHO BO BCEM MHPE M MOTYYHIO HA3BAHUC «TEIIOBBIX
HacocoB». W nake paspabotaHa Teopusi, B COOTBETCTBUH C KOTOPOIt
TCIJIOBBIC HACOCH Pa0OTAIOT, HUCKONBKO HE HApyIIas HPHHLHUIOB
TEPMOJUHAMUKH.

Ho Tyt mosiBnsiercss cobma3H 3aMKHYTh CHCTEMY U 3aCTABUTh
XOJOJUIBbHYIO ~ MamwuHy  paborarb  BEYHO  0€30  BCSIKOrO
HCKYCCTBEHHOTO MOABOJAA K HEW SHEPrUH.

A mouemy Obi u Her? Beap MOKHO k€ M30BITOK JHEPTHH,
BBIICISICMBIIT  Ha Kajopudepe, HMEIOLIEM TEMIepaTrypy Oomee
BBICOKYIO, YEM MOPO3WIbHAs Kamepa, HCIOIb30BaTh IS 3aIycKa
Hacoca (puc.3).
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Puc. 3. MojepHI3NpoBaHHAsI cXeMa XOJI0IVIBHUKA € 3aMbIKaHHEM CHCTeMbl,
MPeBpAMAOIIAs X0JI0AIILHUK B BeUHbIIT IBHTaTeJIb!
1 — mopo3wibHas Kamepa; 2 — Kajxopudep, BBIISLIONII TEITIOBYIO SHEPIUIO B
OKPYXaIoOIIyIo cpefy; 3 — XJIaJareHr, IWMpPKYIUPYOIMA MeXTy MOPO3MIBHOM
Kamepoit U xKaopudepoM; 4 — Hacoc, 00ecIIeUNBAIOIIMIA IIMPKYJILIIO XJIaJareHTa; 5
— YCTPOHMCTBO OOpaTHON CBSI3H, IIEpeBO/IAINEe SHEPI IO Kanopudepa B SHEPTUIo IS
Hacoca XJajlarexHTa.

Torma mocie mepBoro TOMYKA BCS CUCTEMA MPHIET B ABIKCHUE U
OyZAET HEe TOMBKO KavaTh XJIAJIOHOCHTENb MO TPyOaM, HO M MOCTaBIATh
JApOBYIO SHEPTUIO B moMmeteHus Jist otoruieHus! Kyaa kak xopomro!
Ho anst aTtoro Hy:kHO, 9TOOBI H30BITOK SHEPrUHM ObLIT OOJBIIMM U
4TOOBI MPOU3BEACHUE ITOr0 M30BITKA HA KIII Hacoca ObuT OObIIe
exuannbl. Kopode roBopsi, HY)KHO, YTOOBI SHEPrHH BBLACISIOCH
Oouple, 4eM MOTPEOIIIET HACOC. A BOT 3TOr0O MOKA U HE MOTyYaeTcsl.

N xoTss BO BceM MHPE MOCTPOCHBI MHOTOYHCICHHBIC TCILIOBBIC
HACOCHI CaMBIX Pa3HOOOPA3HBIX KOHCTPYKLHHA, YTO OYCHb BBITOJHO
JUISI DHEPTETUKOB, 3aMKHYThb CHCTEMY TakK, YTOObl Moria paboTaTth
BEYHO, NIOKa HE yIAI0Ch HUKOMY.

OnHako 1O HACTOSINErO BPEMEHH BCE CIIE HE HAITIOCh TCOPETHKA,
KOTOPBIN J0Ka3an Obl MPUHLIUIIHATIBHYH0 HEBO3MOXKHOCTD 3aMBIKAHUS
XONOAWJIBHOH CHCTEMBI M TEpeBOJa €€, TaK cKasaTh, Ha
CaMOOOCTyKHBAHHE C LEbIO BBIMOIHCHUS 33Ja4d MEPEKAuKH TEIia
n3 Oonee XOMOAHOW peku B Oonee TEIIoe MOMEHICHHE. A MO3TOMY
MOMBITKA CO3JaTh TaKyK 3aMKHYTYIO CHCTEMY MPOJOJDKAIOTCA, H,
MOET OBbITh, OHHM YBCHYAIOTCS YCIIEXOM. JTOr0 BIOJHE MOXKHO
0)KUJAATh, TIOTOMY YTO ycIexa JOOHMBaeTcs HE TOT, KTO 3HACT, HTO
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3TOrO CAETATh HENb3s, & TOT, KTO 3TOr0 HE 3HACT, U MO3TOMY JCTIacT.
Uctopus n3obpereHuii 310 NOATBEPIKAATIA MHOTO pas.

3xece cneayer oOpaTuTh BHUMAHHE HA OJHO MPHHIMITHAATBHOC
00CTOSATENBCTBO.

B Hacrosimee Bpemsi H300pETEHO MHOXKECTBO YCTPOMCTB, B
KOTOPBIX KIIA, T.C. OTHOLICHHUE BBIACICHHON DHCPTHM K 3aTPavucHHON
Oospuie eOUHHUIBI. MHOTME ©W3 HUX 3allaTCHTOBAHBI, MHOTHC
peann3oBaHbBl B BHIAC ACHCTBYIOMX oOpasuos. M mpaktuuecku Bce
aBTOPHI ATUX YCTPOHCTB HE MOTYT OOBSCHUTH, OTKyJa OHU OCpyT
JOTNOTHUTEIBHYIO dHepruto, He monmmas ¢usnmdeckodl CyImHOCTH
WCIIOJIb3YEMBIX HMH TMPOLIECCOB, OHHM IMBITAKOTCA IOJABCPTHYTH
COMHEHHIO CyIIecTByIOIuUE (u3mdyeckne 3akoHbl, Te e Hauana
TEPMOAVNHAMUKH, & 3TO HCBEPHO. Takoi MyTh TYHHKOBBIH, MOTOMY
YTO, BO-TICPBBIX, OTH 3aKOHBI BCPHBI, a BO-BTOPBIX, ABTOPBI, HE
paso0paBlIMCh B HCHONB3YEMBIX HMMH MpPOLECCaX, ITUINAT cebs
BO3MO>KHOCTH YCOBEPLICHCTBOBATH CBOHM YCTPOMCTBA.

Ha camom ¢ aeme, B CBOMX MOMBITKAX OOBSICHECHUS MOTYYICHHBIX
umu 3¢ (deKTax OHH MPOCTO HE BCE OOCTOSATENbCTBA yumThiBArOT. W
Yaie BCEro, OHM HE YYHTHIBAIOT HAMUYHE 3PHpPa, OKPYKAIOIIEIo UX
VCTAHOBKH, M3  KOTOPOrO OTH  YyCTPOMCTBA M  YCPHAIOT
JOTOTHUTEIBHYIO 3Hepruto. MiMeHHO oOpasoBanue 3HUPHBIX BUXpEH
B OKPY’KAIOIIEM YCTPOHCTBO MPOCTPAHCTBE, a4 3aTeM MOTIIOLICHUE UX
MO3BOJSIET OOBSACHUTh Bce O3(PQEKThI, CBS3aHHBIC C YBCIHUCHUCM
SHEPTMM HAa BBIXOAE 3THX YCTPOHCTB MO CPaBHCHHUIO C 3HEPTHUCH,
MOJIYYEHHOU UMHU Ha BXOJE.

3. DHepreTukKa BUXpen

3.1. Hexomopule céedenus 0 KpUBOIUHECIIHOM 08U CEHUU

MeronoB mpeoOpa3oBaHus SHEPruu U3 OAHUX (OPM B APYTHE
CYLIECTBYET MHOXKECTBO. JTO H MpeoOpa3oBaHHEe TCIJIOBOW SHEPTUHU B

MCXAHUYCCKOC MABIDKCHHC B TCIUIOHCPTCTUUCCKUX —YCTAaHOBKAX,
HampuMep, B MapoBO3aX M Mapoxojax, MpeoOpa3oBaHHUC TEUCHUU
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BOABI M BO3AyXa B JJICKTPUYCCKYIO SHEPTHUI0 B THAPOTYPOMHAX U
BETPOBBIX T'CHEPATOpax, U MPEoOpa30BAHUC COTHCUYHON SHCPrUU B
SJICKTPUYCCKYI0 B CCIICHOBBIX DJJICMCHTAX W MHorue apyrue. Ho
CYLIECTBYET CIIE OJUH YUCTO MEXaHUICCKUM CIIOCO0 mpeodpa3oBaHus
SHEPTrUU MNOCTYNATEIBPHOTO IBIDKCHHUS TEM B HMX JKE€ BpaIlaTeIbHOE
JIBUOKEHUE, KOTOPBIM, C OAHOM CTOPOHBI, BCEM H3BECTEH, C JAPYroOH,
KOTOPOMY O CHX IOp HEC OKa3aHO NOJDKHOTO BHMMaHWs. [ Toro
4TOOBI MOHSTH, OYEMY OH 3aCTyKHBACT 0COOOr0 BHUMAHHUS, CACIYCT
HAIlOMHUTb, YTO B MEXAHHUKE CYIIECTBYET TPU 3aKOHA COXPAHEHUS
JIBIDKCHUS.

IlepBsiii 3aKOH COXPAHCHUSI — 3TO 3AKOH COXPAHEHUS KOIUYeCmEa
oguoicenus. Ero (hopMyIpHOE BEIpKCHHE

K = mv =const (2)

rae M—3To Macca Tena, a V —CKOpOCTb €ro ABIDKECHUS.

Panp1ie 3TOT 3aK0H HA3BIBAJICS 3aKOHOM COXPAHCHUS JKHBOU CHITBI,
a mo3ke (U3MKKM HA3BAIM €ro 3aKOHOM COXPAHCHUS HMITYJIbCA,
ITOCKOJIBKY CYIIECTBYET COOTHOIIECHUE

K =mv = FT = P(ummyssc cusl), (2)

rae F — cunma Bo3aeiicTBusI HA MacCy MITM MacChl HA IPYroe Teno, a T —
BpeMsl BO3ACUCTBHs. TYT €CTh COMHEHHE B CIPABEITUBOCTUA TAKOTO
MCPCUMCHOBAHHSI, MOCKONBKY B JCTAIIEM TEIC Macca W CKOPOCTh
€CTh, & HH CHJIBI, HI BPEMCHH €€ B3aUMOJCHCTBHS C APYTHM TEIOM
HET, W KOrJa OHH TMOSBATCSA, HHUKOMY HE wu3BecTHO. [loaTomy
BBIPKCHHIE «UMITYIBC CHITBI» COOTBETCTBYET MPEACTABICHUSIM O TOM,
910 caM (DaKT CYIIECTBOBAHMUS 3TOH MACCHI, JICTAIICH B MPOCTPAHCTBE,
HUMEET MECTO OBITh JIHILIb TOCTONBKY, MOCKOIbKY OHA MOXKET C KEM-TO
MpOB3aUMOACHCTBOBaTh. A ecium  Takoro  HabmromaeMoro
B3aMMOJCHUCTBHS HET, TO CYIUECTBYET Macca B PEATbHOCTH HIU HE
CYILECTBYET — HEBAXKHO, MOCKOJbKY HAOMIOJATh €€ HENb3s. A 3TO
BEACT K 00-0-01b1mM (prtocOPCKUM CITCACTBHSIM.
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Ho 3akoH coxpaHeHus KOMTUYECTBA ABHIKCHUS M B CAMOM JCNE
MPOSIBJISICTCS TIPH B3aMMOJCHCTBUH TEN, HO TOJBKO IPH HX YHIPYrOM
coymapeHun. Tema OOMEHUBAIOTCS KOJNWYCCTBAMH JBIDKCHHS, T.C.
UMIYIbCAMH M PA3NCTAIOTCS, YHOCS Ka)IbIi ¢ COOOH CBOIO JOIIO
KOJIMYECTBA ABIDKCHHS, CyMMa KOTOPOrO IO U IIOCIE COYJapeHUS
octaeTcsi HEM3MEHHOW. B 3ToM m 3akmrouaercst 3akOH COXpaHEHUS
KOITMYCCTBA JBIKCHHSI, OH JK€ 3AKOH COXPAHCHHS UMITYJIbCA.

Bropoii 3akoH coxpaHeHus: —3t0 3axon coxpanenus snepeuu. Ero
(opMyITBEHOE BEIPYKCHHE

mv’
W =——=const 3)
2

U OTJIMYACTCS OH, TJIaBHBIM 00pa3oM, OT MPEIOBLAYIIEIO TEM, HTO
CKOPOCTb IBIDKCHUS TEla B HEM BO3BOAMTCS B KBaJpaT. DTOT 3aKOH
co0MoaeTcsl Mpy BCEX BUAAX B3aUMOJCHCTBUH, KaK YHOPYrHX, Tak U
HE YIPYTHUX.

B cepeanre 1910 cronetrss MEXIy €CTECTBOHMCIBITATEISIMU LIET
MHOTOJICTHHI O)KECTOUCHHBIH CIOp, KAKOro THIA “IKUBOU CHIIONW’
HY>XHO HM3MEPATh JBM)KCHUEC — MPOHM3BEICHHEM MAaCCHl Ha CKOPOCTB,
WM JHEPrHEH, T.C. NMPOM3BEICHHCM IOIOBHHBI MAacChl Ha KBAaApaT
CKOpPOCTH, TOCKOJIBKY OBLIM U Takue, u Takue ciaydau. llox “sxuBoit
CHIION” pa3HbIC YUCHBIC MOHUMAJH pa3HbIe MEPHI ABIDKCHUS. DPusnku
TOrJa HE CMOTJIM PCUIMTh 3TOT CIOpP, U B ACIO BMemajics ¢umocod
Opunpux OHrempC, KOTOpBIA B CBOGH W3BeCTHOH pabore
«Jlnanektuka mpupoAp» B paszgene «Mepa IBIKEHHS — paboTa»
MoKasal, 4YTo 00€ Mepbl JBMIKCHHUS CIPABEIIMBBI, HO TOIBKO OJHA U3
HUX — KOJIHYCCTBO ABIDKCHUS CIPABCATIHBA AT HEYHHUYTOXKACMOTO
OBYDKCHHSI, a BTOpas — DSHEPrus — Ui YHHYTOXKAEMOro, T.C.
nepexosiuero B tero [13].

JHrenbe Tak ¥ numetr: «OTHUM CIOBOM MV — 3TO MEXaHHYECKOE
JBIDKCHUC, M3MEPSIEMOC MEXaHUYICCKUM K€ IBIDKCHHEM, MVE/2 —3T0
TO JKE€ CaMOC MEXaHWUYECKOC JBW)KCHHE, HO H3MEPSEMOE €ro
CHOCOOHOCTBIO TIPEBPAINATBCS B OMPEACICHHOE KOTHYECTBO APYTOit
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¢dopmel akenus. M mbl Buzenu, 4ro o6e 3TH MEpHI, TEM HE MEHEE,
HE MPOTUBOPEYAT APYT APYrY, TaK KaK OHU PAa3IUYHOIO XapakTepa»
[13,c.77].

C Tex mop Tak UMM H MOIB3YIOTCS, YACTO, MpaBaa, 3a0bIBasi, 4TO
SHEPrUsi — 3TO MEpa 3araca JBHKCHUS, CIOCOOHOro oOpalnathcs B
TEIIO.

JHrenbC MUIIET: «...depe3 MV H3MEpsIeTCsl «IBIDKCHUE, mepeaa-
BAcMOEC M BUJOHM3MCHSICMOC MEXaHHYCCKUMU MPUCIOCOONCHUSMI,
TakuM o0OpasoM, 3Ta Mepa NPHUMEHHMAa K pb¥ary M BCEM
MPOU3BOAHBIM M3 Hero ¢opmam, KoilecaM, BHHTAM H T.O. KOpOdYe
TOBOpPsI, KO BCEM MEXaHHYECKHM MPHCIOCOOICHUSM, MEPEIArOIIM
gewkeHne. Ho omHO mpocTo M BOBCE HE HOBOE PaCCYKICHUC
MOKA3bIBAET, YTO 3JECh B TOM K€ MEPE, B KAKOM HMMEET cuiy MV,
mMeer cmmy u MV, BosbMeM  KaKOe-HHOYZb MEXAHHUCCKOS
MPHUCIIOCOOICHHE, B KOTOPOM IIJICYH PHIYArOB OTHOCATCS APYT K APYTY
kak 4:1, B KOTOpOM, CJCIOBATCIbHO, IPy3 B 1 Kr ypaBHOBCIIMBACT
rpy3 B 4 kr. [IpiioxuB coBEPIICHHO HUYTOXHYIO JOOABOYHYIO CHITY
K OXHOMY Iutedy, Mbl MOxkeMm momHsaTh 1 kr Ha 20 M; Ta e camas
J00aBOYHAsI CHJIA, PUIIOKEHHAS 3aTEM K APYroMY ILICUY, MOXHUMET
4 xr Ha 5 M., ¥ IPUTOM TPY3, MOTYIAOIIHUI MEPEBEC, OMYCTHTCS B TO
JKE camMoe BpeMs, Kakoe APYyroMy TIpy3y HOTpedyercss I €ero
MOAHATHS. Macchl U CKOPOCTH 34eCh OOpPaTHO MHPOMOPLHOHATBHBI
apyr mpyry: my, 1x20 = m'v, 4x5. Ecnu ke MBI NpeaoCTaBUM
K)KIOMY U3 IPY30B — MOCJIC TOrO KaK OHH OBLITH HOAHATH — CBOOOIHO
yOacTh Ha IEPBOHAYANBHBIA YpPOBEHb, TO rpy3 B 1 kr, mpoiias
paccrosaue B 20 M, mpuobperer ckopocts B 20m/c (MBI mpuHEMaEeM
3716Ch YCKOPCHHC CHIIBI TSKECTH PABHBIM B KPYTIbIX mudpax 10 wm/c?
BMECTO 9,81M/CZ);

Hpyroii ske rpy3 B 4 Kr, NpOias paccTosHHUE B 5 M, mpuoOpeTeT
ckopocts B 10m/c.

mV = 1x20x20 = 40 =m'v' %= 4x10x10 = 400.

HaoGopot, BpemeHna maieHust 34ech pa3auyHBL: 4 KT MPOXOIST
ceou 5™ B 1cekyHay, a 1 kr ceon 20 M. B 2 cekynasl. Camo coboit
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pazymeercsi, MBI 34eCh TNpPEHEOPErNM BIWUSHHEM TPEHUS U
COTNPOTHBIICHHEM BO3yXa.

Ho mocne toro kak kakaoe u3 OOOMX TET ymajxo CO CBOEH
BBICOTBI, C€ro JABIDKCHHE TNpekpamactcs. TakuM oOpazoM, MV
OKa3bIBAeTCS  34€Ch  MEPOH  IPOCTO  IEPEHECEHHOro,  T.C.
IPOJO/KAOMIETOCS  ABIDKCHHS, a MV OKa3sIBACTCS  MEpOid
MCYC3HYBLICTO MEXaHHUYECKOrO IBIDKCHUS» [Tam ke, ¢. 73].

Ho ectp u Tpernii 3akoH COXpaHEHHS — 3TO 3aKoH coXpaueHus
MOMEHMA KOIUYeCmed OUIICEH U], BRIPAKAFOLIIIACS KaK

L = mvR =const, 4)

U CIIPABEIJIUB OH IS CITy4aeB, KOTAA Macca JBIDKETCS MO TPAEKTOPUHI
C TIEPEMEHHBIM paanycoM R.

Ho tyT BO3HUEKatOT HekoTopbie TpyaHOocTH. [IpeacraBum cebe, uto
TENO IBIDKETCS MO KPHUBOH C M3MEHSIOLIMMCS PaIUyCcOM, HampHMeEp,
map, IBMKYLIUHCS TI0 JKeI00y ¢ MEePEeMEHHOM KpUBU3HOII (puc. 4).

Puc. 4. ]IpmikeHne mapa 1o KPHBOJIMHEITHOMY KeJIoOy € TepeMeHHOIl
KPHUBH3HOIT

Ecimn paamyc TpaekTopMM YMEHBINAETCS, TO COIJIACHO 3aKOHY
COXpPAHCHUS MOMCHTA JBIDKCHHS CKOPOCTh JOJDKHA BO3PACTaTh
00paTHO MPOMOPLIMOHATIBFHO OTHOLICHUIO PAJHYCOB!

Ry

Vo = Vp

(5)
R



JHeprusi BOKPYT HAC 193

Ho Torma wHapymaroTcs 3aKOHBI COXPAHCHHsS  KOIMYCCTBA
ABYDKCHUS WU COXPAaHCHUA SHCPruM, ImoToMy 4YTO HC BUAHO, IITO6I:I
SHEpPrus MOABOMIACh K ABIDKYIIEMYCS IO Tpaekropuu Ttemy. Ecmm
’KE CKOPOCTb COXPAHSETCs, TO 00a 3aKOHA BBIMOTHSIOTCS, HO TOTJa
HapymacTcsd 3aKOH COXPaHCHUS MOMCHTA KOJTMYUCCTBA ABUMXKCHUS.

OxHako 0Ka3a10Ch, YTO ABMKCHHUE MO KPHUBOM TPACKTOPUU MOXET
OBITh OCYIICCTBICHO ABYMS CIIOcOo0aMH — C TIOABOAOM SHEPruu U Oe3
MOABOJA SHEPTHH, M 3TO COBCEM pasHbic cay4dau (puc. 5).

£
_ V2= Vi
a ) V=V,
nL<r, mvr = const
r 2
w = const w=( 2 ) w,
2
lMNozpaHuy4HbIl
cnoii —
n>P,
O6racmb mopMoXKeHus1
8)

Puc. 5. /IBueHne Tesia o KpuBoOJIHHEITHONH TPaeKTOPUH:
@) BOKDYT IIUIMH/IPA; 6) BOKPYT HEITOBIYKHOTO IICHTPA;
6) pa3zpe3 HIDKHel YacTH cMepya.

Ecnmu Teno mBmkeTcst BOKPYT LIUIMHAPA, YIACPKHBAEMOE HHUTHIO,
HAMATBIBAIOLICHCS  HAa  LWIMHAP, TO  LEHTP  OKPYKHOCTH
nepemMeInaeTes no WHIMHAPY, U pamuyc ymenemaercs (puc. Sa). B
STOM CIly4ac HUTh BCE BPEMs HATSHYTA, M TEJIO IMOBOPAYUBACTCS
BOKPYT LICHTPA, HAXOISIIErocs HAa MOBEPXHOCTH IIMIMHIpPA. 31ECh
YTOJI MY TPACKTOPUCH MBIKCHMS TeNa U HUThIO coctasisier 90°, u
3€Ch HET HUKAKOW MPOCKLMHU CHITBI HATSHKCHUSI HUTH HA TPACKTOPHIO,
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M3-32 9TOTO HET YCKOPCHUS TENa, XOTS PagnyC TPACKTOPUH MEHsETCs!
TouHO Tak ke OH OyIeT MEHATBHCS U MPU KAUYCHHUH IIapa Mo jKenoly ¢
MCPEMCHHBIM PAJMYCOM, U MPHU STOM CKOPOCTh MEPEMCLICHHUS IHapa
OyIeT MCHSTBCS MO HANpaBACHUIO, HO HE MO BenmuuuHe. KOO
JOTIOHUTEIbHASI SHEPTUS K HEMY HE MOABOIUTC.

Ecnu sxe Temo ABMKETCS BOKPYT MOCTOSIHHOTO LICHTPA BPAIUCHUS,
TO [JBIKCHHE OYAET MPOMUCXOAWTh IO KPUBOH C IOCTOSIHHBIM
pagmycoM, TOTAa TPACKTOPHs IBIKCHUS TENa MPEACTABISIET COOOM
OKPY)KHOCTB, IOTOMY HYTO TOJBKO OKPYXKHOCTh €CThb KpHBas C
MOCTOSIHHBIM ~ paguycoM, Apyrux Her. [lpm 3ToM yrom Mexay
TpacKkropueii Tena u HuThio cocrasisier 90°, cuna, yaepskuBaromas
HUTb, HUKAKOW MPOCKLUMHU HA TpackTopuio He aaet. M eciau mpu aTom
HUKAKHAX MOTEPb SHEPTHH HE CYLICCTBYET, a TEIO YXKE ABIIKETCS, TO
OHO MOJKET BpalaThCs BOKPYT LICHTPA CKONb YTOJHO JOJTO, U €ro
CKOPOCTH MPH 3TOM OyAET MoCTOsTHHOM (prc. 50).

A BOT ecnu mpu ABMYKCHUH MAacChl BOKPYT HETIOBIIKHOTO LICHTPA
32 HHUTh MOTSAHYTh, TO TOrJAa PAaJHyC HAYHET YMEHBIUATHCS, U YOI
MEXKAY TpaekTopued n Huthio ctaneT He 90°, a menpine. Toraa cuna,
C KOTOPO#l TSAHYT HHUTh, JACT MPOCKLHMIO HA TPACKTOPHIO, M Macca
HA4YHET YCKOpAThCs. Takum 00pa3oM, YCKOPEHHUE MAcChl POUCXOIUT
32 CYET ODHEPrHH, KOTOPYIO BKIQABIBACT TSAHYIOUH 3a HUTh B
MEPEMEINCHUE MAaCChl K LEHTpY. [IpuMepoM STOMY SBISETCS
JOBIDKCHHEC  KOHBPKOOCXKIA, KOTOPBI  Bpamiacrtcs Ha  JIbAY,
NpeIBApUTEIPHO  BBHIOPOCHB  PYKH B CTOPOHBI, a  3aTeM
MOATATUBAIOIIMI UX K ceOe.

Pacuer mokaspiBaeT, YTO OPH TAKOM CIIOCOOE YMCHBIICHHMS
pazgmyca HE TONBKO B TOYHOCTH BBIMOIHSCTCS 3aKOH COXPAHCHHS
MOMCHTA KOJHMYECTBA [BMJKCHMSI, HO © 3aKOHBI COXPaHCHHUS
KOJIMYCCTBA JBIKCHUSI U DHCPTUH, IMOCKOJIBKY dHEPrus H00aBIsIETCS
BHCLIHUM MCTOYHHKOM, TEM, KOTOPBIH TSHET 32 HUTb.

Takum o00pa3oM, OKa3bIBacTCs BO3MOXKHBIM MpeoOpa3oBaTh
SHEPrHI0 HATSHKCHHSI HUTH B SHEPTHIO BPAIICHUS TElIa BOKPYT LICHTPA.
CeroaHst BBISICHHIOCH, YTO MMCHHO TOJOOHBIA MEXaHHM3M JICKHUT B
OCHOBE DJHCPreTHKH Tra3oBeIX Buxpeil (puc. 56), m B 3TOM 1%
SHEPreTUKHU OOJNBIIAs ICPCIICKTHBA.
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3.2. Awux Byoa. Omkyoa cmepyu u yukionsl Gepym snepzuro?

Hs mpoBepku ¢hakrta CKUMAECMOCTH Ta30BBIX BUXPEH ObLT
M3rOTOBJICH TaK HA3bIBACMBIH SIIUK Byxaa.

Amuk Byaa npencraBnser coboil OOBIYHBIN SIIIUK THIIA TOTO, B
KOTOPBI YIAKOBBIBAIOT IOCBUIKH, HO BMECTO KpBIIIKA HA HEro
VCTAHABIMBAIOT VIOPYIYIO MEMOpaHy, a B JHE HPOCBCPIHBAIOT
OTBEPCTHE AUAMETPOM 5-6 cM. BHYTpb 3aK1aJbpIBAIOT «IBIMOBYILIKY,
T... YTO-TO TaKOE€, YTO CIOCOOHO C€O034aBaTh JbIM, HAIPHUMED,
ropsyo pacuecky (puc. 6).

Pesknii yaap mo memOpaHe HPUBOIAMT K BBIOPOCY KOJBLIECBOTO
BHUXpsT M3 OTBEpCTUsl smmKa. Jlms BBISICHEHWS OCOOCHHOCTCH
(hopMHpOBaHUS BHXPS LIENECOOOPa3HO MyCKAaTh BUXPb BIONb CTCHKH,
Ha KOTOpPOW HAaYepucHbI MOJOCH. BUXph IBIDKETCS BIOIb CTCHKHU, U
BHIHO, YTO €ro JBM)KCHHE COCTOUT M3 TPEX STAIOB.

e —— T A

Puc. 6. ®opMupoBaHIe ra3oBOro TOPOHIAILHOTO BHXPS € IIOMOIIKIO
smuka Byma: 1 — cragus okaTus Topowja; 2 — CTajusl PacIMpEeHUsl TOPOUJa
(mapdysust); 3 — craws pa3Baia TOpousa.

1 stan — mocne BBLIETA W3 OTBEPCTHS TOPOHMIAIBHBIA BHXPb
YMEHBIIAET CBOM pa3Mephl, 3TOT MpOIlecC OCHOBHOI. B mporecce
CKaTHsI BUXPS €r0 SHEPTeTHKA TOBBIIIACTCS.

2 3Tam — BUXPbh YBEIHYMBACT CBOUM Pa3Mepel U 3aMEIISICT
CKOpPOCTb. 3JEChb SHEPIHs, HAKOIUICHHAs TOPOUIAIBHBIM BHXPEM
TpaTHuTCA.



196 T';1aBa 6.

3 osram  — BHXpb OCTAHABIMBACTCA W  pa3pyLuacTcs
(mrddyumupyer). 3aech OCTAOICHHBIN TOTPAHUTHBINA CIOH YK HE B
COCTOSIHUM TMPOTHBOCTOSTh LIEHTPOOCKHBIM CHIIAM U MPOHCXOAUT
muddy3us BUXPSL.

Takum 00pa3oM, 3TOT IKCIEPUMEHT, KOTOPBIH MOXKET MPOBECTU
1000 IIKOMBHUK, MOATBEPIKAACT, YTO HA HAYATHHOM 3Tarc ra3oBbIC
BHUXPU CXKHMAIOTCS OKpYKaromen atmocepoil u, cieqoBaTeIbHO,
HAKaIIMBAIOT JHCPTUIO. JaBiACHHC atMoc(epsl mpeodpasyercs B
KHHETHYICCKYIO SHEpruto BUxpsl. [Ipeamonoxenre NoaTBEp AHIOCH.

Kax u3BecTHO, Ha 3¢6MHOM IIape BpeMsi OT BPEMEHH MOSBISIOTCS
cMepur U TaldyHbI, mpeacraBisomue coOOil BO3AYIIHBIC BHXPH,
paspylaromue Bce Ha CBOEM IMyTH — Jieca, TOPOAa W Cena, OCyIuas
Oonora u moaHMMAasi B HEOO KOPOB W JArymiek. Yacto BO3HHKAIOT
LUKJIOHBI — 30HBI TMOHFMKCHHOT'O JABJICHHS, TOXE IMPEACTABIISIOLINC
co0oit Bo3aymHbie BUXpU. LIMKIOHBI IEpEMEINAOTCsI IO MOBEPXHOCTH
3emunu, Hees ¢ coboil yparansl, noxan u metean. OOpamaer Ha ceOst
BHMMAHHEC TOT (haKT, YTO U IUKJIOHBI, M OCOOCHHO, CMEpPYH U
Tan(yHsl 001agar0T OONBLION CHIION U, CIICIOBATEIbHO, HECYT B cebe
MHOT0 SHeprur. Bo3HHKaeT BOmpoc, OTKyAa OHU €€ B3sLIH ?

YCTaHOBIICHO  HECKONBKO  OOCTOSTEIBCTB,  CBSA3aHHBIX  C
NPUPOJHBIMU BO3IYLIHBIMU BUXPSIMHU. Bce OHM MMEIOT YILIOTHCHHBIC
CTCHKH U MOHIKCHHOC JABJICHHE B LICHTPE, B HuKI0Hax —Ha 10-20%.
CkopocTh mepeMeIIeHHsT BO3AYIIHBIX MAcC B BHXPSIX COCTaBISICT
3aMETHYIO JOII0 OT CKOPOCTH 3BYKa — JO IOJOBUHBI €r0 3HAYCHUS,
1.¢. mopsiaka 150u gaske 200 meTpoB B CEKyHAY, IPaBaa, 3TO TOIBKO
B cMepuax u TaiipyHax. Ho u B LMKIOHaX CKOPOCTH BETpa MOTYT
cocraBmate 20 — 30wm/c, a at0 yxe yparan. Camu K€ LHKIOHBI
MEPEMEIIAFOTCS [T0 HOBEPXHOCTU 3eMitH ¢O ckopocthio 50-60,uHorma
go 100 km/gac. ITO 3HAYUT, YTO CKOPOCTH HUX ICPEMCIICHHUS
COM3MEpUMa CO CKOPOCTBIO JBMKCHHSI BO3IyXa B caMOM LuKIoHe. 1
MOTOKH BO3JyXa BO BCEX 3TUX 0Opa3oBaHUAX — cMepuax, TaiipyHax u
LUKJIOHAX JBWKYTCS 10 BUHTOBOH TPACKTOPHHU.

Uccnenosanus BO3AYIIHBIX BUXPEH MOKA3aIH, YTO BCE OHU UMEIOT
TpyOUaTyr0 CTPYKTYPY, B KOTOpOW CTCHKH BHXPS YILIOTHCHBI,
LEHTpaTbHAass YacThb pa3pekeHa, a Bpamamomuecs ¢ OombIoit
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CKOPOCTBIO CTCHKM OTJCICHBI OT OKPYYKAIOIICH CPEIbl MOTPAHUUHBIM
crnoem (puc. 7).
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Puc. 7. IimHapAYecKHii ra30BbIil BUXPh: TI0IlepedHoe ceueHre BUxps (a);
pacripejieliecHie IUIOTHOCTH ra3a (6); 5Imopa KacaTelbHBIX cKopocteit  (6);
3aBHCUMOCTD YITIOBOM CKOPOCTH BpaIlleHus ra3a B BUXpe OT pajmyca (2)

B 3TOM Ccroe mpomcxXoauT mepexo] OT OTHOCHTENBHO HEOOIBIION
IJIOTHOCTH BO3AYyXa B OKPYXKArOLEM BUXPb MPOCTPAHCTBE K
3HAYUTEIBPHO Oollce BBICOKOW IJIOTHOCTU BO3AyXa B Tene BUXps. B
HNOTPAHUYHOM CJIO€ HNPOHUCXOAUT TAKXKE MEPEXOJ] TEMIEPATypsl OT
OTHOCHUTEIBHO BBICOKOH B cpeae K Ooliee HU3KOM B TENE BUXPSI.
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B coorBercTBHM ¢ Ta30BOM MEXaHMKOH TIpagWeHT CKOPOCTH
MOTOKOB Trasa, T... OTHOLICHHE PAa3HOCTH CKOPOCTCH IIOTOKOB K
PacCTOAHUTIO MCXKOY IIOTOKaMHu NpUBOAUT TAaKXKC K
MepPePaCpPEICICHAI0 JABICHUS Ta3a BHYTPHU MOTPAHUYIHOTO CIIOSL.

o mepe 3akpyTKH LEHTPATBHOTO MOTOKA BO3AYyXa LICHTPOOCKHA
CHJIa CTAHET BBITOHATH MOJICKYJIBI BO3AyXa U3 LIEHTpa Ha nepudeputo,
" JABJICHUC B LNCHTPC BUXPA HAYHCT CHIXKATBHCA. Ilo MCPC CHUXKCHUSA
JAaBJICHUS BHCIONHCC MOaBJICHUC HAYHCT IIOMKUMAThb BUXPHb, U CTO
ANaMCTP HaAYHCT YMCHBINATBHCH. Torz[a B COOTBCTCTBHH C 3aKOHOM
NOCTOSIHCTBA MOMCHTA KOJHUYCCTBA IABMIXKCHUSA CKOPOCTH BpAIICHUA
HAQYHCT YBCIUYIMUBATHCSA, U OABJICHUC B LICHTPC 6yI[GT CHIDKATBCI CIIC
6onbme. [lpomsoiizeT TaBUHHOEC COKpAIICHHE AMAMETPA BUXPS U
COOTBETCTBYIOIIECE YBEIMYCHHE JTUHCHHON CKOPOCTH MEPEMEIICHUS
BO3AYIIHBIX MacC MO €ro mepudeprn, 00paTHO MPONOPLIHOHATBHOS
OTHOIUCHUIO AUAMETPOB BUXPsI B HAYANC U B KOHLE mpouecca. M eciu
MEPBOHAYAIBHBIN JHAMETP BUXpPsS cocTaBisii 1 kM, a B KOHIE
mpouecca Bcero 10 M, To ectp guamerp cokparwics B 100 pas, To
CKOpOCTh MOTOKa raza sozpactet B 100pa3, a sHeprus B 10 Teicsy pas.
Ecnu HavampHast CKOpocTh OOKOBOro BeTpa cocrtasisuia Bcero 1 mic,
TO CKOPOCTbh ABMIXKCHHA CTCHKU BUXPS B KOHIIC ITPOLICCCAa COCTABUT
100m/c, a 3TO YK€ CKOPOCTh yparaHa.

[Tonywaercs, uro ¢GopmupoBanne BHUXpS arMochepoi 3emun
OpOUCXOAUT CaMOIIPOU3BOJIBHO, U ITPU 3TOM MOTCHUUAJIbHAA SHCPIrud
JaBICHUS BO3AyXa, OKPYKAIOIIETO BHUXpPb, mpeodpasyercs B
KUHCTUYCCKYIO ~DHEPrUI0  BPAINCHUS BHXPs. OJTOT  MpOILECC,
HECOMHCHHO, CYIIECTBYIOIINI B MPHUPOIE, MOTHOCTHIO MPOTUBOPEUUT
npcaACTaBJICHUIM Hauan TCPMOAUHAMMUKU, CCJIX Cro pacCMaTpuBaTth B
JOKaNbHOU 00IacTy.

OnHako 3TO He Bce.

VY aeprkaHue YIIOTHEHHOTO ra3a B JIOKATM30BAHHOM IPOCTPAHCTBE
BO3MOYKHO TOJBKO B CIIy4ac CHIDKCHHs ero Temmeparypsl. daxr
MOHW)KCHUSL TEMIIEPaTypbl B BO3AYLIHBIX BHXPSIX M BOOOIIC B
rpaavCHTHBIX TCUCHUAX BO3AYyXa MMIHWPOKO IMMOATBCPIKAACTCH. 3TO nu
o0neacHEHHEe caMoleTa BO BpeMs TMoleTa, W OoOIeIcHEHHE
BO3AyX03a00pHUKOB, u (opMUpOBaHHME rpaga B CMepyax ¢
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BBIOpACBIBAHMEM €ro TOPH30HTAIBHO ITHUPOKMM Beepom. Ho Torma
BOZHHMKAaET BOIPOC O TOM, KyAa [JEBAETCS OHEPrUs TEIIOBOTO
JBWDKCHHSI ra3a, KOTOpeId oOpasyetr cMmepdu. M oTBer TakoB: OHA W3
TEIIOBOH Mpeodpa3yercss B MOCTYNATEIbHYI0 SHEPTHIO MOTOKOB rasa
cTeHOK cMepua. CKOpOCTh KaKAOH MOIEKYIBI raza COXPAHSIET CBOKO
BEJIMYNHY, HO IIEPEPACTIPENEISIECTCS 110 HAIIPABICHUAM, YBEIMINBAsICh
B HANpaBJICHUM JBIKCHHS Ta3a B CTCHKE (TaHICHUHAIBHOC
HAaIpaBJICHHC) u COOTBETCTBEHHO yMEHbIIas OOKOBYIO
cocraBisoly0 (HopManpHOe HampasieHue). [loaToMy CKOpOCTb
JBYDKCHHSI CTCHOK OyAeT OOmbIle, YeM 3TO CIACAYET U3 COOTHOLICHUS
paznycoB. A B NPUBEICHHOM MPHMEPE CKOPOCTh COCTABHUT YXKE HE
100,a 150mam 200Mm/c.

Takum 00pa3oM, B LEIOM BO3AVIIHBIC BUXPH, KaK U JHOOBIC
ra3oBbIC BUXPH, SBILIIOTCS NPHPOZHOW MAaNIMHOW MO TepepaboTke
MTOTEHIINAIBHON JHEPTHH JABJICHUS BHEIIHETO I10 OTHOIIEHHIO K
BHXPIO raza, 00yCIOBICHHOI'O TEILUIOBBIM JBIDKCHHEM €rO MOJEKYI, B
KMHETHYECKYIO DHEPTHIO BpamneHus BuUxpsa. M eciam noTeHmmambHON
SHEPrue rasza BOCIIONB30BATHCS MPAKTHYECKH HEIb3d WIH, IIO
KpalHEd Mepe, BeChbMa 3aTPYAHUTEIBHO U3-32 OTCYTCTBHSL Ipa
JUEHTOB JaBJICHUS, TO KHHETHIECKOW MOYKHO, HAIIPUMED, TIOMECTHB B
Buxppr TypOuny. IlpaBma, mnpum 5>Tom BO3HHKacT mpodrema
YCTOUYUBOCTH BUXPSL.

N3 HM3m0KeHHOrO BBIIIE CIEAYET, YTO ra30BbI BHUXPh CHOCOOCH
MpeoOpa3oBbIBATH TEILIOBYIO SHEPTHIO, MIPEICTABICHHYIO
XaOTHYECKUM JBIDKEHHEM MOJEKYJI CaMOro BHXPS M MOJIEKYI
OKPY)KaIOIIErO0 €ro Tras3a, B YIOPSAOYEHHOE MJBIDKEHHE, YTO
MIPOTHUBOPEYNT BCEM M3BECTHBIM YCTAHOBKaM TepMoanHamuku. Ho He
COBCEM, IIOCKOJIBKY €CIIH PACCMOTPETh BCE COCTABIIIOIINE IPOIIECCa,
HaxOJIIMECS HE B TElNEe BHUXPSA, a BO BCEM OKPYXKAIOIIEM
MPOCTPAHCTBE, B TOM YHCIC M B JOPYrUX 0ONACTAX, B KOTOPBIX
JIBIDKEHHE ra3a MPOMCXOIUT COBCEM HE3aMETHO, TO OKAXKETCH, UTO B
CpeOgHEM HHKAaKAE TEPMOAWHAMUYECKAE 3aKOHBI HE HApYIICHHI.
Buxpr He OeckOHEUYCH, W MOTOKHM raza B APYIOM YacTH BHXPSI HE
CKHMAIOTCS, @ HAaoOOpOT, PACHIMPSIOTCSA. 3JeCh MPOLIECCHI HAYT B
oOpaTHOM HampaslicHHU. EcIH jke K TOMY K€ PaccMOTPETh MPOLIECC
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BO BPEMCHH B CPCAHEM, TO TeM OO0JICC OKAKETCS, YTO HHUKAKOTrO
HapyWICHUS 3aKOHOB TCPMOIWHAMUKHU HET, ITOCKOJIBKY JHCPTHIO
HENB3S HHU CO3JaTh, HU YHUYTOXKUTH. JlBrokeHue BeuHO. OmHAKO
MOCAe  MOJOOHBIX, YHCTO  MEXAHUYCCKUX  MpeoOpa3oBaHMIA,
MPOCMATPUBACTCS BO3MOXKHOCTh HMCIOJB30BATh TCILIOBYIO JHCPTHIO
rasa, mpeodpa3oBaB €¢ B MOCTYIATCAbHYIO SHCPTHIO CTCHOK BUXPSI.

3.3. I]enmpobescnvie nHacocsl. OmKyoa depym 3Hep2uro 800Hble
suxpu

Hakonnenune sHepruy BOXSIHBIMU BUXPSIMUA UMEET HHOW MEXaHHU3M,
YeM HAKOIICHUE SHEPrHM Ta30BbIMH BUXpsMH. ['a30Bbic BHUXpH
MPHOOPETAIOT SHEPTHI0 33 CYET CXKATHI HX Tela JaBICHUCM
OKpY’KAaIOIIEro WX Trasza, 5TO Moka3aHo Bbime. JKuIkocTh ke
MPAKTUICCKU HE CXKMMAEMa, HO SKCIICPUMEHTHI MTOKA3BIBAIOT, YTO OHU
TAKXKE MOT'YT HAKAILIMBATh SHEPTHIO, PaBAa, MCHBIIYIO, YEM ra30BbIC
BHUXpHU. HakomnieHue sHeprun >KUAKOCTHBIMU BHXPSIMU BBIPAXKACTCS B
BHJC HAKOIUICHHS TEIIA — MOBBILICHUS TEMIICPATYPhl KHUIKOCTH. 3a
CHET YEero 3TO MOXKET MPOUCXOIUTD ?

C Touku 3peHus 3GUPOAUHAMUKUA BOJA CIIOCOOHA HAKAILIUBAThH
3¢up, UTO BHIpAXKACTCS B BUIAC €€ BBICOKOW AMIICKTPUUCCKOMN
MPOHULIAEMOCTH: OTHOCHUTENBHAS AWANICKTPUUECKAsT MPOHULAEMOCTb
Boabl € = 81. Kak 3T0 mpowicxoguT B BOJAC — OTACIBHBIN BOMPOC.
Hakonmnenueli Bomoil »¢up OTHOCHTENBPHO c7a00 CBsI3aH C e
MOJICKYJIaMH, U TIPH BPAILCHUH BOABI BbIOpachBacTes u3 Hee (puc. ).

[Tonmxenue nasneHust 3(pupa BHYTPU BOIASHOTO BUXPsI IPUBOINT K
BcackiBaHuiO d(upa mo ocu Buxps. Takum obOpaszom, oOpasyercs
3(pUpHBIA AymieT - BHIOpoc 3¢upa no nepudeprun BUXPS U BCOC MO
€ro OCH, W 3TO TMPHUBOOUT K 3aMBIKAHHIO MOTOKOB 3(HUpa: BOKPYT
BOJSHOTO BHXPsI 00pa3yrOTCs ABa TOPOHIATBHBIX BHXPSI.

Kax Tonpko ctpym 3¢upa 3aMKkHYTCs, BHCIDHEE AABICHUE 3(upa
coxmeT obpaszoBaBIIHecs 3GUPHBIA BUXPH M 3arOHHUT UX OOpaTHO B
BOAY, IICPEAAB €i CBOKO HEPTUI0. ITO U €CTh Ta A00ABOYHAS, 34 CUCT
KOTOpOH TMOBBIIIAETCs Temmeparypa Boasl. Ilo Bcelt BeposTHOCTH,
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TaKOH MPOLIECC MOBTOPSICTCS IEPUOTUICCKH, YTO, B IPUHLIMIIC, MOYKET
ObITh OOHAPY)KCHO C IOMOIIBKD pPAaMOK WM CHCHHATBHBIMU
MpuOOpaMu, OCHOBAHHBIMHU Ha 3((EKTe OTKIOHEHHS JIA3EPHOTO JIy4a
OT €ro OOBIYHOrO MOJOXKCHUS, YTO MOXKET ObITh 3a(QUKCHPOBAHO
(OTORNEKTPHYECKUMU ACTEKTOPAMH.

Uctopus cozmanus termoreneparopa 0.C.IlotanossiM THIMYHA B
TOM OTHOLICHWH, YTO BCE, KPOME HEro, 3HAJIH, YTO 3TOrO CAECTAThH
Hemb3s, a [loramos 3Toro He 3Hal, MO3TOMY UMEHHO OH M CO3JaT 3TOT
TEHEpaTop.

B 1931 roay ¢panmy3ckum yueHsiM JKozehpom Pankom Obin
OTKPBIT BHXpPEBOUW 3(PQEKT IHEPreTUUECKOro pPa3melcHHUs TIa3o0B,
HasBaHHbIN BriocieacTsuu 3¢dexrom Panka. Ilocne gokmaga Panka
®dpaniry3ckomy usuaeckomy o0iiecTBy 00 3ddexre 0 Hem 3a0bLTH,
u Ttombko ¢ 1946 roma BuxpeBoidl 3ddexkr cram  0OBEKTOM
WCCICIOBAHUN YYCHBIX Ppa3HBIX CTpaH. bompmoe KOJIHYECTBO
SKCIEPHUMEHTAIBHBIX Pa0OT MO €ro HCCICAOBAHMIO, MPOBCACHHBIX B
CCCP u B mpyrux cTpaHax MHpa, MO3BOJHIO PACKPHITH OCHOBHBIC
0ocobeHHOCTU BUXPEBOro 3(h(ekra U mOJONTH K €r0 TCOPCTHUCCKOMY
obocHoBanuio [14].

Buemne npoctoii BuxpeBod 3pdekt Ha caMoM Jene 3aKIIYacT B
ceOe CIOXKHBIA Tra30JMHAMHYCCKHHA TPOLECC, NPOUCXOASLINHA B
MPOCTPAHCTBCHHOM  TYpPOYICHTHOM IIOTOKE BSI3KOTO CHKUMAEMOTO
raza. JTUM, BEPOATHO, U OOBSICHSACTCS HEyJada MHOTUX IOMBITOK
HaliTH aHanmuTH4yeckoe pemieHue 3agadu. OxHako Ha OCHOBE
MPOBCICHHBIX UCCICIOBAHMI OBLTH pa3paboTaHbl MOMYIMITUPUICCKUE
METOAMKHU pacdeTa Kak caMoro BUXpeBoro 3¢ dekra, Tak 1 HEKOTOPBIX
BHIOB BHXPEBBHIX ammapatoB. Ha 3Toil ocHOBe Hadyalics MEpUOX
OCBOCHUS M BHEAPCHUS €ro B MPOU3BOACTBO, TJIaBHBIM 00pa3oM, mpu
CO3JAHHM BHXPEBBIX  XOJOAWUIbHO-HATPEBATEIBHBIX  YCTAHOBOK,
BHUXPEBBIX XOJIOAMIBHBIX KAMED, BUXPEBBIX TEPMOCTATOB M BUXPEBBIX
BaKyyM-HaCOCOB.

Buxpesoii sddexr wmmm  sddekr Panka mpossrsercs B
3aKPYYCHHOM IIOTOKE BSI3KOTO CXKMMAEMOro rasza M pPeanu3yercs B
OYCHb TMPOCTOM VCTPOMCTBE, HAa3BIBACMOM BHXPEBOH TpPYyOOH.
cXeMaTH4YHas KOHCTPYKLHS KOTOpor n3o0paxkeHa Ha puc. 6.8.
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Buxpesas TpyOa mpeactaBisieT cOO0OH IIagKyr LITHHAPHYECKYIO
TpyOy 1, cHaOKEHHYIO TAaHICHLMWAIBHBIM COIUIOM 2, VIUTKOH 3,
Jauadparmoii 4 ¢ 0OCEBbIM OTBEPCTHEM U ApOcceneM S.

A-A A
YA Io
I Py
Xond | J_
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 BUIEC XOIOJHOTO MOTOKA, a
nepu(epHITHbIC CIION MOJAOTPEBAOTCS M BBITEKAIOT YEPE3 APOCCENb B
BHIE ropsuero mnoroka. Ilo mepe mpukpeiThst gpoccens oOmuit
VPOBCHb [JaBICHHS B BHXPEBOH TpyOe MOBBIMIACTCSA, U PACXOX
XOJOAHOT'O TOTOKA Yepe3 OTBEPCTHE AuadparMbl YBEIHUIUBACTCS MPH
COOTBETCTBYIOIIEM YMCHBIICHHH pPacxoja ropsdero mnoroka. llpum
STOM TEMIICPATYPhl XOMOJHOTO M TOPSYEro IIOTOKOB —TAKKE
MEHSIOTCA. B pasauyHBIX  KOHCTPYKLMSIX TPYyO  HPUMEHEHBI
VCOBCPIICHCTBOBAHUS, TMO3BO/LIIOIINE YIYYLIHTh XaPAKTCPUCTHKH
TpYOBI MPUMEHHUTEIIFHO K KOHKPETHBIM LICIISIM.

Craeayer cneumaabHO OTMETHTB, YTO B BUXpeBOil TpyOe Panka
o0mmuii 6amaHCc SHEPTUU COXPAHSETCS.

[ToranoB momeITa’acs KCHONB30BaTh B BUXPEBOH TpyOe Panka
BMECTO BO3AyXa BOAY, T.C. HEC)KHMACMYIO JKHUAKOCTh U TIOTYYHI
HCOKUAAHHBIN 3(PQEKT: MO 0CEBOH JTMHUM BBITCKANIA HE XOJNOAHAL, a
Temnas BoAa, mo mepudepum ke BbITeKanma ropstas soxa. llocme
KaJOpPUMETPUYCCKIX HM3MEPECHUH OBLIO NPU3HAHO, YTO TEMJIOBOH
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SHEPTUU BBIACIICTCS OOJBIIE, YeM MOCTYymaeT, mpumepHo, 8 1,3 — 1,5
paza.

ITockonbky BceM SICHO, YTO HH CO3JAaHUE, HU YHHYTOKCHHE
SHEPTMM HEBO3MOXKHO B MPHHLMIE, a BO3MOXKEH JIHIIb ICPEBOJ
SHEPTHU U3 OZHOT'O MECTa B APYroe, TO TAC-TO JOJDKEH HAXOIUTHCS
CKpPBITBIIl HCTOYHUK OOHAPY>KEHHOH JOMOJHHUTCIBPHOU 3Hepruu. B
Ka4ecTBE OOBSCHEHUS HEKOTOPBIMH YYCHBIMH OBLTO BBICKA3aHO
MPCANONOKEHHE O TOM, YTO B COOTBETCTBHH C HECKOIBKO
BUIOM3MCHCHHOI Teopueli OTHOCHUTCIBPHOCTH B TCIUIOTCHEPATOPC
[Toranosa npoucxoaut npeoOpa3oBaHUE MACCHl B SHEPTHIO, a, KPOME
TOr0, B HEM OCYILIECTBJISIETCS TAKXKE XOJOAHBIM SJECPHBIN CHUHTE3.
OnmHako mMOXOOHBIC TPEANONOXKEHUSI TPEACTABISIOTCS  BEChMa
HCKYCCTBCHHBIMU.

Mexanu3m, 00eCIECUMBAIOIINN MOBBIIICHUE TEMIICPaTypa BOABl B
ymutke TpyObl PaHka ommcaH Beimme. OTO MOMKET NPOUCXOAMTH
nepuogmyecku. OmHAKO BO3MOXKEH W JAPYrOd BapHaHT, KOrzaa
BBHIIICAIINN Hapy»Ky 3(Hp 3aTEM BCACBIBACTCSA MO TOpUAM TPYOHI,
TOrJa STOT MPOLIECC MPOHCXOAWT HENpepeiBHO. Bo Bcex cmywasx
MPOUCXOAUT JOMOTHHUTEIBPHOE CKATUEC BHELIHMM JaBJICHHEM 3(upa
oOpasoBaBmierocs 3QUPHOTO BUXPSI H TEM CaMBIM  BBOJ
JOTMOTHUTCIPHON SHEPruM, KOTopas 3ateM mepemactcs Bozae. s
MOBBIIICHUS TEIUTOOTAAYH LENeCO0OPa3HO YIYUIIUTh MPOBOAUMOCTb
BOIBl WJIM BBECTH B HEe Kakue-mHOO B3BECH, a s OOIErveHus
BHUXpeoOpazoBaHus 3(Hpa KOPIYC U APYTrUe ACTATA BUXPEBOU TPYOBI
LenecooOpas3Ho JAelarTh HE U3 METalia, a U3 JII0O0ro M30ILHOHHOTO
MaTepuana.

Heuro mnomobHoe o0OHapykeHO B YCTpOKHCTBaX, B KOTOPBIX
HCTONB3YIOTCS WIH CaMOMPOU3BOJIBHO OOpa3yloTCsl KaBUTALIMOHHBIC
my3pipu. B mpuHmume, Ha o0pa3oBaHHE MY3BIPEH  TOMKHO
MOTPATUTBCS CTOIBKO K€ SHEPTUH, CKOJIBKO MOTOM BBIJCIUTCS MPH UX
cxaonsiBanun. Ho 3aeck Takke OOHApYXEHO JOMONHUTEIBHOE
TCIIOBBIACICHUE, H MOXKHO MPEANOTIOKUTE, YTO U 34€Ch MPOUCXOIUT
HCKMU  aHAJOTMYHBIA mpouece 3axsara d¢dupa, 3areM €ro
BHXpeoOpa3oBaHue, cxxaTue dPUPHBIX BUXPEH OKpYKaromuimM 3pupom
C BBOAOM TEM CaMbiM B BHXPHU JONOJHHUTCIBHOW 3HCPIHH,
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MOTJIOLICHUE 3aTeM S(UpPHBIX BUXpEd TOW e BOAOH W meperada
HAKOIUIEHHONW 3HEPrUM BOJAE, UEM M BBI3BAH €€ JOTOIHUTEIBHBIN
ITOJIOTPEB.

B macrosmee Bpems m B Poccum M BO BCEM MHpE CO3MAHO
HECKOJIBKO BHJOB BHXPEBBIX TEILNIOTCHEPATOPOB HAa pasiIMvIHBIC
MomHocTd. OUH U3 BAPUAHTOB MPEACTAaBICH Ha puc. 9.

M

al
ST,

Puc. 9. Cxema BHXPEBOro BOJSIHOIO Temsioreseparopa: M —morop, L]
— OWIMHAP, B KOTOPOM MPOHMCXOOUT BpalieHue Boabl, [J| — aucku.
CTpeaxaMu NOKA3aHO MOCTYIUICHHUE M OTBOJ BOJBI M3 IMIMHAPA.

=

IlpuBencHHBIE HA CXEME TCILIOTCHEPATOP MPEACTABISICT COOOM
OOBIYHBIF ACHHXPOHHBIH JBUraTeib, COMPSDKCHHBIA C POTOPOM,
Pa3MCLICHHEIM B TOJICTOCTCHHOM LMJIHHIPE, B KOTOPBIA MOCTYIACT
Boma. Portop mnpexacraBmser coOoil 0Ch, Ha KOTOPYHO HACAKCHBI
IJIOCKHE JUCKH. BparneHue JUCKOB JBUTATENEM MO3BOJISICT MOMYYUTh
JOTOTHUTEIBHYIO TCIUIOBYIO SHEPrHI0, OONBINYIO, YeM 3aTpavcHO
geurareneM. PasBuBaromeecss JaBICHHE COCTaBSIET HECKOIBKO
gecatkoB  atMocdep. IlpomsBeacHHBIE W3MEpEHHs TMOATBEPAUIH
HaTMYUe H30BITOYHON JHEpruu mpu oOmeMm Kma mopsaka 1,6 @
HEKOTOpHIX 0Opasiax 10 1,8).

TennoreHepaTop yCTaHABIMBACTCS B OTACIPHOM IMOMEIICHHH BO
n30eKaHUe Kak [MyMOBHIX 3(@dekToB, Tak U  BO3MOXKHOTO
3(pUPOIMHAMIYUECKOTO U3TYUCHHUS.

[IpusHaBasi MONE3HBIM CO3JaHUE TMOAOOHBIX TEILUIOTCHEPATOPOB,
MOYKHO, OJHAKO, BBICKA3aTh COMHEHHE IO MOBOAY TOTO, YTO JAXE
IIMPOKOE NPUMEHCHHE MOJOOHBIX YCTPOWCTB MO3BOIUT PCIIUTh
sHepreTryeckyro npodmemy. Ilpu koaddunuenre termooraauu B 1,3-
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1,5 oburast 3xOHOMUSE SHEPTHH HE TaK YK u Benmuka. Jlake eciau Obl BCe
TCTTOBBIC YCTAHOBKM M BCC JBHTATCIM B MUPE MOBBICHIIA CBOW KIIT
Ha 30-40% pHepreTudeckas mpobieMa permena He Obiia Obl.

3.4. Omkyoa bepym 3uepzuto wiaposvie MOIHUU?

OnmHako HH cMepuM, HU TaiQyHB, HH LUKIOHBL HE MOTYT
CPaBHHUTBCS MO CBOEMY YICIBHOMY JHEPTrOCOACPKAHUIO C INAPOBOI
monuued [15]. VaenpHOe coaepikaHHe SHEPTHH — 3TO KOJTHYESCTBO
SHEPruy, coeprkamieecs: B eauHuLe Maccol Tena. Hampumep, OeH3nH
B pe3ynbTare monHoro cropanus maet 44 MJDx/kr, mpupoaHsii ra3 —
35, 6M/Ix/xr, a kamenHsIi yroap (antpammr) — 22MJDx/ kr. B aTom
miade 1 kxr Bo3ayxa, JBMOKYIOUICS B COCTABE CMEpYa CO CKOPOCTHIO
100 m/c comepsxur Beero qumb 5000 [Ikoymeit, uTo HECOM3MEPUMO
Mano MO CpaBHEHHUIO ¢ Tr0ObIM BuaoM TorumBa. OmHako cpeaHuit
cMepu comepxkHuT B cede Maccy, HCUHCISIEMYIO ThICSYaMH TOHH,
OTCIOAA U €ro 00IIasi MOIIb.

Uro kacacrcss IIAPOBOH MONHHHM, TO JAaKE ©3 OOBIYHBIX
HAOFOICHUI MOKHO CHACIaTh HEMAaIOBaKHBIC BHIBOABI. llockombky
MOJHHS CBOOOJHO ITIABACT C MOTOKAMHU BO3IyXad, 3TO O3HAYACT, YTO
ec yACNbHAsl Macca 3HAYUTEIBHO MCHBIIC YACITbHOW MAacChl BO3AYXa,
cocramsrorneit 1 xr/m3, 1O ecth mopsaka ue OGomee 0,1 kr/md.
Huametp psiaoBol IapoOBOK MOTHHUH COCTABISICT mopsiaka 4-6 cM, 3To
3HAYUT, 4T0 00beM ¢¢ coctasisier okono 100ky6. cM, a Macca OKOJI0
0,01 rpamma mnu MeEHbIIE. DHEProCOACPIKAHHE K€ TAKOE, YTO OHA
criocobHa ucnaputh 6oiee 70 kr Boawl, (ObLT TakoW ciaydai, Korma
[apoBasi MOJIHUS momnana B 004Ky U ucnapuia okono 70 Kr Bozsr), Ha
uto TpeOyercs He meHee 38.000kkam wam, uto To ke camoe, 200
mutirnoHoB Jhxoymeit. [lpu macce B OIHY COTYIO rpamMMa MOTy4acTes,
YTO YIETbHOE DHEProCoACPKAHKE INAPOBOH MONHUU COCTABISET HE
MeHee, uem 1,6.10° Jx/kr.

Bor Tak 10, a Brl ropopute! Kakoit Tam 6eH3uH!

HNHTepecHO CcpaBHUTH 3TO YAEIBHOC SHEPrOCOACPKAHUE C
SHEprueH, BBIACIIEMOW NpH B3phIBE, Hampumep, Tporwia. OxuH
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KHJIOTpaMM TPOTHJIA BhLACSICT mpu B3pbiBe 4,2 MJx, 9TO B HecsTh
pa3 MEHbIIE TEIIOTBOPHOU COCOOHOCTH OCH3MHA, HO 3aTo cpasy. U
TOJBKO YpaH M IUTYTOHUHN MPU CBOEM ACJICHUU AAIOT SHEPTruu OOIbIIe:
1 kxr ypaHa WM IIyTOHHS ciocoOeH MmpH pacnaze Beigenuts 22500
kBra wm  8.10% Ik sHeprum, T.e. UX YACIBHOE SHEProcoiep-
»kanue Beero B 40 pa3 Oonpine, ueM y maposoit Moaaun. Ho 310 Bee
JKe aToMHasl SHeprus!

Ceiluac MHOrHME HCCIEIOBATCIN MBITAIOTCS BOCHPOH3BECTH
mapoByro MoiHH0. OHU 3TO AENalT YaCTUYHO U3 JIOOOMBITCTBA, HO
YACTUYHO U M3 COOOPAXKCHHIA, YTO C IMOMOINBIO INAPOBOM MOIHUU
MOXHO JIOOBITH SHepruro. W aas storo mMu  pas3paboTaHbl
BCCBO3MOKHBIC MOJCIIH.

BonbmmHCTBO 3THX HCCIeI0BATENEH IPEANIOIaraeT, 9YT0 OCHOBHAS
SHEPrys LIAPOBOH MOIHUHM COACPKUTCS B CBETALIEMCS 00BbeMe
BO3[yXa, B KOTOPOM OOpa3yroTCss OCOOBIC COCIUHCHHS a30Ta u
KHCIOpPOJa, TaK HA3BIBACMbIEC KIACTEPHI, KOTOPBIC U HECYT B cede 3Ty
sHepruto. EcTh npeamonoeHus, YTO IMapoBas MOJHHUS — 3TO
3aMKHYTBIA caM Ha ce0sl 3TEKTPHUCCKUHA TOK, KOTOPBIH yACPKUBACTCS
B 00bEME MOHMU3HUPOBAHHOrO BO3AyXa. ECTh MaEH, CBS3aHHBIC C TEM,
YTO MIApOBasi MOJTHHS MPEACTABISICT COOOM 3aMKHYTOE caMmo Ha ceOst
MarauTHoe mone. Ho pacuersl He HMOATBEPIKIAIOT THUX MOJEIEH, a
MOMBITKA PEATH3aLUU INAPOBBIX MOIHHMA, OCHOBAHHBIC Ha STHUX
MOJCTSX, HE MOMy4YaroTcs. MOXKHO BBICKA3aTh MPEAIIOIOKECHUE, UTO
Ha YKa3aHHBIX OYTSIX Y HCCICAOBATEICH HHYEr0 M HE IMOIYyYHTCH,
MOTOMY YTO €CJIM Yachl MOTEPSI HA BOK3aJe, TO U HCKaTh UX HAJO Ha
BOK3aJe, a He moJ ¢poHapeM, Tae CBETIee.

IMoatomy, npekae ueM IpoBOIUTHh PabOTHI MO CO3JAHUIO Yero Obl
TO HH OBLTO, HY)KHO CHAaudala COCTABUTh TCXHHYECCKOC 3aJaHHC Ha
MPEAMET, T.€. ONPCIACTHTh BCIO COBOKYITHOCTh CBOMCTB, KOTOpBIC
JODKHBI OBITH y MPEAMETA, 3aTeM HYXKHO MHOHSATh €ro (pu3uyecKyro
CYLIHOCTE, a 3aTEM TOJBKO MBITATHCS YTO-TO CACTATD.

Kaxue e cBoiicTBa M3BECTHHI Y MIAPOBOH MOMHUU? DTH CBOICTBA
TaKOBBI.

—pa3Mep YCTOMYMBOU MIAPOBOIl MOJTHUU COCTABJISIET OT €IUHULL JO
JECATKOB CAHTHMETPOB;
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— ¢dopma mapooOpa3Has WM TPYLICBHIHAS, HO HHOTAA
pacrsiBuaTast, mo (JopMe TPUIIETAOIIETO MPESIMETA,

— sIpKasi CBETUMOCTb, BUANMAS B JHEBHOE BPEMS;

— BBICOKOC DHEPrOCOICPIKAHNC,

— yaenabHas Macca, COBIAAOIIAS C MACCOM BO3AYXa,;

- CHOCO6HOCTB OpuiIMnaTh K MCTaJIINICCKUM HpeﬂMCTaM;

— CrocoOHOCTh MPOHHMKATh CKBO3b JUIJICKTPHUKH, B YaCTHOCTH,
CKBO3b CTCKJIA;

— CIocOOHOCTh AChOpMUPOBATHCS U MPOHUKATH B MOMCIICHHS
CKBO3b MaJIBIC OTBCPCTUA THUIIA 3aMOYHBIX CKBAXKWH, a TAKXKC CKBO3b
JUDJICKTPUKY, B YaCTHOCTH, CKBO3b CTCKJIA;

— CrmocoOHOCTh AchOopMUPOBATECS U MPOHUKATH B MOMCIICHHS
CKBO3b MaJIbIC OTBCPCTUA THUIIA 3aMOYHBIX CKBAXKWH, a TAKXKC CKBO3b
CTEHBI, IO TUHUSIM MPOBOJOB M T. II.;

— CIOCOOHOCTh  B3PHIBATHCS  CAMOITPOM3BOJBHO OO  IpH
COTMIPUKOCHOBCHUH C MTPEAMETOM;

- CHOCO6HOCTB NOAHUMATDH U NICPCABUTATH PA3JINIHBIC TPCAMCTHI,
a TAaKKE JPYTUC CBOWCTBA, MCHEE CYIICCTBCHHBIC.

N, xax muHuMyM, j1r00as MOJACTb MOJDKHA OTBETHTh HA BCHO
COBOKYITHOCTh TCPCUUCICHHBIX CBOWCTB. A 3TOr0, K COXAJICHHUIO, Y
aBTOPOB MOJEJEH M MCCJIECAOBATENECH MApOBBIX MOJHHUHM MOKa HET, a
mO3TOMY  BCC TIIONCKH IPOBOASATCS BCJICTIYIO. 4! MOCKOJIBKY
MHOT'OJICTHUC TIOMBITKHA PA3HBIX HCCHCI[OBaTCHCﬁ B pa3HBIX CTpaHax
IMOKa 4YTO HC AaJIv MOJOXKUTCIIbHBIX PC3Yy/IbTATOB, TO CTOUT IIOAYMATh,
HE HY>KHO JTH HPUHLMITHAIBHO H3MEHUTh MOAXOA K 3TOU mpodneme?
MO)KGT 6LITI:, HY>XHBI HCKOTOPBIC HC COBCCM TpPAAULMOHHBIC
COOOpaXkeHUS 1O TIOBOTY TOTO, KAaK ¢ YCTPOCHA IMapoBas MOJHUSA, U
TOT/Ia MOSIBSTCS. UACH TI0 €€ CO3AAHUI0?

Kak mokasano B pabGore [9], Bce MHPOBOE MPOCTPAHCTBO
3aMONHEHO 3(UPOM, MPEACTABIAIOMAM COOOW TOHKHI ra3 BEChbMa
MAJIOH TIOTHOCTH, HO UCKJTFOYMTEILHO BEICOKOTO SHEPTOCOACPIKAHUS.

Ilo yTOYHEHHBIM OLICHKAM ILIOTHOCTh 3(Hpa B OKOJIO03EMHOM
MPOCTPAHCTBC pPaBHA 8,85.10"% xr/m®, nmaaemme — 107 Ila,
sueprocoxepxkanne 107 Jhx/ m°. CTOMT HANOMHHTB, 9TO BCE
YETOBCUCCTBO HA BCEC CBOM HYKIBI TIOTPEOMSCT B TCUCHHME TOAA
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sHeprun mopsaka 10°7°%-10°% Jlkoyiaeid, T.e. 3HAYMTEIBHO MCHEE, 9eM
COJCPIKUTCSI SHEPTHHM B OTHOM KyOmueckoM MumuMmerpe 3dupa. A
atoMHass SHeprus wucnomb3yer He Oomee  0,01% sHepruwm,
coJeprkamieiicss B TOM OObEME, KOTOPBIA 3aHHMAIOT MPOMEKYTKH
MEKAY HYKJIOHaMH B siapax atomax. Ho 3to Tak, ams cBeaeHusl.

Bce Buapl BemecTBa HMEIOT B CBOCH OCHOBE B KAadeCTBE
cTpouTenpHOro Matepuaia 3¢up. Bce Bumel BzauMoneHcTBuUil
0o0yCNOBNEHB  ABIDKCHHEM mNOTOKOB 3¢upa. He cocrasuser
WCKITIOYCHHUS U [apoBasi MOTHUSL.

Enuncreennoii gopmoii aBmxeHus 3dupa crmocoOHOHM yaepKaTh
VIULIOTHEHHBIH 3GHUpP B 3aMKHYTOM NPOCTPAHCTBE, SIBISETCS
TOPOUAANBHBI BUXPh, N0 (opMe HanmomMuHaommi Oyomuk, a
CTPYKTYypa ero moJo0Ha 3aMKHYTO# camy Ha ceOst TpyOy (puc. 10).

|
|
|
|
|
|

L

Puc. 10. CTpyKTYypa ra3oBoro TopouiajibHOr0 BHXpSI
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OTHOLICHNE TOMIMHBEI TAKOTO TOPOHJA K JHAMETPY COCTaBILICT,
npuMepHo, 1:1,7,Ho ero ¢popma MokeT ObITh U OoNce MPUONIHKEHHON
K [mapoBoil ¢opme. B 1meHTpe TOpomaa wuMeeTcs OTBEPCTHC
guamerpoM nopsiaka 0,1 ot amamerpa Toponaa. OxHako u3-3a 00Iero
CBCUCHHS TENa MOJHUHU B BO3AYXC HH OTAMYHUS (POPMBI MONHHUHU OT
MIAPOBOM, HH CYIIECTBOBAHUS LICHTPAIPHOTO OTBEPCTHUS YBUACTD ITOKA
He yaasanoch. Ilo Bcedl moBepxHOCTH Topowzga oOpa3oBaH
MOTPAaHUYHBI CIIOW, HE MO3BOMSIOIIMN YIUIOTHEHHOMY 3(upy
paccocaTbCss B MPOCTpAaHCTBE. JPup B TEIE MIAPOBOH MOIHHUH
JBWKETCS 1O 3aMKHYTOM BHHTOBOM JIMHUM CO CKOPOCTHIO,
COCTABIISTIOLICH JECATKH THICSY KHJIOMETPOB B CEKYHAY. DTa CKOPOCTh
ONPEIENATCS W3 BEIUYMHBI SHEPTUH, COACpIKAIUCHCS B INApOBOIL
MOJHHH, U ee Maccel. Ecu monarare, kak OBLIO MOKA3aHO BHILIE, YTO
ec aHeprocoacprxkanue cocrasiser 160mmH. [Ixoyneit, a Mmacca paBHa
0,01r, To ckopocTh motoka 3¢dupa gomkHa ObTe mopsiaka S000xkm/c.
Ecnu maposas momamst umeer maccy wmessme, dem 0,01 r, To
CKOPOCTh OKQ)KETCS COOTBETCTBEHHO Oouibiie. 3HAUCHUI CKOPOCTH,
OIM3KAM K CKOPOCTH CBETA, MOTOKH 3¢Hpa B TENE MIAPOBOH MOJIHHUH,
MO-BUANMOMY, BCE KE HE HMCIOT.

[MlapoBas MomHuUs, cocTosmas W3 TMOTOKOB 3(upa, MOXKET
CBOOOJAHO MPOXOJMTH CKBO3b H30JITOPBI TaK JKE, KAaK MPOXOAUT
CKBO3b HM30JIITOPHl MAarHUTHBIA MOTOK. HO CKBO3p MeTamn mapoBas
MOJHHS TPOHTH HE B COCTOSHHH, STOMY NPCIITCTBYET TaK
HasbiBacMas MOBEPXHOCTh DepMu, mpeacTaBIOmAsT COOOH MIIOTHBII
CIIOH BNEKTPOHOB HA MOBEPXHOCTH METAIA. IJTOT CIIOU SBISETCS
MPUYHHOH TOrO, HYTO CBET OTPAXKACTCs OT METALTHYECKHUX
MOBCPXHOCTECH. Teno ke mapoBOW MOJHHH, KOCHYBIIMCH MECTajia,
MPHUINIACT K HEMY, MOCKONBKY MMOBEPXHOCT MOJHHHU JBIDKETCS C
OONBIION CKOPOCTBIO M MEXKIY TEIOM MONHHUU H IOBEPXHOCTHIO
MeTajana oOpasyercsl TPamueHT CKOpocTH 3¢upa, maBieHHE 3¢upa
30€Ch TOHIKECHO, M BHCLIHEE JMABJICHUE 3(Hpa NPIKUMACT TEIO
MOJHHHU K HOBEPXHOCTH METAILA.

CBeucHHE MOJHHM BBI3BAHO TEM, YTO MOJIEKYIbl BO3IYyXa,
MOMABIIME B €€ TENO, BO30Y)KAAIOTCS W HAYHMHAIOT CBETUTHCA.
DHEprus STOrO CBEUCHHS HEBEIHKA M COCTABISICT BECbMa MAYIO
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JOMIO OT 3HEPTHH, coAcprkameics B MomHUU. IMCHHO BTOPUYHOCTBIO
CBCUCHHS MOT'YT OBITh OOBSICHCHBI TAKKE CBOWCTBA IIAPOBOI MOJIHHUH,
KaK MPOHUKHOBCHUE CKBO3b CTEKI0. MOIEKYIBl BO3AyXa, TONABIINC B
TEO INAPOBOM MOIHHUH, HAYHHAIOT CBETUTHCS, HO KOTAa MOHUS
MPOXOTUT CKBO3b CTEKJIO, MOJEKYIBl BO3IyXa HAa OJHOU CTOPOHE
PCKOMOHMHUPYIOTCSL M 3aTYXaloT, & HA APYrod CTOPOHE 3a)KHTAOTCS.
IIpn cuenneHny MmAapoBOW MOTHHHM C JICTSIIUM CAMOJETOM IOTOK
BO34yXa MPOAYBAECT MOJIHHIO, HE B CHJIAX OTOPBATh €€ OT Kpbuta. Te
MOJIEKYJIBl BO3AYXA, KOTOPHIE IIONATH B TEJIO MOJTHUH, BO30YXKIAIOTCS
U CBETATCS, & TC, KOTOPBIC BBILLIN U3 €€ TENIA, TYT K€ TACHYT, TaK YTO
3TOT CITy4aill TOXKE HAXOJMT MPOCTOE OOBSICHEHNUE.

TopoumanpHelii  BuUXph  3pupa  cHOCOOCH  CKHMAThCS,

nehopMUpOBATECS. M MPOHUKATH CKBO3b MAJIBIC OTBEPCTHSI B METAILIC
(puc. 11).

Puc. 11. MexaHnsM IPOHHKHOBEHHSI IIApOBOil MOJHHI CKBO3b MaJjioe
OTBepCTHE B MeTaJLTe

Taxum 00pa3zom, 3puposuHAMUYECKAS MOJENb MAPOBOM MOJIHUH,
B TPUHIIWIIC, COOTBETCTBYCT BCEM €C CBOWCTBAM, HM3BCCTHBIM B
HACTOSINEE BPCMH.

HawubGosnee Onu3koli MOACTBPIO IMAPOBOH MOJTHHHM W3 BCEX HBIHC
CYUICCTBYIOIMMX SBJIACTCS MOJENb, MPEAMOIAraoIas, uTo apoBas
MOJTHHSI — 3TO IMOTOK MAarHUTHOTO TOJTSA, 3AMKHYTHIN caMm Ha ceOs. OTa
MOJENib, TIPaBaa, HE OOBJACHACT, KaK TaKOEC IIOJC CIOCOOHO
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VACPKATHCSA B 3aMKHYTOM OOBEME, MOCKOJIBKY TAKUX IMOHSATUM, KaK
MOTPAHUYHBIA CJION, BS3KOCTh, CXKUMACMOCTh WM TEMIIEpatypa y
marautHOro mojst Her. Ona HE MOxeT O0ObscHUTh U (pakra
MPUIMIIAHMS MOJHHUH K MeTaindeckuM npeameram. Ho Bce ke ata
MOJENb OJFKEe BCEX MOAONLIA K CYIIHOCTH IHAPOBOA MOJIHHH.
Ceroanst 1jist 0OBSICHEHUS! YCTOMIHUBOCTH 3TON MOJAC/IH HPUBJICKAIOTCS
TaKU¢ TMOHATHS, KaK YCTOWYMBOCTh ILIA3MBI, CaMO(OKYCHPOBKA U
JTAXKE MOMMUTKA TEJIA MOJHUHU BHCIIHUM HCTOYHUKOM, HAXOISIIUMCS
JIalieKo 3a TMpeaesaMu CaMOM MOTHHUH.

Bce 3TM MCKYCCTBEHHBIC MOCTPOCHUS AT 3PHUPOIAHAMUUCCKON
MO/IE/IA HE HYKHBI.

Kak MoxHO cO037aTh IDApOBYKD MOJHHIO B J1a00OpaTOPHBIX
yeaoBusix? Ceituac 06 3TOM TPYAHO TOBOPUThH, MIOTOMY HYTO LIAPOBast
MOJIHUSI BO3HHKACT B CaMbIH HEMOAXO/INUA MOMEHT B CaMBIX
OOBIYHBIX, Ka3aJ0Ch Obl, yciaoBusx. OHa MOXKET BBICKOYUTH U3
OOBIYHOM PO3ETKH, U3 MArHUTHOTO MYCKATENsI, BO BPEMS WU IMOCIIC
rpo3sl, a TO U mpocTo rAe yrogno. Ho 3ameucHo, yto Hambomee
YaCThIC CAy4Yau MOSBJCHUS LIAPOBOH MOJHHH CBSI3aHBI C MCKPOBBIMU
MPOMEIKYTKAMH, Pa3PSAHUKAMU WK MPOCTO TIOXUMHU KOHTAKTAMU

MOoKHO TOMBITATBCSA CO3JaTh 3aMKHYTOE MACHHUTHOC IIOJIEC,
CYLISCTBYIOLICE HE3aBUCHMO B MMPOCTPAHCTBE. s 3TOro MOKHO
WCIONB30BaTh  OBICTPOACHCTBYIOIIMH  SICKTPHUCCKHHA  KIIHOY,
HAIMpUMeEp, Pa3psAHUK, CIOCOOHBIN OBICTPO MPOIMYCTUTh OONBIION TOK
U 3amepeth 3a¢ camouHaykiuu. [lepBoe HY)KHO ISt TOro, YTOOBI B
MMPOCTPAHCTBE 00pPa30BaJICS OONBIION IPATUCHT MATHUTHOTO OIS, B
KOTOPOM 00pa3yercst rPaJuCHT CKOPOCTH MOTOKA dupa v TeM CaMbIM
VYCIIOBHUSL IS CO3JaHUS TMOTPAHHYHOrO ClIos Oyaymero 3¢upHOro
Topouga. Bropoe HYXKXHO s TOro, YTOOBI OIMEPATHBHO OTCEYb
MAarHUTHOE IOJIC OT MPOBOJHUKA, KyJa OHO IOIBITACTCS CIPSITATHCS
MTOC/IC MPEKPAIICHUS TOKA.

Ecnu paspsaauk 00OpPBET TOK B KOPOTKOE BPEMS, TO HA HEM
BO3HUKHET 3/IC CAMOHHIYKI[IH, PaBHAS

= — L oilot (6)
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Ecnmu npomyckaemsiii TOk coctaBUT BeanmuuHy B 1 Amrmep, Bpems
00pBIBA IIETTH COCTABUT 1 MHKPOCEKYH.Y, 4 MHAYKTUBHOCTE juHuA (1
MeTp mpoBoga) coctaBuT 1 mukpol eHpH, TO 3AC CaAMOMHIYKLUU
okaxkercst pasHoit 1 Bonbr. Ho 3TOro0, BEpoOsSTHO, HEIOCTATOUHO IS
CO3JAHMs INAPOBOM MOIHUH, TIOCKONBKY 3a Bpems, pasHoe 1
MHUKPOCEKYHJIC, MATHHUTHOE IOJE YCIEET CHPATATHCS B MPOBOIHUK.
3HayuT, HY)KHBI 0OOIlce KOPOTKHE MPOMEXKYTKH, Hampumep, B 1
HaHocekyHay. Torga mose, Bo3Bpamaromeecss B IPOBOAHUK CO
CKOPOCTBIO CBETA, YCIEeT MporTH Beero umb 30 cM, a Bce OCTaIbHOE
MAarHUTHOE MOJIC OKaxkeTcst cHapyxku. OHO ckomiancupyer, u Oyaer
co3aH >(UpHBIA HIH MarHUTHEIA Topoud. Ho 3xeck yke paspsaHuk
JO/DKEH yMeTh TpOTHBOCTOsATh 3a¢ camouuAykuuu B 1000 BosbT.
IIpu sToM »sHeprust oOpazoBaHHOro Topouaa OyIeT HEBETHKA,
MOPSIIKa MIILTHOHHBIX fojei Jhxoyos.

Hns  TOBBIIICHHS SHEPrETUKM  0Opa30BaHHOTO  MArHHTHOTO
TOPOWAA HY)KHO YBEIHYHBATh 3HAUCHHE oOpbiBacMoro toka. Ho mpu
Toke B 1000 Amniep HY»KHO OYAET MPOTUBOCTOSITh 3HAYCHUIO JIC VKE
B 1 munnnon Boner. HawaneHas sHeprus Oyayiei mapoBoii MOTHAN
COCTaBUT B 3TOM ciyuac eauHuisl xoymein. Ecnm xe qmst coznanus
MOMSl WCMOIb30BaTh BO3AYIIHYIO HHAYKTHBHOCT XOTS OBl B
HECKONBKO COTHIX Aoned ['eHpw, TO HayalpHOE SHEProcoicpikaHue
MOJHHH COCTABHT Y>K€ COTHH M ThICSuU J[KOyneH, HO U MPOTHBO3.C
30€Ch COCTaBUT YK€ MHOrume Muunonsl Bomet. OgHako Bce 310, HE
CYHTas MOCIECAYIOLWIEro CXKATUS TelAa MOTHHH 3(PHPOM, IPH KOTOPOM
SHEProcoAcpKaHNE MOTHUAN OYIET MOBHIIIATHCS IO MEPE CHKATHS TENa
MOJIHHMH AaBICHHEM 3(Upa NpONOPLHOHATBEHO KBAAPATy YMCHBIICHUS
ec paamyca. A yk IOCIE TOro, KaK mapoBasi MOJHHS OyJeT co3AaHa,
MOHO OyIET HOAYMATh U O TOM, KaK UCIHONb30BATh €€ SHEPTUI0. JTO
MOYKHO CIeNaTh, HAIIPHIMED, 3arHaB MOIHUIO B OOUKY C BOZOH. . .

Takum o0pa3zoM, NPHUHLUNUANBHBIA IyTh KaK OIS CO3AAaHUS
HCKYCCTBCHHOW IIApOBOI MOJHHUH, TaK U I JOOBIBAHUS SHEPTUH U3
BaKyyMa BCE XK€ €CcTb, HO OeJa B TOM, YTO pa3psSAHUKOB C
VKa3aHHBIMH BBILIC XaPAKTCPUCTHKAMHU MOKA HE CYIIECCTBYET.

OnmHako B mpHpoAe IHApOBas MOIHHS MOSBISICTCS B CaMBIX
OOBIYHBIX YCIOBHSIX M B caMO€ HEmoaxojsiee BpeMs. Buanmo, uro-
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TO CYIIECTBYET IMMOMHMO TOrO, YTO OBLIO BBICKA3aHO BBIMIC, KAKUE-TO
JOTMOTHUTEIBHBIC  YCIOBHSA,  CIOCOOCTBYIOIIME — (OPMUPOBAHHIO
IApOBOM MOJHHUH 0O€3 pPas3psSAHUKOB C YIOMSHYTHIMH  BBIIIC
napamMeTpamu, 4To-To Gonee mpocToe.

Hcxoass u3 W3A0KCHHOrO, MOXXHO BCE-TAKM OXKHUJATh, 4YTO C
[TOMOIIBIO BBICOKOYACTOTHBIX PA3PSIIHHKOB U KAKUX-THOO JAPYrux
MPHUCTIOCOOICHUI HOSBSATCS YCTPOHCTBA, MO3BOJISIOLINE UCITOIb30BATh
sHepreTuky 3¢upa. M, moxoxke, 4TO MEPBHIC MOAOOHBIC YCTPOUCTBA
HAYaIu TOSBIISITHCS.

4. TpanchopmaTtop Tecnbl
4.1. Kak oyenump 3Hepeui0 MAzZHUMHO20 NOAA"?

N3 Bcex BUAOB CHIOBBIX TOJICH HaumbOoyiee yAOOHBIMU [ist
HpaKTI/IquKOFO HNCITIOJIB30BAHUA SBJIAKOTCSA MAarHmuTHBIC T10JI41,
cO3JaBacMbIC TOKaAMH, TCKyH.[I/IMI/I B HpOBOI[HI/IKaX. OHI/I 3HCpI‘OCMKI/I,
Oe30macHbl, JErKO CO34aBaEMbl, CIIOCOOHBI OOECIIEUHUTH CHIIOBHIE
BSaHMOﬂCﬁCTBHH Me)KI[y paSJ’II/I‘IHbIMI/I O6’BCKTaMI/I, U HUMCHHO J3TO
O6CTOHTCHBCTBO I1I03BOJIHAJIO HpI/IMCHI/ITb X BO BCCBO3MOXXHBIX
3HepI‘CTI/I‘ICCKI/IX y(JTaHOBKaX, B TOM 4YHCJIIC B I‘CHCpaTOan nu
JBUTATEISX CAMbIX PA3HOOOPA3HBIX KOHCTPYKLIUI.

Kax wu3BecTHO, sHEprus, coAacpkKamascs B MAarHUTHOM TIOJIC,
OTIPEICITACTCS BEIPAKCHUEM

poH ?

w=] dvV, Br, (7)

2

_ 7
rae 4, = 41.10°, I'a/mM — MarHuTHas MPOHUIIACMOCTH Bakyyma, H,
A/M — HaIpsSHKEHHOCTH MArHUTHOrO Tons, V, MS — obBeM
MPOCTPAHCTBA, 3ANOTHCHHOTO MATHUTHBIM TTOJICM.
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Pacnpez[eneHHe HANpsOKCHHOCTU  MAarHuTHOrO  IOJIE  BOKPYT
IPpOBOAHUKA C TOKOM ONPCACISACTCA 3aKOHOM ITOJTHOrO TOKAa

I HdI =i, (8)
rac |, M — OTpCSOK JJINHBI CI/IJ‘IOBOfI JIMHUU MArHUTHOI'O ITOJIA BOprF
IIPOBOJAHHUKA C TOKOM, i, A — BelmMuMHA TOKA, TEKYLUICTO II0
OPOBOTHUKY.

M3 3akoHa moiHOro Toka CJICAYCT, UTO BCIMYNHA HAITPAKCHHOCTH
MAar"auTHOrO 1oJist Ha PpaCCTOSTHUN Ror IPOBOAHUKA COCTABJIACT

H=— (9)
a OTHOIICHHC H&Hpﬂ)KCHHOCTCﬁ MAarHuTHOroO IoJjisi Ha PasHbIX
PaCCTOAHUAX TOJPKHO TOAYUHATBHCA I‘I/IHGI)6OJ'II/I"I€CKOMY 3aKOHYy, T.C.
H 1 RZ

Hz Rl

; (10)

U B OTHOCHTCIIBHBIX KOOPAMHATAX MOXKET OBITh H300PaKCHO Kak
rurniepbona (puc. 10,kpusas 1).

OnHako mpsiMBIC M3MEPEHUS MOKA3alld, YTO 3TO HE COBCEM TakK.
VYxe npu toke B 0,1 A oTHOIIEHHE HANPSHKEHHOCTEH CYLICCTBEHHO
OTJIMYACTCS. OT YKA3aHHOTO PACIpPEACICHUS, IPUYCM C YBETHICHUCM
aOCOMIOTHOM BETHYMHBI TOKA OTKIOHCHHE YBCIMYMBACTCS BCE
G6ompme. Hammmo sBHOE OTKIOHEHHE PEATBHOTO PACHPEICICHUS
HAINPSDKCHHOCTH MArHUTHOTO ITOJISE OT TUIEPOOTNYECKOrO 3aKOHA, PH
STOM OTKJIOHEHHE OT 3TOr0 3aKOHA B OTHOCHUTCIBHBIX KOOPAHHATAX
VBETUYMBACTC C YBEIHYCHUCM a0CONIOTHOIO 3HAYCHHS TOKa B
nposoguuke (puc. 12,xpussie 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. Pacnpenene}me HAINIPpSIZKEHHOCTH MArHUTHOI'0 II0JIsI BOKPYr
MpoOBOJHUKA € TOKOM

IMonydeHHOE SKCICPUMEHTATBHO OTKIIOHCHUE MOXKET OBITh JIETKO
OOBSCHEHO, €CIH YYEeCTh CKMMAeMocThb 3(upa H, Kak CIEICTBHE,
CKHMAaEMOCTh BCEX CTPYKTYpP, BKJIIOYAS M MArHUTHOE MOJE. 3aKOH
MOJHOTO TOKA OKA3bIBACTCS CIPABCIIMBBIM ITUIIb ISl MPEACTHHO
ManblX HANpPsDKEHHOCTEH  MArHUTHOTO TOJs, TPU  KOTOPBIX
CKHIMaeMOCTBI0 MOXKHO mpeHeOpeub. Ho OH He MOMHOCTBIO BEPEH AT
0ospIIuX TOKOB, naxe BenuauHoi B 0,1 A. 910 3HAYUT, 4TO peaabHO
MAarHUTHOE I0JIC B CAMHUIEC 00bEMa HECET B ceOe 3Hepruu OOJIbIIe,
YeM 3TO CIAEIYET M3 3aKOHA MOTHOrO TOKA U CYIIECTBYIOIINX METOAOB
pacyeros.

N3 HM31m0KEHHOTrO BBITEKAET, YTO KOHTYP C BBICOKOZOOPOTHBIMH
KaTyIIKaMH{, HACTPOCHHBIA B PE30HAHC, JOJDKCH HAKAILTUBaTh B ceOe
SHEPTHUU CYLECTBEHHO OOIBINE, YEM 3TO CIEAYET M3 CYLICCTBYIOLIUX
pacyeToB, MO0 DSHEPrHsl ONPEACIICTCS HE TOIBKO CKOPOCTBIO
BHHTOBBIX IIOTOKOB 3(Hpa, MPEACTABISIOMIMNX COO0H MAarHUTHOE MOJE,
HO W UX MaccOBOM MIIOTHOCTBhIO. B03MOXHO, 3TO 0OCTOATETBCTBO
Oobuto  yureHo Huxomoit Tecnmoit mpm mHOCTpoeHHMH — CBOMX
BBICOKOYACTOTHBIX ~ CHJIOBBIX  TpaHcopMaTropoB, B  KOTOPBIX
00s13aTETIPHO KCIIONB30BACS PE30HAHC M B KOTOPHIX MONYYAIUCH B
pe3ynbTaTe BBICOKHE HANPSDKCHHS, HCYUCISEMBIC MHUTHOHAMM
BonbT, 4TO HUKAK HE CIEAOBANO U3 OOBIYHBIX PACUCTOB.

Ho 370 xe 00cTosTEenhCcTBO MO3BONACT MO-WHOMY MOJOUTH H K
SHEPreTHKE INAPOBBIX MOIHHUI, KOTOPhIE MOKHO pacCMAaTpHBATh Kak
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3aMKHYTOC caMO Ha c¢e0sl YIUIOTHEHHOEC MAarHUTHOE IIOJIC C TOM JIUIIIb
0COOCHHOCTBIO, YTO CYIICCTBYIOIINE TCOPHUH MATHUTHOTO MMOJISI HUKAK
HE MPEIYCMATPUBAIOT HAIMYKME y TaKUX 0Opa30BaHUI rpagueHTHOrO
MOTPaHUYHOrO  c¢jaos. Jms  3toro  Hy:xkHO  oOpaTuthbCs K
3(pUPOIMHAMUYUCCKUM MPEACTABACHUSIM O (DU3MUCCKON CYIHOCTH
CHJIOBBIX ITIOJICH B3aMMOJCHCTBUM.

4.2. Bvicmpooeiicmeyoujie K1YU U 3pupnas Inepzemuxa

B ToMm, uto paspsm B BakyymMe oOmagact OObIION SHEpPrucH,
HECITOKHO YOCAMTBHCS, 3apSIUB BBICOKOBOJBTHBINA KOHACHCATOP 10
HAIPSDKEHUS! B HECKOIBKO THICSAY BOJIBT, @ 3aTEM Pa3psIvB €ro Ha 1Ba
HE3ABHCHUMBIC IPYTr OT APyra 3JCKTPOIBI CTAPOW PaIHOTECXHUYICCKON
JaMIIbl CTCKIISTHHOW cepuu. lIoBbIlas MOCTCIEHHO HANMPSDKCHUE WU
eMkocTh koHacHcaTtopa co 100 md u gamee, v moAK/IOYAs €ro K
3JCKTPOJAM JIAMITBI MOXKHO YOCIUTBCS, YTO, HAYMHAS C HEKOTOPOro
3HAYCHUS, DJICKTPOIBI BHYTPH JIAMITHI HAUHYT B3PHIBATHCS, TAK UTO OT
HuX ocractcs Tpyxa. Komba nmammer mpu 3ToM ocraercs uenou. M3
3TOrO CIEAYET, YTO BAKYYMHBIH Pa3psi UMEET BHICOKYIO SHCPICTHKY .

IIpodeccop OxoHOMHUYECcKOro yHuBepcuTeTa wuM. lliexaHoBa
Anekcanap Bacunbesuu Yeprerckuit B8 70 — 80¢ roxmel mposen
CEPUI0 IKCICPUMCHTOB C BaKyyMHBIM paspsauukoM. OnpHo wu3
YCTPOMCTB OBIJIO COOPAHO MO CXeMe, MPUBEACHHON Ha puc. 13.

B cxeme uMescs HCTOYHUK MOCTOSIHHOTO TOKA U LICTIh, COCTOSIIAS
u3 KOHJeHcaTopa eMkocThio 1 Mk®, HacTpauBaecMOro paspsgHHKA U
JBYX OJMHAKOBBIX jamriouek MOImHOCThIO mo 60 Br. Ogna pamma
BKITIOYATIAch JO KOHICHCATOPA, BTOPAst — [OCTIC Pa3psIIHUKA.

Hanpspkenue moaOHpanoch TakuM, 4YTOObI IMPH  3aMBIKAHHH
paspsaHMKa 00¢ sammbl cierka cBetwiuch. llpu  pasmbikaHum
paspsiAHUKAa 00C JaMrbl, SCTCCTBCHHO HE TOpelu. 3aTeM, cCOrKas
3JCKTPOIBl Pa3pPsSIHUKA HYKHO OBIIO YCTAHOBUTH YCTOWYHBBIN
paspsx  (0OBIMHO, 3TO COOTBETCTBOBAIO PACCTOSHHIO  MEXKIY
9JICKTPOJAMH B HECKOJIBKO JCCATHIX JONCH MHUIIMMETPA) W 3aTEM,
HACTpauBas Pa3psIHUK, T.C. PETYAUPYS PACCTOSHHE MEKAY
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SJICKTpOAaMH € MMOMOIIBKO MUKPOMCTPUYICCKOI'O BUHTA, MCHSIU HAaKaJl
JIaMII. HpI/I OTOM IICpBasd JjiaMIia Morja nmoraCHyTb COBCCM, a BTOpas
A0BOAMIACH A0 BBICOKOI'O HaKaJja, IIpyu KOTOPOM MOIJIa U NCPCropeTh.

JI P

—O—b 9

-~ |en T 10

Puc. 13. Cxema A.B.Uepnerckoro: BII — 610k muranus, P — pazpsmrmk, C —
KoHJIeHcaTop, JI — raMIIbl HaKanMBaHWsL.

CoszaaBanocek crpanHoe BreuatieHue. OQOe jgaMmbl BKIIOUCHBI
MOCNEAOBATENBHO B LICMb, MATAEMYI MOCTOSHHBIM TOKOM, HO OJHA
JaMIa racna, a BTOpas SIPKO CBETHIACh, YTO SBHO TOBOPHJIO O
MIOATIUTKE €¢ JOMOTHUTCIbHOM 3Hepruci. Ha camom geme 3to BoBce
He 00s3aTenbHO. 31eCh 3HAYUTEIBHYIO POJb UrPal TaK HA3bIBACMBII
k03 puumeHT hopmsl.

Y A.B.YUepHerckoro B CBOE BpeMs BO3HUKIM 3HAYUTCIbHBIC
TPYAHOCTU C ONPCACIICHUCM BCININHBI BLII[CHHCMOﬁ MOIIIHOCTH. 3Ty
TPYZHOCTH JIETKO MPEOAONICTh, €CH HCIIOIb30BATh CIIE ABE TAKUX JKE
JJaMIIbI, TIUMTACMBIC KaKaass OT OTACJIPHOIO HCTOYHHUKA ITOCTOAHHOIO
TOKa, B LEMH KOTOPOr0 HM3MEPEHHE MOTPEONIEMOH MOIIHOCTH HE
MPEACTaBIACT TpyAa. JoBeas ¢ moMOIbI0 MAUPOMETPA HAKAT KaKIOU
JaMIIbl O HaKaja JaMII B OCHOBHOHM ICIH, MOKHO C BBICOKOU
TOYHOCTBIO OIIPCACINUTD BBHIACTIACMYIO MU MOIMHOCTD U COMMOCTABUTH
€€ ¢ MOIIHOCTBIO, MOTPEOISIEMON OCHOBHOM LICTIBIO.

K coxaneHuto, IOZOOHBIC MOMBITKH IPYIHX HCCICIOBATCICH HE
MOATBEPAUIN OXHIaeMoro pe3ynprata. OmHako OBLIO BBICKA3aHO
MPEAMOIOKEHNE, YTO 3THMHU HCCICAOBATCISIMUA HE OBLIO JOBEACHO
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3HAYCHUCE TOKA JO HEKOTOPOTO KPUTHYECCKOTO 3HAYCHHUS, IPH KOTOPOM
s dexr HauneT nposBisThCs. [103TOMY 3KCHEPUMEHTHI B MTOJO00HOM
HaMpaBICHUH LETECO00PA3HO MPOJOIKUTE.

HeoGxomuMmo moBecT m0 cBeAeHUWs 4HTaTemsl, 4yTo mpodeccop
A.B.YepHerckuii morub OT paka KOXKU HA JIHUIE, MPEANOI0KUTCIBHO
OONYYUBIIMCH B MPOLIECCE MPOBEACHHS SKCIECPUMEHTOB  OT
MyJIbCUPYIOIIETO MACHUTHOTO MOl WM TONS JPYrOH MPUPOIH,
OKPYIKAIOIIEr0 paspsigHUK. JTO 3HAYUT, YTO NPU NPOBEICHUU
MOJOOHBIX IKCIEPUMEHTOB HEOOXOAUMO COOMIOIATh OCTOPOXKHOCTH,
HE MPUONIKAsICh OIM3KO K pa3psIHUKY.

Awmepukanckum yuenbsiM Kennerom P. Iloynaepcom mpeamoxeH
MpHOOpP C HCMOIB30BAHUEM OBICTPOACHUCTBYIOIIEIO 3JICKTPHICCKOrO
KI0Ya  (BaKYyMHOrO paspsOHMKA) U1 [OJMYYCHUS SHEPTHUH U3
oKpy»Karomeii cpeapl, B kotopoM mnomyueHo or30 mo 50 kpatHOe
VBEMTUUCHHE OHEPrHU TMpaBia, IIOKA B MalbIX KOJHYCCTBAX.
[IpennonoxxuTenpbHO, 34ECh pPEaTM3yeTcss TOT CaMblii MEXaHH3M
o0Opa3oBaHHMs MArHUTHOTO TONS W €ro CXKaTHe, KOTOPBIH OmHcaH
BhIIIC. BRICOKMIA KIA yCTPOMCTBA MOATBEPIKIACT LEIECOOOPA3HOCTb
MPOXOKEHHUS paboT B TOZOOHOM HalpaBJICHHH.

Takum o6pazoM, MpUMEHEHUE OBICTPOACHCTBYIOIINX KITFOUEH ISt
MOAYYCHUS DHEPrUM U3 3Pupa MOXKET OKaszaTbCsl BeEChbMa
MCPCIICKTUBHBIM.

4.3. /lsoiinas cnupans Tecnv

B HexoTopelx cBomx ycTpoiictBax Teciaa wmcmomp3oBam IBE
pACHONOXKEHHBIE B  OOMEH IUIOCKOCTH  IUIOCKHE  CIHPAIIH,
BKJIFOUCHHBIC mocenoBateabHo (puc. 14).3a4qem?

Ha puc. 15 wuzobpakeHO HampaBieHHE PacIpOCTPAHCHHUS
MAarHUTHOTO TOJISI IO BHEIIHUM BHUTKaM CIIHpajed M MO UX LCHTpPaM,
U3 YEro CIeAyeT, YTO CO3JAHHOE IIONE JODKHO 3aMKHYTBCS B
TOPOUAANbHBIN BHUXpb. TakuM 00pa3oM, NPUMEHCHHE JBOHHBIX
IJIOCKHX CITHPANICH KaK 3JIEMCHTA SJICKTPHUCCKUX LeTel IpuoopeTaeT
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KOHKpeTHBIM  cMmbica. QpgHako crneayer caeiaarh  HECKOJIBKO
JOIIOJIHCHUH.

Puc. 14. JIBoitHast cnimpaJib IUTsi BO30Y:KIeHISI MATHHTHOTO TOpoma

Puc. 15. O6pa3oBaHIie MATHITHOTO TOPOW/Ia BOKPYT IJIOCKHIX CIIHpaJteii

Bo-mepBhIX, 3aMBIKAHHE MAarHWTHOIO TOpOMAAa M €rO
MOCNEAYIONEee CKATHE MPOU30HACT B TOM CIy4ae, CCIH TOK B LICITH
OyZeT UMOYNTbCHBIM M MEPEAHMA H 3amHUA  (QPOHTH OyAyT
JOCTaTOYHO KOPOTKMMU. ITO 0COOECHHO Kacaercs 3aaHero (poHTa, oT
KPYTH3HBI ~ KOTOPOTrO TPsSMO  3aBUCHT, Oyzaer chopMHpOBaH
MOTPAHUYHBIA CITIOW HA MOBEPXHOCTH TOpouaa wuiu He Oyaer. Bo-
BTOPBIX, BO3MOXKHO, YTO ONPEICICHHYIO POJIb HIPACT PACIIONOKCHHUE
paspsoHMKAa OTHOCHTENBbHO crupaneid: y Tecaa — pa3psaHUK
pacmomaraics B HPOMEXKYTKE  MEXAY  COHUPATSMH,  YEM
rapaHTUPOBAIACh OJHOBPEMEHHOCTh CO3JAHUSI MATHUTHBIX MOJICH Y
o0enx crimpanei.
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ITockomeky B HacToOsIIEE BpPEMS HMPAKTHYECKH HHUKAKOH YETKOH
METOAOJIOTHY, IIO3BOJLIIOIIEH IIPOM3BECTH pacueT IapaMeTpOB
cHpaneid W paspsIHUKOB HE CYMIECTBYET, TO MOAOOP MapaMeTpoB
MIPUAETCS Ha MEPBBIX [TOPaX MPOU3BOANTE OIBITHBIM ITyTEM.

4.4. Tpancpopmamop Tecnw

Cxema ycrpotictBa Tpanchopmartopa Tecasl mpuBeacHa HA puc.

16.
Tp
p
Bl % Cs EB C:

Puc. 16. Cxema BrimodeHns Tpancopmaropa Tecipr: BII — 610k rranms; P
— paspsamruk, C; — pa3psHbil KoHgeHcatop; Tp — Tpanchopmatop Tecmer, C, —
PE30HAHCHBII KOHJIEHCaTOP.

Tpanchopmarop Tecma mpeacrasiser CcoOOi  YCTPOUCTBO,
cocrosiimee u3 OeccepIeHyHUKOBOro TpaHcdopmaropa, paspsIHUKA U
3JIEKTPUICCKOrO KOHJEHcaTopa. [epBuynas o0OMOTKa
TpanchopMaTopa BBINOIHEHA B BUAC HECKOIBKUX BUTKOB TOICTOU
MEIHOU MPOBOJOKH, & BTOPUYHAS, TOMEIICHHAS BHYTPU HIIH PSAOM C
MCPBUYHOW OOMOTKOW COCTOMT u3 OONBIIOTO0 YHCJIA BHUTKOB
U30IPOBAHHON TOHKOU MEIHOM MPOBOIOKU.

[lepBuunyro OOMOTKY 4epe3 paspsgHHK W KOHICHCATOD
MOJKITIOYAOT K HWCTOYHUKY TIEPEMEHHOIO TOKA, BO BTOPHYHOI
00MOTKE, B KOTOPOH BBIIONHSIOTCS YCIOBHUS PE30HAHCA.

IMpunupn  geiictBust  cxembl ¢ TpaHchopmaropom  Tecis
3aKITIOYACTCS B CICTYIOLICM.
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HampspkeHne  nCTOYHWMKAa TEPEMEHHOTO TOKAa — BBIOHMpaeTcs
JOCTaTOYHBIM Al mpobos paspsmHuka. B pesyaprate mpobost
paspsoHMKa B IEPBHYHON OOMOTKE BO30YKAACTCS MPEPHIBUCTHIN TOK,
BO3HHMKACT MPEPHIBUCTOC MATHHUTHOE TMONIC, HWHIYLHPYIOIIEE BO
BTOPUYHOH OOMOTKE BBICOKOYACTOTHBIC KOJCOAHHS  YaCTOTOH
nopsinka 150kI . bnarogapst pe3oHaHcy, HanpspKEHHE HA BTOPHYHOMN
00MOTKE moBBIIIAETCS 40 7 MITH. BombT.

Tpaunchopmarop Teciaa ucmonas3osancs B mepuon 1896 — 1904
MpHU CO3MAHHHM MOIIHBIX paguoctanimii (Hanpumep, B 1899 r. moxg
pykoBoacteoMm Tecia Obiia coopyskena pamuocranius Ha 200 kBt B
mrate Komopano). Tpumensics no cepeauusr 2040 cTonetus B TeX
JKE LICIISIX.

Ha npormspkHMM MHOTMX JE€T MHOTHE MBITATHCh OOBSICHHUTDH
mpuHUUN ~ AcdctBus — TpaHcopmatopa  Tecma, wmexoms w3
TPaJULMOHHBIX TMPEACTABICHUN, B YACTHOCTH, NOSBJICHHEM 3JC
CAaMOMHIYKLUU Ha KPYTHIX (PpOHTAX OOphIBA TOKA Pa3psIHUKOM B
MCPBUYHON OOMOTKE, HO OOBSICHECHHEC HE HANACHO M0 CUX MOp H,
MpeKIE BCEro, MOTOMY, YTO BCE MBITATHCh OOBSICHHUTH ACHCTBHUE
Tpanchopmaropa Tecnasl Ha TPaAULIUOHHONH OCHOBE.

C mosurmii xe¢ 3QUPOAMHAMUKHA HCKOTOPBIC MOMEHTBHI PabOThI
Tpanchopmaropa Tecasl HAYHHAIOT MPOSICHITHCS.

HecomHenHo, nosiBicHHE 5AC CAMOMHAYKLIUHU B TpaHChOpMaTope
Tecma mmeer MeCTO mpu OOpPHIBE TOKA B MCPBUYHONH OOMOTKE.
Opnako,  mpeAmoOaOXKHTEIbHO, B  Tpanchopmarope  Tecna
HCIONB3YETCsl HECKONBKO 3((eKTOB, IIaBHBIM M3 KOTOPBIX SIBISETCS
MOCTYIUICHUCE JOMOMHUTEIBHOW SHEpruu u3 3(dupa 3a cyer cxarus
MarHuTHOro momst AasneHueM 3¢upa. [lpuveHeHne ke pe3oHaHca
MO3BOJSICT HAKAIUTUBATH OOJBIINE TOKH M HCIOJIb30BATH OIMCAHHBIC
BBIIIC HEMUHCHHBIE 3Q¢eKTsl, ycuauparomue 3PQPEKTUBHOCTD
SIBIICHUSI. BeposiTHO, MPUMEHEHHE BaKyYMHBIX Pa3psSIHUKOB BMECTO
BO3AYIOHBIX MOKET CIIOCOOCTBOBATH CHIDKCHHUIO 3JICKTPOMATHUTHBIX
momex. HcciaemoBanust pabotel cxem ¢ Ttpanchopmaropom Tecna
MOYKET UMETh NPUHLMITHATBHOE 3HAYCHUE A1 Oy IyIICH SHEPreTHKH.



222 T';1aBa 6.

Omua u3 wmakeToB TtpaHchopmaTopa Tecasl U  H3IydCHHE,
HCXOMSINEe WX BEPXHEHW 4YacTH BTOPUYHOU (BHYTpCHHEH) O0OMOTKH
MoKa3aHsl Ha puc. 17

a) 0)

Puc. 17. Tpaucdopmarop Tecina: a) oburuii Buj J1aGopaTopHOro oopasia; o)
BHJ pa3psiia Ha BBIX0/le BTOPHYIHOI1 (BHyTpeHHeii) 00MOTKH TpaHcdopMaTopa

B mpuBenecHHOM Ha ¢ortorpadun TpaHchopmarope CTaBHIACH
3aJa4a MOMYYCHHUST MAKCHMAJIbHO BBICOKOTO HANPSDKCHHS, mpobiemMa
MOJIyUCHUA I[OHOHHHTCHBHOﬁ OHCPrum HC CTaBUIACH. O TOM, 4YTO
BBICOKOC HANPSDKCHUE OBIJIO MOMYYCHO, CBHICTCIBCTBYET KOPOHA
3JCKTPUUECKOrO paspsiaa, Xopoio BuaHas Ha ¢ororpaduu. OgHako ¢
MOMOLIBIO TOJAOOHOr0 K€ TpaHcHOpPMATOpPa MOMKHO IOMBITATHCS
MOTYYUTh JOMOTHUTEIBHYIO SHEPTHUIO U3 3dupa.

CymiecTByeT HECKOJIBKO OCOOEHHOCTel (hOpMUpPOBaHHUS
UMITYJIbCOB B TIEPBUYHOM Lienu TpaHchopmaropa Tecibr

Ecmu B karymike nnayktusaocty L, ['a Teder Tok i, A, T0 sHeprus
W, 3ar1aCCHHAasA B MAarHUTHOM I10JIC, COCTaBUT BCIINYUHY
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P2
|

w =L — Ik (11)
2

OO6pamaer Ha ceOs BHHMaHWE TOT ()aKT, YTO B OTIHYUE OT
kouzaeucaropa C, @, sapspkenHoro Hampspkenuem U, B, B xoTopom
3amaceHHast sueprust WC, J[x cocraBisier BEIHUUHY

@] 2
We = C _— I[)K, (12)
2

U 3Ta SHCPTUS COXPAHSICTCS U MOXET XPAHUTHCS CKOJIb YTOAHO JOJITO,
€CM HET MOTCPh, TO B KATYHIKC MHAYKTUBHOCTU DHCPTHUS HCUC3ACT,
KaK TOJBKO MPEKPAIIACT TCUb TOK, M 3aIACCHHAS B MAarHUTHOM IIOJIC
SHEPTHsI BO3BPAIIACTCS B LCMb, CO3JABINYI0 MarHuTHOC moje. Ho
CCJIM 3Ta DHEPrus BO3BPAIIACTCS HC B IICMb, CO3AABIIYIO MATHUTHOC
ToJiC, a B APYIYIO ICMb, B KOTOPOH PHEPTUS MOXKCT HAKATUINBATHCS,
HampuMep, B KOHICHCATOPE, TO OOIICE KOJUICCTBO SHCPTUU COCTABUT
BCJIMYUHY, MPOMOPIHOHAIBHYIO KOJTHYECCTBY UMITYJIbCOB N, T.c.
i 2
w, =N L—— Ik (13)
2

31ech MPEAnoaaracTcsi, YTO 3HAYCHHUC TOKA YCTAHABIMBACTCS B
KOKIOM HMITYJIbCE 3a mcuesarome manoe Bpems. Ilox wmcuesaromme
MaJbIM BPCMCHECM YCTAHOBJICHHS TOKA B HMIYJIbCE MOXKCT
MPEANOaaraTbCs JIATCIBHOCTE (PPOHTA HMIIYJIbCA, HECOU3MEPHUMO
Majas Mo CPaBHCHHUIO C IUTCIbHOCTBIO CAMOr0 HMMIYJbCA, T.C.
NPUMCPHO B JOCCATh pa3 McHbImas. Torga HAKOIICHHAs B
KOHACHCATOPE, BKIIFOUCHHOM BO BTOPYHO LICMb, OHEPTHst OyaeT
HCOTPAHUUYCHHO PACTH CO BPCMCHEM.

MrHoBeHHAsT ~MOIDHOCTh  KQXAOTO  HMITYJbCA  MMCIOIICTO
JUIMTEIIBHOCTD T, COCTABUT:
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Li?
pL= —— BT, (14)
T

u, ecaum (opMa HMIYIbCa COOTBETCTBYET MEAHIPY, TO €CTh
JUTUTETIBHOCTh MMITYJbCA W AJMTCIBHOCTh May3bl PaBHbBI, TO OOIIAs
MOIITHOCTH COCTaBUT:

P.= ——,Br, (15)

Ecmu  paguycel mepBuuHOM 0OMOTKH 'l M BTOpHUYHOH 2 He
paBHbI, TO

r?FLi?
P=—— Br (16)
4,2

31ech ClIEAyeT y4YecTh, YTO OTHOIICHUE PATUYCOB HE JO/DKHO
OBITH OOJIBIINM, TOCKOJIBKY 3aBUCHMOCTH 31CCh HCIWHCHHAS, U ©C
CIIC MPEICTOUT YCTAHOBUTH.

IlocrosiHHAst BpeMEHHM LEMHM KIOY — MOCPBUYHAS OOMOTKA
TpaHchopMaTopa COCTaBIISCT

TLR:L/R, (17)

rae L — uHaykTUBHOCTE riepBuuHOM 00MoTKH, ['H, R — comporusicHue
KITFOYQ B OTKPBITOM COCTOSIHHH.

Ecnu mautenpHOCTh UMITy/IbCA PaBHA MTOCTOSIHHOW BPEMEHU LICTTH
KIIOY-TICPBUYHAsE 00MOTKa  TpaHchopMmaropa, TO 32  BpeMms
JUTMTEIBHOCTH HMMITYJIbCA TOK B LICMU BhipacteT A0 3HaucHus 0,632
MOJTHOTO TOKA IMPH MUTAHUM LCMH MOCTOSTHHBIM TOKOM. Torga obrmrast
MPEACTbHAS MOITHOCTh, KOTOPYIO MOYKHO MOJIYYHUTh, COCTABUT:
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0,632R r%i ? r?

P.= =0,IRi? , Br. (18)
422 r22

[Mpu orHOmICHMM paguycoB Fi/ F, = 2 WOXYYUM 3HAUCHHC

MPEAETbHON MOIIHOCTHU
P.= 0,4Ri?% Br. (19)
IMpu orHOmEeHNK paanycos 1l /r2 = 3nomyumnm:
P.= 0,9Ri’ Br. (20)

IIpu Hanpspxkenun mutamms U = 100 B u comporusneHnu
orkpeitoro kimroda B 100 Om Benmumna Toka coctaButr 1 A u
MpeAeabHAs MOTyYaeMasi MOLIHOCTh B MEpBOM ciyuae coctasut 40
Br, Bo BropoMm — 90 Br. Ecnmm xe OyayT HpHUMEHEHBI KIIIOYH,
cnocobueie mponyckats 10 A., To B mepBoM ciydae mpeacibHas
momHOocTs cocraBut 4 kBrt, Bo BrOopom 9 kBr. MomHocts ke
3aTpayrBacMas Ha MOJACPKAHHE IpoLecca B O0OMX  CIaydasx
cocrasur 0,1 R i 2,1. ¢. mpu Toke B 1A 10 Br, mpu Toxke 8 10A — 1
kBT. OTa MOIIHOCTD BBIACTSACTCS HA KIKOYE, YTO TPEOYET HMPUHATHS
CEPBE3HBIX MEP AJISI €ro OXJTXKIACHUS.

ITpu 3HaueHNM MHAYKTHBHOCTU mepBrYHON 0O0MOTKH B 100 MKk 'H

MOCTOSIHHAS. BPCMCHH IICOM  COCTaBHUT 10%100 = 10° c,
ciaeqoBareapHO, uacrora mnepexnmroueHuit cocraut 500 xl'm, a ¢
Y4eTOM HE00X0IUMOit KPYTH3HBI ¢poHTOB YJaCTOTHAs

XapaKTCPUCTHKA KITF0UYa A0JIKHA OBITh HE XyXke, deM Sml 1.

Ecnu uaaykTuBHOCTD niepBUdHON 00MOTKH coctasisier 100 Mkl 'H
= 10" I'n, a yacTOTa MOBTOPEHHS HMITYIbCOB cocTassier 1 My = 106
I'u, To mpu Toke B uMmmysbce, paBHOM 1 A, MOIIIHOCTh MarHUTHOTO
momst  cocraBur 100 Br. ITlpu Oompmmx wacrotrax oHa Oyaer
COOTBETCTBCHHO OOJIBIICH, €CITH 33 BPEMs IMTCIBHOCTH KMITYJIbCA
TOK B TMCPBHYHON OOMOTKE YCIEET YCTAHOBUTBHCS O IIOIHOTO
snaueHus. [Ipu 3TOM ATUTENTBHOCTD, KaK MEPEAHErO, TAK H 3aJHETO
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(hpOHTOB JOKHA KAKIAOr0o cocTaBiath He Oomee 0,101 maurenpHOCTH
CaMoro UMITyJbCa.

N3 u310:KEHHOTO BBITCKACT, YTO MAJIS IOBBILICHHS BBIXOJHOMN
MOIIHOCTH CJCAYEeT HAWTH ONTUMAIBHOC OTHOLICHHWE JUAMETPOB
MCPBUYHOM U BTOPUYHONW OOMOTOK, a TaKKE CTPEMHTBCA K
MOBBIIICHUIO YACTOThI MEPEKITIOUCHUS TOKA KITFOUEM, YTO BO3MOKHO
JUINb TP MOBBIIICHUU €rO CONPOTUBIICHHUS, a 3HAYUT, MOBBIIICHUS
MUTAOLICIO HAMPSDKEHUSI U COOTBETCTBCHHO BBIACTSICMOM Ha KIFOUE
MOIIIHOCTH.

[IpoBeneHHbBIC H3MEPEHUS TOKA3AH, YTO C YBEIUICHUCM CCUCHHUS
MpOBOAA VyICIbHAs HMHAYKTHBHOCTh NPOBOAA yMeEHbHIaeTcs. [lpum
VBETUUCHHM CCUCHHS IMPOBOJA €0 HWHAYKTHBHOCTH CHIDKACTCS IO
JOrpUPMHICCKOMY 3aKOHY:

2
Ceuenue nposoga, MM~ Y JenbHas HHAYKTUBHOCTD, MKl 'H/M
Yy

0,35 1,65
0,5 1,45
0,75 1,2

1,0 0,97

IIpu pacuere WMHIYKTHBHOCTH CONCHOWIOB, KaK IMpPaBHIO, HE
VUUTBIBACTCSl CEUCHUE CAMUX MPOBOAOB, 3TO HEMpaBHIbHO. TeMm He
MEHEE, OZHUM W3 MYyTeH COKPAINCHHS 3HAYCHUH HMHIYKTUBHOCTH IS
MOTYYCHUS KOPOTKUX (DPOHTOB SIBISCTCS YBEIMYCHUE CCUCHHUS
MPOBOAA KATYIIKH.

CymecTtByeT W BTOPOW CHOCOO — YBEIMYCHUE AaKTHBHOTO
COTNPOTHBIICHUS LENU A1 YMEHBIICHHS MMOCTOSSHHOW BPEMEHH IICTIH,
HO TaKOW Ccroco0 HE BHITOJCH, T.K. IOTPEOYET YBEINUICHUSI MOITHOCTH
nmnynbca. Kpome Toro, Ha BRICOKHX 4acTOTaX JOMKEH CHITPATh CBOIO
poib CKkuH-3G(EKT, B COOTBETCTBUU C KOTOPHIM B IICPBUYHON
KaTyIIKe HHAYKTHBHOCTH OVAET HCIOIb30BAHO HE BCE CCUCHUE
HpOBOJA, a TOJIBKO IOBEPXHOCTHBII CNOM, KOTOPBIA MNPUBEAET K
BO3PACTAHUIO AKTUBHOTO COMPOTUBJICHUS LICITH.
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Takum 00pa3oM, YBEIMUCHHE CEUYCHUS NPOBOJA IICPBUYHOMN
OOMOTKM  SIBISICTCS ~ HAWIYYIOUM  CIOCOOOM ISt COKPAIUCHUS
JUIMTEIBHOCTH  (DPOHTOB ~ HMITYyJBCOB, 9YTO H  CACIAHO B
Tpanchopmarope Tecapl: miepBuyYHAsT OOMOTKA BBIIOJHCHA U3
TOJICTOTO MPOBOA, UMCIOIIEIO CCUCHUE NECATKU U COTHH KBAAPATHBIX
MUJITUMETPOB.

ITpu Hampsprkernnn mutanus kmoua U = 1000B, R = 1000Mm u
Toke B 10 A BrlmensgeMmas Ha kiaroue MomHocth cocrasut 10 kBr, a
BbIIaBacMasi MOLIHOCTh ¢ YUETOM IMOTCPU HA BO3BPATHYIO MOIIHOCTb
coctasurt B niepeoM ciayuae 30kBr, Bo BTopom — 80kBr.

Tecna B cBoux Tpanchopmaropax MPUMEHSIT YaCTOTH MOPSIKA
200 xl'm, MOXHO mpeamonaraTh, YTO TakKas dYacToTa SBIISICTCS
ONTUMAJIBHOM, 10 KpaWHEH Mepe, sk HAaYaIbHOU CTaauu padoT.

Pacuer 3apsgHON eMKOCTH, INYHTHPYIOMEH IENb ITHTAHUA
3JCKTPOHHOM CXEMbI MPOU3BEIACM, HCXOIS W3 COOTHOILICHUS ISt
3JCKTPUYECKOrO 3apsiaa

Q=CU=IT, 21)
UMEEM
iT

Ecnu Best anexTponHas cxema mutaetcs ot HanpsbkeHus 100B, o
mpu Toke | = 1 A u gurensHocTH nmmyibea 1 = 10°¢ (F = 0,5mI),
MOy YHM:

C =0,01MmxdD.

OpHako 31ech IMPEATonaraeTcs MOTHBIA Pas3psil €MKOCTH, UTO
HeuenecooOpasHo. [Jlns  Toro, dYTOOBI E€MKOCTB  YACpKHBANA
HanpsDKCHUE THUTaHUS B mpeenax u3MeHeHuid He 6onee 10%, Hy)HO
yBenuuuth ee B 10 pa3, criemoBatenbHO, A7l MPUBEACHHOTO MPUMEpa
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JOCTaTOYHO UMETh 3Ha4YeHHE myHTHpyromei eMkocTd 0,1 Mx® mpu
pabouem nHampspkennu B 1000B. u 4acTOTHBIX XapaKTEepUCTHKAX J0
1-2vml .

ITpu padouem HampspkeHuu B 1000 B m Toke mmmynsca 810 A
moTpeOyeTcss KOHACHCATOP eMKOCThIO TOi ke 1 mMk® mpu pabouem
HanpspkeHHH B 1000B u Tex e 4acTOTHBIX XapaKTePUCTHKAX.

Takum 0O6pa3zoM, BEIPUCOBBIBACTCS CICIYIOLIMA TPUHIAI PaboThI
yCTpOICTBA A OMYYCHUS SHEPTHH U3 3upa.

B nepBuuHyro 0oOMOTKY TpaHcdopMaTopa C BO3MOXHO Ooiee
BBICOKOH YaCTOTOH IMOBTOPEHMs MOCTYMAIOT HMIYJIBCH TOKa C
kopotkumu (pporTamu. C BTOpHYHON OOMOTKH, UMeroLel Oombiuee
YHCIO BHTKOB, YEM IICPBHYHAs, CHUMAIOTCS HMITYJIbCHI M UeEpe3
BBIIPSIMATEIIBHBIA AHO NOCTYHAIOT HA KOHACHCATOP, IIYHTHPYIOINN
LeMb TNUTAHUS TEHEpaTopa HWMIYJIbCOB, YEM OCYLIECTBISIETCS
MOJIOKUTEIbHAS OOpaTHAas CBsI3b, NMPU3BAHHAS MOJNCPKHBATH BECH
npouccc. HawampHBIM 3amyck BCCH CXEMBI OCYIICCTBIISICTCS  OT
cTapTepa — OTACIBHOTO MCTOYHHKA MHUTAHHS T'EHEPATOPa MMITYJIbCOB
(cetb, Oarapess, axKKyMyJasSTOp), KOTOPBIA TIOCIE  BXOXKICHUS
YCTPOMCTBA B PEXKUM, OTKJIFOUAETCS.

OHeprus A7 BHEIIHETO TMOTPEOHTENS CHHUMAETCs C TPEeThed
OOMOTKH, MOMEIIAEMONW AHATOTUYHO BTOPHYHOU OOMOTKE BHYTPb
nepBu4HOM 00MOTKHU. K 3T0i TpeTheit 0OMOTKE TaKkKe MOAKITIOYACTCS
BBIIPSIMATEIIBHBIA  AWOL, a 3aTeM CIIKUBAIOIIUH KOHACHCATOP.
[Tony4yeHHOE MOCTOSIHHOE HANPSDKCHUE MOXKET UCIONB30BATHCS JTHOO
HETOCPEACTBCHHO, THOO Yepe3 COOTBETCTBYIOIIKE MpeoOpa3oBaTen,
mpeoOpa3syroIue MOCTOSHHBIA TOK B BHJA J3HCPTHH, HECOOXOIHUMBIN
MOTPEOUTEITIO.

4.5. Ocobennocmu nonoxcumenbHol 00pamHoOIl c6s3uU U
pe2yiuposanue IHepzemuieckux nomoKos

CamonoaaepkuBaHue MPOIECCA  WM3BJACUCHMS JHECPTUU W3
OKpY’KarOIICH Cpeapl Mpu JIFO0OH CXEME BO3MOXKHO [IHIIb B TOM
ciaydac, CCIM YacTh IONYUCHHON SHCPTHHM HAIPABJACTCS HA BXOX
YCTPOWCTBA, 3TO 3HAYMUT, YTO CHCTCMa JO/DKHA OBITh OXBauCHA
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MOJOKUTCIIPHOH OOpaTHOM CBSI3pI0 M KO3(QQHULUUCHT yCHUICHUS
3aMKHYTOH LIETTH JODKEH ObITh paBeH exunuLe (puc. 18).

05,\' +

QBbIX
—>

a)

/
/
QBbIX eBle
6) e)
Puc. 18. DJHeprermdeckasi YCTaHOBKA, OXBaUeHHasl MOJI0KHTETLHOM

o0paTHON CBSI3BIO. a) CTPYKTYpa; 0) 3aTyXarolllWii IIepeXOopHOM IIporiecc; &)
PacXosIIMIACS IIEPEXOTHOM IIPOLIECC

Ecmun Ha BXOA CHCTEMBI BO3BPAINACTCSA DHCPTHM MCHBINE, YCM
HY>KHO TS MOJACP:KaHus pabouero mpoiecca, mpouece HEU30SKHO
3aTYXHET. 3aTyXaHHe MpoLecca Ja)Xe HOCSIIEro KoieOaTeIbHbIN
XapaxkTep, OOBIYHO MPOMCXOAUT IO SKCHOHCHIHMAIBHOMY 3aKOHY,
MPUYEM TTOKA3aTEITh SKCITOHCHTHI UMEET OTPUIATCIBHBIN 3HAK.

Ecmu xe kosduIMEHT ycuIeHHs 3aMKHYTOH LIEOW OobLie
CAVHUIBI, TO CHCTEMA HAYMHACT HAKAIIMBATH ODHCPTHUIO, IMPOIIECC
pa3BHBACTCS MO OKCHOHCHIMAIPHOMY 3aKOHY, HO IIOKa3aTellb
SKCITOHCHTHI IMEET TIOJIOKUTCABHBIH 3HAK, M CHCTEMA HUACT B Pa3HOC.

B 3toM cnyuae B cucteMe HaxoAumTcs Kakoe-mubOo craleiimnee
3BEHO, KOTOPOE BBIXOTUT U3 CTPOS M MpephiBacT mporece. Oauum u3
BapHAHTOB TAKOTO COOBITHS SIBISICTCS B3PBIB.

Obecrieunth TOYHOE PABEHCTBO ¢auHUIE Kod(duumeHTa
VCUJICHUS 3aMKHYTOH Iienmu 0€3 PEeryaHpOBaHUS TPAKTHUCCKH HE
NPEICTABIISACTCS BO3MOXKHBIM, BO BCEX CHOydasx paboTa Takoi
CHUCTEMBI OYJCT HEYCTOWYUBOM, OHA JTUOO OCTAHOBUTCS, JINOO MOMACT
B pasHOC.
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st Toro 4To0Bl 3TOr0 HE MPOH3OLIIO, B CUCTEMY, OXBAYCHHYIO
MOJIOKUTEIIBHOW OOpaTHOW CBS3bID, OOSM3ATENBHO JO/DKCH  OBITH
BKITIOUCH PETYJATOpP, 3aJaucii KOTOPOro SIBISETCS OTPAHUYUCHHE TOH
YacTH JHEPrHH, KOTOPas BO3BPALIACTCS HA BXOJ CHCTEMBI Yepe3
o0OpaTHyO CBsI3b. TakoH pErymsITop MOXKET OBITh BBIIIOJTHCH
HECKOJIBKHMH CIIOCO0aMH.

IlepBrIit cmoco®d — mpocToe OrpaHHYCHUE BEIUYHHBI OOpPaTHOM
SHEPTMM HEKOTOPHIM HACBHILIIAOIMUMCS 3BCHOM. TakuM 3BCHBSIMU
MOTYT SIBJISITBCSL TIOOBIC 3BEHBSI C HEIMHCHHBIMH XapaKTCPUCTHKAMU
TUINIA HACHIICHHS JKEJle3a WIM CTaOWIMTpoHOB. B ciyuae
WCTONB30BaHMUS  TpaHChOpMaTopa C JKENE3HBIM  CEPACYHHKOM
VBEITUUCHHE HANPSDKCHHS B MEPBHYHON OOMOTKE IMOCTE HACBHILICHUS
CCpACYHMKA HE MPUBOAUT K YBEIHUCHUIO HAIMPSDKCHUSI HA BTOPUYHOU
obmoTke. B chaywae wucmonp3oBaHusl CTAOMIUTPOHOB H30BITOUHAS
SHEPrusl HANPABISCTCA B OOXOA LICMU OOpPATHOW CBS3H, YCM H
OrPaHUYMBACTCS TIOCTYINICHUE SHEPTHH HAa BXOJ CUCTEMBI.

BropeiMm  cnocoGoMm  sBnsieTcss  MPUMCHEHUE — HETHHEWHOU
oTpuLaTeAbHON oOpaTHOi cBs3u. Ilo uenu oTpuIaTeIbHON 00paTHOMI
CBSI3U HA BXOJ CHCTEMBbI JODKCH MOCTYNATh BTOPOH MOTOK SHEPTUH CO
3HAKOM, MPOTHBOIMOIOMXHBIM 3HAKY MOTOKA JHEPTUH, MOCTYMAIOLICH
MO LIEMHU MOJOXKHUTCIPHON 0oOpaTHOW cBsS3W Ha TOT ke BXxoA. Ecmm
mporecc KonedaTenbHbIi, To 0OOpaTHBIM MOTOK JOKEH MOCTYNATh Ha
BXOA B MpoTHBO(A3e TMOTOKY MOJOKUTEIbHOH SHEPruu, eciu
oOpaTHasi CBsI3b BBIIIOJHECHA B BUAC HANPSDKCHUS IOJOKUTEIBHOM
MOJSIPHOCTH, TO MO LIEMU OTPULATEIBHON CBS3M JOJDKHA MOCTYHATh B
Ty K€ TOYKY OHEPrUs B BHIC HANPsDKCHHS OTPULATEIBHOU
MOIPHOCTH. B KaKAOM KOHKPETHOM CNydae BHJ SHCPIHH,
HUCHOJIB3YEMOM B LEMAX MOJIOXKUTEIBHON M OTPULATEIBHOU CBA3H,
VCTAHABIMBACTCS KOHKPETHO, B COOTBETCTBHH C IPUHLIHMIIOM
JIEUCTBUS CUCTEMBI.

BapuaHTsl (yHKUHOHHPOBAHMS OTPULATCIFHON OOPATHOM CBS3U
MOTYT OBITh TaKXe pa3muuHbl. Ee mapaMeTpsl MOTyT ObITh BEIOPaHHI,
HAIpUMEpP, TAKUMH, YTO OHAa BOOOIIE HE BKIIOYAETCS, MOKA YPOBCHb
SHEPTMHM B TONOKUTEIBHOH OOpaTHOH CBS3M HE JOCTHTHET
ONPEIECNCHHOr0 TOpPOra, TONBKO IIOCAE€ JTOr0 OHA HAuMHACT
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BMEIIMBAaTbcd B mpomecc. Takme WiIM  Apyrue  BapHUAHTHI
PEryIUPOBAHUS MPOLECCOB JOCTATOYHO MOAPOOHO OMHUCAHBI TEOPUEU
ABTOMATHYECKOTO PEryJUpOBaHus, O3 WCIOIb30BAHUS KOTOPOIt
TPYAHO TIIOCTPOMTH pPACCMATPHUBAEMBIE CHCTEMBI JaXX€ B CiIydae
HAXOXKIEHHUS BCEX MPHUHIINIHAIBHBIX PEIICHUH.

5. CTpyKTypHasi cxeMa 3(pupoanHaMMUYeCcKoro
reHeparopa 3Heprum

Hcxoass w3 M3IOKEHHOTO, MOXKET OBITh PEKOMCHIOBAaHA ISt
MaKCTHPOBAHUS CACAyOLIAs cxema 3(upoguHAMIYECKOTO
reHEpaTopa SHEPTUU — YCTPOUCTBA TS MOTYUCHUS SHEPrUuu u3 d¢upa
(puc. 19).

Bce ycTpolicTBO cOCTOUT U3 ABYX Y3JIOB:

— BHCIIHETO WCTOYHMKA MHUTAHUS, CAYXKAIIErO CTapTCPOM st
3aMmyCKa CXEMBI,

— reHepaTopa UMITYIILCOB, coaepxartiero Tpanchopmarop Tecsr,
HUMCIOIIVIA TP OOMOTKH — TICPBUYHYIO (HApPY’KHYIO) U IBE BTOPUIHBIX
(BHYTpEeHHUX), OJHA M3 KOTOPBIX CIYKHUT [T CO3JAHUS LICTIH
MOJIOKUTCIIBHOM O00paTHOM CBsI3U, a BTOpAs SIBJSICTCS BBIXOIHOM,
MOIK/TIOYACMOI Yepe3 BBIMTPSIMUTEIBHBINA MOCT K HArPY3KeE.

3amaua moxbopa mapamerpoB (3HaueHmii emiocteir C; m Cy,
COOTHOIICHUS AUAMETPOB M BUTKOB I[ICPBHYHONM U BTOPUYHOMN
karymek, 3HaucHuil Hanpsokenuit U;, U, Us) saxmrouaercs B ToM,
9TOOBI TOK OOpaTHOM CBSI3U |, CTAHOBMIICS KaK MOXKHO Oojblie mpu
COOTBETCTBYIOILICM yMEHbIICHUU TOKA |;. 3agada OymeT BHINOIHCHA,
€Cii TpH Hanuyuu Toka |, Tok |; TpekpaTuTcs MOTHOCTBIO.
BosHukHOBeHHE TOKA |3 B LEmU OrpaHUYCHHUS CBHACTCIBCTBYET O
MOJTyYCHUH U30BITOYHON SHCPTHH.

Bce ammepmerpsl, ykasaHHBIE Ha CXEME, JO/KHBI OBITh
TEPMOIAPHBIMH.

IMocnenoBatenbHO ¢ paspsAHUKOM P; MOKeT OBITH BKITIOUYCHA
JBOWHAs crpaib 1o puc. 14.
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FeHepaTop 3Heprun Tp
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Puc. 19. Bapnant 0,10K-cXeMbI MaKeTa JJIsl OJIYUCHHs JHEPT U 13
a¢upa: BIl — Onox muranms; Tp — tpanchopmarop; W; — mepBudIHAA
Karymka TtpaHc(popmaropa, W, — karymka oOpatHoit cBm3m; W3 —
BBIXOTHAS KaTymmka Tpancopmaropa; C; — 3apsamHas eMKocTh muranus; C, —
EMKOCTb KOHTYpa (HEC YCTAHOBJICHO, HY>KHA JIH OHA); P — paspsAIHUK mpsaMon
ces3u (U; mpobos mopsaaka 1 kB/ mm); Py — paspsaaauk (wim amox) odpaTHOH
ces3u (Uz > Us); P; —paspamauk (wm cxema) orpannucHus HanpsoxeHud (Us
>U; ); L —TOK B memu HMEepBHYHOI 0OMOTKHU TpaHc(popmaropa; |, — TOK B
nenu 00paTHOM CBA3H; B — BBIXO.
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Buieoowt

1. DHepruro HU C€O34aTh, HU YVHHYTOXKUTH HENB3S, €€ MOXHO
MEPEBECTH U3 OAHON (POpMBI B APYTYIO, MO3TOMY BO BCEX CAydasx,
Korga KO3(HUIHEHT MOJIC3HOr0 ACUCTBUS YCTPOWCTBA OKa3BIBACTCS
OONBIIMM EIUHUIIBI, 0053aTETPHO MMEETCSl Pe3epByap, U3 KOTOPOro
yepraercsl U30bITOK 3Heprun. Takue ycTpoiicTBa Beerga ACHCTBYIOT
IO IPUHIUITY TaK HA3BIBACMOI'O «TCIIJIOBOI'0 HAcoca».

2. VYcTpoHcTBOM, € MOMOLIBK KOTOPOrO MNPUHIMIHAIBHO
BO3MOXKHO MpeoOpa3oBaTh MOTCHLHUANBHYIO OHEPruro0 sdupa B
SJCKTPUYCCKYIO  JHEPruro, sBisercs TtpaHcopmatop  Tecmsl,
WCHONB3YIOIIUH  CaMOMPOU3BONBHOE CXKATHE MATrHUTHOTO OIS,
o0pa3oBaHHOrO  TEPBHYHON  OOMOTKOH  TpaHcopmaropa U
BOCIIPHHAMAEMOI'0 BTOPHYHOH BHYTPECHHEH OOMOTKOW MEHBIIETO
muamerpa. OaHako oOTIaAKa YCTPOHCTBA TPeOYeT TIIATCABHOIO
nmoadopa 3IEMEHTOB M HACTPOHKHU UX PEKUMOB PabOTBHI.
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YHactb 2

ddmpoanHaMmuyeckme OCHOBBI
ONTUYECKUX AABFIeHNU

Beeoenue

WsBecTHO, uTO omTHKa — pasgen  (QU3HMKH, 3aHUMAFOIIHANCST
H3YUYCHHUEM CBETOBBIX SABJICHHUH, MPOIIIA ATUTEIBHBINA MyTh Pa3BUTHA,
HAYMHAS OT APCBHUX BPEMCH 0 HAIMUX JHCH. 3AKOHBI ONTUKA HAIIIHA
MUPOKOE MPUMCHCHHE, B MEPBYIO 0YCPEIb, KOHCUHO, TPU CO3TaHUN
OINTHYCCKUX TMPHUOOPOB, HWCIONB3YEMbIX B CaMbIX Pa3HOOOPa3HBIX
00/1aCcTSX — B aCTPOHOMUU, MOPCKOM JEJIC, BOCHHOM /e, OMOIoruu,
MEIUIMHE U MHOTUX ApyruX. ONTHUECKUE YCTPOHCTBA, OCHOBAHHBIC
HA pe3yNbTaTax TPYAOB MHOTHX WCCJICAOBATCACH, TMO3BOIUIN
3HAYUTEILHO  PACIIMPUTh 00JaCTh  WCCICAOBAHMS — MPHUPOIHBIX
SBIICHUA W TIPUHCCTH TPOMAIHYIO TONMB3y ITFOASIM, CO3JANN
BO3MOYKHOCTh HAOJIONATH Teaa, J0 TOH MOPH HCM3BCCTHBIC HAYKC.
MHorue U3 ONTHUYCCKUX MPUOOPOB, HATIPUMED, OUKH, BBITYCKAKOTCS
MUJITHOHHBIMHA 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
€CTCCTBO3HAHUS, €CTh MPUHITATHATHHBIC HETOCTATKH,
OrPaHUYMBAIOIINE BO3MOXKHOCTH €€ pasButus. Peus, mpexae BCEro,
HUACT O CTCICHW TIOHUMAHUSA (PU3MYCCKOW CYIIHOCTH CBETOBBIX
SIBIICHUU.

Bo Bceii MCTOpWU ONTHKH WMETM MECTO JBC MPUHIAMTHAIBHBIC
METOUYECKUAE OIIUOKH:

1. Beerga cuuTamoch, WTO CBET 3TO TOMCPCUHBIC KOJICOAHMs,
pacnpoctpanstomuecss B adupe (kpome mnpemiokenuit Herortona,
MOJIATABIIETO, YTO CBET — OTO MOTOK KOPITYCKYIT, MIIHA MPEIATONKCHUM
KBaHTOBOM MCXaHHMKHM 00 W3JIyUCHWM CBETa MOPIMSIMU — (POTOHAMH,
(haKTHUCCKH BO3BPAIIAIOIIMXCS K TEM KE KOPIYCKYyIam);
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2. Beerpa cunranock, 4TO B BaKyyMe, BKIIOUAsl BCE KOCMHYECKOE
MPOCTPAHCTBO, HUKAKUX HCKAKCHHUU CBOMCTB CBETA HE MOXKET OBITH
HU B YaCTU €ro CBOICTB, HANpUMEpP, CICKTPAIbHBIX XapaKTCPHCTHK,
HU B YaCTHU NPSIMOJUHEHHOCTH PacIpOCTPAHCHIH.

U To, n npyroe HEBEPHO.

CBeT He MOXKET OBITh IONEPEUYHBIMU KOIEOAHUAMH 3Qupa Mo Toi
MPOCTOH MpPHUYHHE, 4YTO TONMEpPEUHbIC KONeOaHUs HE MOTYT
pacupoCcTpaHATbCS HU B KakOM CIUIOIIHONM OJHOPOJHOHN cpexe, B
CIUTOLIHBIX CPEeJaX MOTYT PaCHpOCTPAHATbCS TOIBKO MPOXOJIbHBIC
konmeOaHusl THMAa 3BYKA, PACIPOCTPAHSIOWIEIOCS B BO3AYXE.
ITonepeunsic ke BOTHBI, B KOTOPBIX OTKIOHEHHE OT PABHOBECHOTO
MOJIOXKECHUS TICPIICHANKY/ISIPHO HAIMPABICHUIO PACIPOCTPAHEHUS, 3TO
Tak Ha3biBacMbIC BONMHBI Pemes, pacnpocTpaHSIOIUECS TOIBKO B
npeaenax 4-5MexMOIEKYISPHBIX TPOMEKYTKOB CPEIBI.

ITO MPOMCXOANUT MOTOMY, YTO ITFOOOE BO3MYIICHUE CPEIBI €CTh
MECTHOC W3MCHCHHE €€ IUIOTHOCTH, KOTOPOE pPacHpOCTPaHIETC
BIONb BO3MYLICHUS, STO €CTh NEPBBIA 3BYK. B momepeunom ke
HATPAaBICHUH MPOUCXOAUT TOJNBKO MOBOPOT MOICKYH, JOMS SHEPTHH,
3aTpayrBacMasi Ha 3TOT MOBOPOT, OTHOCHTEIBHO Maja, M 3Ta SHEPrusl
OBICTPO 3aTyXaeT.

[lomepeunpic BOMHBI CYIIECTBYIOT IPU BBIMOIHCHHH [JBYX
yciaoBuid. llepBoe ycmoBue — 3TO CYIIECTBOBaHHWE TIPAAWCHTA
IUIOTHOCTH, HAmpuMep, NpU HAIHMYHM JBYX CpPEX C pasHoil
IJIOTHOCTBIO, KOTAa MMEETCS YETKas TPaHHLA WX pa3jera, HampuMmep,
CTPYHa M BO3AYX, MEMOpaHa u BO31YyX, IOBEPXHOCTh BOABI M BO3AYX U
T.II. Bropoe ycmoBue — Hamuune MOTCHUMAIBHON — CHITHI,
BOCCTAHABIIMBAIOICH PAaBHOBECHE MPH €r0 HAPYIICHHH. JTO CHIIBI
VIOPYTOCTH CTPYHBI WM MEMOpaHbl MM CHJA TSDKECTH IS BOTHOM
MOBEPXHOCTH. Hudero 3Toro B CIUIOMIHOH cpexe HET, MO3TOMY M
BOJTHBI TIOMEPEYHOrO THIA B CIUIOIIHBIX CPEAax CYIIECTBOBATh HE
MOT'YT.

Yro ke TOoraa MpeACTaBIIOT COOOM JCKTPOMATHUTHBIC <BOTHBI»
U CBET, KOTOPBIC HPOSBISIOT BCE H3BCCTHBIC HBIHEC BOJHOBBIC
CBOICTBA, B TOM 4HCIC MHTEPREPEHUHIO — CIOKEHHE KoneOaHuil u
JUppakuuio — OTKIOHEHHE B cTopoHy TeHH? C 3THM Hamo
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pasoupatbcs. MokeT OBITh, CYIICCTBYIOT HWHBIC CTPYKTYPBI, HE
MOTICPEYHBIC BOJIHBI, KOTOPBIC B SBICHUAX WHTCPHECPCHIMH U
qupakiuy TPOSIBISIOT CEOS Tak ke, Kak U BOJAHBI? Beap atm
CTPYKTYPBl HHUKTO HC WCKall, MOCKOJbKY B OTOM HE OBLIO
HeobxoauMocTu. Ho Torma M BOBHHUKIM BCSIKHE TPYAHOCTA THIIA
($uzndecKoro OOBICHCHHS «KOPITYCKYISIPHO-BONTHOBOTO IyalHU3Ma,
KOTOPBIH, SKOOBI, CBOWCTBCHCH TONBKO SBICHUAM Mukpomupa. Ho
ecnu Obl OBLIO Cpa3y y4YTCHO, YTO IMOMEPCUYHBIX BOJH B CPEAax HE
MOYKET CYIIICCTBOBATE, TO U MOMCKH YBEHUAMCEH OBl YCIIEXOM PaHBbIIIC.

CyLIecTBYIOT eIIe Tak Ha3bIBACMBIC «TEMIICPATYPHBIC BOJHBIY.
Takue BOMHBI TMOSBIAIOTCS TOJNBKO B [eauu-3 W TOMABKO TPH
TeMmIeparypax, OmM3KHX K aOCOMIOTHOMY HYIIO, YK€ TpHU
temmeparype 2,70 K onu mcuesaror. OQHAKO 5TO O3HAYACT, YTO ITH
TEMITCPATYPHBIC BOIHBI» HE BOJIHBI, & KAKUE-TO APYTUE CTPYKTYPHI,
C KOTOPBIMH TOXKE JABHO MOpa pa3o0parthcsl.

Ceer, kak u nr000¢ (U3UYCCKOE SIBJICHHUE, HEC MOXKET OBITH
a0COMIOTHBIM STAIOHOM HH B OHOM H3 CBOHX CBOHCTB, B TOM YHCIIC B
CBOUX CIICKTPAJIbHBIX XapaKTCPUCTUKAX W B MPSMOTUHCHHOCTH
pacnpoctpaHeHus. Ha cBeT Oka3bIBarOT BIMSHUC BCE CYIICCTBYIOIINC
B MUPE Tea U (PU3UUCCKUE ABJICHUS, M BO3MOKHOCTD TIPCHEOPCIKCHIS
STHUMH BJIMSHASIMY 3aBUCHT OT TOTO, KAKOBBI YCIOBUS MOCTABICHHOM
3aMa4Yd U C KAKOW CTCICHBID TOYHOCTU ITY 3aJa4y HYKHO PCIIATh.
3apanee 1 11 BCEX CIYYaCB JKU3HU 3TO OMPEACTUTD HEb3l.

Kpome ToOro, HyKHO MOMHHTh, 4YTO JtO0OW (usuuecKuii
OKCIICPUMCHT CTABUT CBOCH ICIBI0 HAWTH 3aBUCHMOCTH OJHHX
(U3HUCCKUX BENWYMH OT JPYIUX, W BCETAA, KOHEYHO, YHCTO
MaTEMaTHUYCCKH, MOKHO apPTyMCHT M (DYHKIIMIO TIOMCHSATH MECTAMH,
YTO 03HAYACT TMOMCHATh MECTAMM TIPHUMHY U CJICJACTBHC, U HC BCCTa
3TO Aenactcs KOppekTHO. HykHO Tak:ke MMETh B BHAY, YTO JHOOOM
(hakT MOXKET TPAKTOBATHCS OCCUMCICHHBIM MHOKECTBOM CIIOCOOOB, U
BBIOOP TOM MM MHOMN TPAKTOBKH 3aBUCHUT OT MHOTHX (DaKTOPOB, 4acTO
HOCSIMUX CyObCKTUBHBIN U IPEAB3ATHIN XapakTep. Bee 310 oTHOCHTCS
U K CBCTOBBIM SIBJICHHUSIM.

UzsectHoe siBnenne «KpacHOro CMELICHHs» CIEKTPOB CBETa
JAJTCKUX TajJakTHK CEroAHs BceMu  (U3MKAMU  OXHO3HAYHO
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HUCTOJIKOBBIBACTCA KAaK CBUACTC/IIBCTBO PACIIUPCHUA IIPOCTPAHCTBA U
«pazberaHus» ralakTHK, YTO B CBOIO OUEPEIb «CBUACTECIBCTBYET» O
CYLISCTBOBAHMS «HAuYaga» U «POXKIACHUI» BcemeHHOW u3 HEkoel
CHHTYJSIPHOM» TOYKH, COCPEIOTOYHMBIICH B cebe BCIO Maccy
Oyayuicit BeeneHHOM, KoTopast BAPYT B30pBaiach U, TCM CaMbIM, Jana
Ha4aja0 POXKIACHUIO BCeaCHHOM.

Mexay Tem, 3TO K€ SBICHHE MOXET BIIOJIHE 3aKOHHO
HCTOIIKOBBIBATHCSI KaK TOTEPsl SHEpru ()OTOHAMHU CBETa NHPU HX
pacnpocTpaHEHMH B MHPOBOM  mpocTpaHcTse. Ha  Taxyro
BO3MOKHOCTh oOpamnan BauMmanue euie Jlx.Jlx.Tomcon. Mmenno
TAKOW TOYKU 3PCHHS MPHUICPKUBACTCS W aBTOP HACTOSIICH PaOOTHI.
Ho ecmm 310 meHCTBUTENBHO Tak, TO HH O KaKOM paCIIMPEHHH
MPOCTPAHCTBA, pa30eraHiy TajJakTHK U «Havane» BceneHHOW U peun
6I:ITI: HC MOXCET, HO TOraa M BCA KOCMOJOTHS 1 KOCMOTOHUA AOJIKHBI
CTPOUTHCA COBCEM ITO-APYTOMY, HE TaK, Kak ceflyac.

Yro kacaercs MPSIMOIMHEHHOCTH PACIPOCTPAHEHHUS CBETA, TO U
3/1eCh IMEET MECTO HEKOTOPOE HENOPA3yMEHHE.

OtkiioHeHue cBeta OT 3Be3q BOmu3u CoNHIA B COOTBETCTBUU C
TCOpHEH  OTHOCHTEIBHOCTH  JWHINTEHHA  TpPaKTyeTcs,  Kak
HCKpHUBJIEHNE mpocTpaHcTBa. Mexay TeM, nmo HeioToHy 3TO siBEeHNE
OOBSCHSIETCS KaK CICACTBUE IPABHTALIIOHHOTO MPHUTHKECHUS (DOTOHOB
mpu obaere ConHLA, a SKCIICPUMEHTHI, MPOBEACHHBIC HECKOIbKUMU
HCCIIEZIOBATENSIMHA B LIENAX YCTAaHOBJIEHHMS HCTHHBI, HA CAMOM Jeie
HUKaK HE NOATBEPAWIN SMHINTEHHOBCKYIO TEOPHUIO, HECMOTPS Ha BCE
YBEPEHNS aBTOPOB. PE3yIbTATHl IKCHEPUMEHTOB OKa3alMCh Iropasno
6J'II/I>K€ K HBIOTOHOBCKHUM, MHOTHEC (baKTOpLI , BIWAIOINHUC Ha
pe3ynbTaThl, YYTEHBI HE ObLIM, 0OpaboTka K€ Pe3yNbTaTOB BENach
TakK, 4YTO OPsIMO HaAaBOAUT HA MBIC/IIb O MOATACOBKC AAHHBIX B LICIAX
COOTBCTCTBUU TCOPHUU OTHOCUTCIIPHOCTHU. Ha camom ACJI€, HU O KaKOM
KUCKPUBJICHUU TPOCTPAHCTBA> BOO6H.[€ HUTAC U HUKOraga HE MOXKET
UATH W PEYM, MOCKONBKY MHPOCTPAHCTBO — 3TO OOINAas KaTeropws,
KOTOpad HC MOXCT 3aBUCCTh HU OT KAKOro 4acTHOIrO SABJICHHA, B
YKa3aHHOM 3KCIICPUMCHTC PCUb MOXKCT UATU TOJIBKO 06 HUCKPUBJICHUN
Jyda CBCTa TIIOQ BO3ﬂCﬁCTBHCM TpaBUTAIUOHHOTO TMIPUTSKCHUA
ConHua.
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Takum 00pa3oMm, K HEKOTOPBIM aCIEKTaM COBPEMEHHOM
TeopeTrdecKoi ((pU3MUecKoi) ONTHUKH HEOOXOAMMO BEPHYTHCS B
LETIX, MPEKAC BCErO, YCTAHOBICHUS (PU3HMUCCKOM CYIMHOCTH CaMOTr0
CBETA, a TAKXKE BCEX M3BECTHBIX CBETOBBIX SIBICHUI M IMEpecMOTpa
TPAKTOBKH PE3YIbTATOB HEKOTOPBIX IKCIEPUMEHTOB. OT 3TOr0 MOXKET
CYILECTBEHHO 3aBUCETh HE TOIBKO PA3BUTHE CAMOM ONTHKH, HO U Psiaa
JApyrux  obmgacTeil  ©CTECTBO3HAHMS,  KOTOPBIC  HCIONB3YIOT
MPEICTABJICHHS O CYLHOCTH CBETOBBIX SIBJICHUH.
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maBa 1. UcTopua oTKpbITUS ONTUYECKNX
ABIEHUN

... HptoToH oT/1aBan 1pe ioureHre KOPITYCKYIISIPHOM TEOpUH CBeTa,
CUMTAS €ro TIOTOKOM YacTHIl. ... 'Folire€HC Tomarai, 4To CBETOBOE

BO30YXKJICHHE ECTh MMITYIIbCHI YIIPYIHX KolleOaHuit 3¢upa.
A.M.Bonu-Bpyesuu [1]

1.1. KpaTkast uctopumsi ontTmku

Ontrka — oJHAa W3 JAPEBHCHIINX HAyK, TECHO CBS3aHHAs C
MOTPEOHOCTSIMU TPAKTHKH HA BCEX STamax CBOETO Pa3BUTHSL.
[IpsiMomuHEHHOCT pacmpocTpaHeHHs cBeTa OblIa M3BECTHA HE MCHEE
YeM 3a 5 ThIC. JIET 40 H. 3. ¥ ucnons3osaiack B Jlpesrem Erunrte npu
cTpoutenbHBIX paborax. Hanm cymectBom onThdeckux —sIBICHHN
Pa3MBILLISUTI Apucrorers, IlnaroH, Esxmun, Ilromemei.
CyiecTBeHHBIN BKIIAJ B Pa3BUTHC ONITUKY BHEC apaOckuii yueHsbiin Xl
cronetuss MI6H amp-Xaiicam [2, 3]. TouHble 3aKOHBI MPETOMICHHUS
ycranosieHsl B 1620r. Cnenmnycom u [exaprom [3, 4]; audpakis
u unTepdepenuns ceera OTKpeITH [ pumansan (myOmukarms 1665),
JBOWHOE Jy4YenpenoMacHue  OTKpoiTo  bapramaeim  (1669).
HanpHelimee pa3BUTHE ONTUKU CBsi3aHO ¢ uMeHamu HetotoHa, ['yka n
Iroiirenca [5—7].

IlepBbic BEHICKA3bIBaHHSI O TNPHUPOAE CBETA OBIIM  CACTAHBI
apeBHuUME rpekamu u erunrsHuHamu [[omxaes H.M. Onruxa. M.:
«Beicmas mxoma», 1977]. CormacHo OmXHOW M3 3THUX TCOPHid, CBET,
MOJOOHO TEYCHHUIO BOABI U3 TPYObI, BBIXOAMT M3 TJa3 4YEIOBECKA,
Omaromaps 4eMy MBI U BUIUM OKPYKArOIIUH MUD.

Cornacuo ITudaropy (450 ner mo H.3.), Teaa CTaHOBATCA
BHIVMBIMU Onarojaps MOMaJaHuI0 B Tla3 YacTUL, BBIJICTAOIIUX H3
tea. Jtu yactuusl Jdemokpur (460-370met 10 H.3.) Ha3BaT aTOMaMH.
ITonoOHBIE OOragkd  OTHOCHTENBPHO  HPUPOABI  CBETA  IOBLIH
ompoBeprHyThl  Apucrtorenem. CormacHo ApHCTOTENIO,  CBET,
MepeNaBasCh Yepe3 MOCPEACTBO MPO3PAUYHON CPEIbI, PACIOI0KEHHOM
MEKAY OOBEKTAaMH U Ta30M, BBI3BIBACT 3PUTCIBHOEC AcicTBHE. JTa
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uaes Apucrorens kak Obl MOJIOXKHIA HAYATIO O CBETOHOCHOU cpeae —
s¢upe.

B 17 B. Kenep BrIcKa3ana cBoe MpeanoIoKEHUE OTHOCHTEIBHO
mpuponsl  cBera. CormacHo Kemepy, cBer mpeacraBmser coOoit
YaCTULBI, H3MydacMbIC BELIECTBOM — HCTOuHUKOM. OH cumTan
pacnpocTpaHEHUE CBETA MIHOBEHHBIM IPOLIECCOM.

ITocnenoBarenpHas Teopus O MPHUPOAE CBETa Obla BBIIBUHYTA
HerororoM.

Ha Boz3penusx M.HerotoHa crieayer oCTaHOBHUTHCS MOAPOOHEE,
nbo nmenno HeroroH ymenmun mpoOneme ycTpoiictBa 3¢dupa u ero
PO B ONTHYCCKHUX SBJICHUAX BeChbMa Oojpuioc BHUMaHue [8].
N.HpoTOH YCTaHOBHI CICAYIOIINE HE3ABUCHMBIC <W3HAYATBHBIC»
CBOICTBA CBETOBBIX Jy4eM. IPSIMOIUHEHHOCTh, IOJYMHEHHOCTb
3aKOHAM  OTPaXCHUS M  TPEIOMIICHHS, CKOPOCTb, ILIBETOBYIO
HEU3MEHHOCTD IPOCTOrO CBETA, €ro MEPHOANTHOCTD (<IIOMEPEMCHHBIC
OPUCTYIIBL  JICTKOTO ~ OTPAXKCHUS ©  JICTKOrO  MPETOMIICHHS),
nossipuzato u audpaximro. Takoe oOnIHe «IPUHIHIIOB» 00paInano
ONTUKY B TPOMO3IKYIO0, TPYAHO YCBOSIEMYIO U HCHOHATHYIO HAYKY.
OrcyTcrBOBan OOIIMiT MPHHLMAII, W3 KOTOPOTrO BHITCKAIU ObI BCE
HaWJICHHBIC N3HAYAJIBHBIC CBOMCTBA CBCTA.

HeroTOH gomyckan BO3MOMKHOCTD BOJHOBOH HHTEPHPETALIUU
CBETOBBIX SIBJICHUI, HO OTIOaBal MNPEANOYTCHHE KOPIIYCKYISIPHOI
KOHLICITLIMH, CYUTAsl CBET MOTOKOM YaCTHUL, ACHCTBYIOIIUX Ha 3up U
BBI3BIBAIOIINX B HEM KomeOaHus. TpyAHOCTH, BO3ZHUKABIIHC B
BOITHOBOW TEOPHHM MPH TMOMNBITKAX OOBSCHUTH MPSIMOIMHEIHOE
pacnpocTpaHEHHUE CBETA H SIBICHUE MOMIPH3aLny, kazamuch HeroToRy
HACTOITBKO  CCPBbE3HBIMH,  YTO  NOOYIWIM €0  Pa3BHTh
KOPIYCKYISIPHYIO TCOPHIO (MM TEOPUIO HCTCUCHUS), COTIACHO
KOTOPOH CBET PACHpPOCTPAHSCTCS OT H3MYYAIOLWIEro TEna B BHIC
METBYANIINX YACTHII.

BriepBhie MOHATHE O MOMSPU3ALUM CBETA OBIJIO BBEACHO B ONTHKY
Heroronom B 1704-1706r1r., XOTS SIBICHUS, OOYCIOBICHHBIC CIO,
U3yYaqnch U paHee (OTKPBITHEC JBOWHOTO JIYyYCTIPEIOMIICHHUS B
kpucrtamnax OJ.baprommHom B 1669 r. m ero TeopeTHYECKOE
paccmotpenne X.Iroitrencom B 1678-1690rr.). Iomspusamust mo
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HeloToHy — «i3HawanpHOE» CBOWCTBO CBETa, OOBSICHIEMOE
OTNIPEICICHHON OpHEHTAIMCH CBETOBBIX YACTHI MO OTHOLICHHIO K
o0pazyeMoMy UMH JIy4y.

I'umoteza >¢upa mosiesiercss y HeroToHa Boepesie B 1672 1. B
OTBCTC Ha TMoJIeMUYccKkue 3amcuaHusa ['yka Ha «Teopuio cBera u
useroB HeroToHa». CpaBHHBasI SMUCCHOHHYIO H BOJTHOBYIO THIIOTE3bI
ceera, Heroron mumer: «KomebaHus 3upa oIuHAKOBO MONE3HBI U
HY>HBI U B TOH, U B Opyrod, WOO €CIH MBI IPHUMEM, YTO CBETOBBIC
JAY49d COCTOSAT M3 MAJICHBKHX YACTHL, BBIOPACBIBACMBIX IO BCEM
HATNPABICHISIM CBETSIIOHUMCS TEIOM, TO 3TH YAaCTHLpI, Momajgas Ha
MPETOMILIIOIINE HITH OTPRKAOLIHE IOBEPXHOCTH, TOKHBI BO3OYAUTH
B 3¢upe kojaebaHUs CTOIb KE HEU30SIKHO, KaK KaMCHb, OPOLICHHBIH B
Boxy». OgHaKo 310 TpeOoBao MOSICHEHNUS CBOMCTB 3¢upa.

Heroron nuurer (Memyapsr 1675r.):

«[Ipeanonaraercs, 4YTO CyIIECTBYCT Hekas >QupHas cpera, BO
MHOTOM HMEIOLIAsl TO K€ CTPOCHHUE, YTO U BO3AYX, HO 3HAYUTEIHHO
Oonee paspekeHHAs, TOHKas MW yopyras. ...Hemp3s1, oanaxo,
MpeAnonarath, 4To 3Ta Cpela €CTh OJHOOOpa3Has Marepus. OHa
CKJIaJBIBACTCS YACTHEO M3 OCHOBHOTO, KOCHOTO Tela 3(upa, 4acTeio u3
Jpyrux 3(UPHBIX COIMPUTYCOB, BO MHOTOM HOJAOOHO TOMY, KaK BO3AYX
claraercsi U3 KOCHOTO Tella BO3AYyXa, MEPEMEIIAHHOTO C Pa3IuIHbIMU
nmapaMy WM BBLABIXaHUSAMHU. B mome3y Takoll pasHOPOAHOCTH, MO-
BHIVIMOMY, TOBOPST 3IACTHUCCKIEC U MATHUTHBIC UCTCUCHUS M HAYAIIO
TATOTCHUSY.

«$l mpeanonararo, —mmmer Hel0TOH, —9TO, YAAPSICH O JKECTKYIO
COMPOTHBIIOIIYIOCS 3(QUPHYIO MOBEPXHOCTh (HA TpaHMLEC CPex —
B.A.), ny4u... BHI3BIBAIOT KONEOAHHMsS HA MOBCPXHOCTU. ITH
KoNeOaHUsl PACHPOCTPAHSIOTCS BO BCE CTOPOHBI KaK B Pa3perKCHHOMU,
Tak U B IUIOTHOH cpeae. Kak konebGanus Bo3ayxa, HMpOU3BOISIIKC
3BYK, OHH POXKIAIOTCS OT YAapa U CHIIBHEE BCETO MPOJOIDKAIOTCS TaM,
rI¢ HAYaJIHCh, MOMEPEMEHHO CXKUMAS M paciuupsisi SQup B yKa3zaHHOU
(uznueckoll MOBEPXHOCTH, OO M3 TEmia, MPOU3BOIUMOrO CBETOM B
TEmax, SIBCTBYET, YTO CBET MOXKET NPUBECTH YACTHIBI Telaa B
JBIDKCHHE M TeM 0OJee MOXKET HArPETh W NMPHUBECTH B JBMKCHHE
6osiee HexHbIN 3¢up. boree BeposTHO, UTO CBET COOOMIACT ABUKCHUC
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I‘py6I:IM qactTugaM TEjla HC HCIOCPCACTBCHHO, a MNMOCPCACTBOM

s¢upa».
«Ecnu nyu ymapsieTcss 0 CpeAy BO BpeMst OOBIIOTO CXKATHS, —
paccyxxaaer HproToH, — To, mpeamonararo s, HOBEPXHOCTb TOTJAA

CIMIIKOM TIOTHA U KECTKA, YTOOBI MPOMMYCTHUThH JIyd, OHA OTPa’KacT
ero. Ho nyuw, yaapsromuecss 0 MOBEPXHOCTh B APYroe BpeMs, Koraa
OHA PACIHIMPCHA B MPOMEKYTKE MEKIY ABYMS KOJICOAHHUSIMH, UIH HE
CIIMIIKOM CKaTa M CTYIICHA, MPOXOAIT HACKBO3b U MPEIOMIISTIOTCSIY.

HeroroH  00OBsICHsI€T  1BETa  TOHKHUX  IUIACTHHOK |
UHTCP(EPCHIIMOHHBIC KOJbLIA TeM, YrOo OJ(QUPHBIE KOJICOAHUS
pacmpocTpaHsIOTCs ObICTpee, YeM CBET, uxX Bbi3BaBuIuil. «Ipu Takom
MPEANOIOXKCHUM, — MHIICT OH, — MPU MAJACHUU CBETA HA TOHKYIO
IJICHKY WM IUTACTHHKY KaKOro-HUOYIb MPO3PAvyHOrO TEa BOJIHBI,
BO30Y)KICHHBEIC NMPOXOXKICHUEM CBETA 4Epe3 MEPBYIO MOBEPXHOCTS,
oOronstfoT ayun oxuH 3a Apyrum. Koraa myd modiaer Ao BTOpOit
MMOBEPXHOCTH, TO BOJHBI 3aCTaBAT €ro TaM OTPA3UTBCS WK
MPEIOMUTHCSI COOTBETCTBCHHO TOMY, KaKasl 4acTh BOJHBI OOTOHSET
TaM JIy4, CTYIICHHAS HITH Pa3PSIKSHHASY..»

Opnako B ganbHeiitneM HplOTOH (akTHYECKM OTKA3aICs OT
MOMBITOK OOBSICHEHUS! OMHMCAHHUS ONTUYCCKUX SIBICHUM C MOMOLIBIO
a¢upa. Eciu B mepsom  m3manmn «Onruxm» (1704r.) adup mpocrto
3amamyuBaeTcs, T0 B u3nanuu 1706roga oH pe3ko OTPHUIACTC.

I'toiirenc, cnenys uaesm Jleonapao qa Bunau u pazsusast paboTs
I'punanpmu u I'yka, WCXOAMA ©3 aHANOTUM MEXKAY MHOTUMU
AKyCTHUYCCKUMH H ONTUYCCKuMH siBicHusMu. OH momarai, d9To
CBETOBOC BO30YKICHHE €CTh UMITYJILCHI YIIPYTUX KonebaHuii a¢upa.

Tepmun «monstpuszarmst cBera» Obia1 mpeaioken B 1808 r.
Imamocom. C ero umenem u ¢ umenamu JK.buo, O. ®penemns,
H.Aparo, Jl.bprocrepa u gpyrux CBSI3aHO Ha4yano LIMPOKOTO
uccnegoBannst 3(P(PEeKToB, B OCHOBE KOTOPBIX JICKHUT MONSIPU3ALIUS
ceera. CyInecTBEeHHOE 3HAUCHME TSl TIOHUMAHUS MOSIPU3ALHH CBETA
uMeno ee mpossieHue B 3¢ dekre narepdepenuun ceera. IMeHHO TOT
(dakt, YTO JBa CBETOBBIX JIy4Yad, JHHCHHO MOJSPU30BAHHBIX, O]
OPSIMBIM ~ YVIJIOM JAPYT K JPYry HE HUHTCPHEPUPYIOT, SBHICS
peLIAOIUM  JOKa3aTeIbCTBOM  MOIMEPEYHOCTH  CBETOBBIX  BOJIH.
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PaGotsr FOnra, ®penens u Aparo (1816—1819% stom HampaBieHUN
OIpeenuIn Nodeay BOTHOBOU TCOPHUH.

Tem Bpemenem B padorax I1.C.Jlarmmaca u X.b.buo passusanace
Janee KOPHYCKyJIspHas Teopus. Ee CTOPOHHHMKH —MpeITOKUIH
cunTaTh OOBSCHEHWE SBICHHS AUQPAKIMUA JOCTOHHBIM TPEMHH,
yupexnaeHHoii Ha 1818 r. Ilapmwxckoit Axamemmedn nayk. Ho sta
npemust Obina mpucyxacHa A.JK.dpenento, nccnenoBanus KOTOPOro
OCHOBBIBAIUCH HA BOJTHOBOI TCOPHH.

B stoMm ke rony @peHenp 3aHsNCA BechbMa BaXKHOH mpoOnemoit
BIISIHUSL [JBWDKCHHS 3E€MIIM Ha paCHpOCTpaHCHHE cBeta. Aparo
9KCIICPUMCHTAIPHO OOHAPYKWJI, 4YTO, MOMHUMO abeppanuu, HET
pasnuyMs MEXIY CBETOM OT 3BE3J M CBETOM OT 3EMHBIX UCTOYHHKOB.
Ha ocHoBanum 3tux HaOmogcHuit ®peHenp co3mgan TEOPHUIO O
YaCTUYHOM VBJICUCHHH CBETOBOTO 3(Hpa ABMKYIIUMHUCS TEIaMH,
KoTopast Obuta moxaTBepkacHa B 1851 r. mpsMbeIMH HM3MEPEHUSIMHU
AN.JL.®u3zo0. Bmecte ¢ Aparo ®@penens ucciieqoBan UHTSPHEPEHIUIO
MOJSIPU30BAHHBIX ~ JIyded cBeTa M OOHApyXuja, 4YTO JIy4H,
MOJSIPU30BAHHBIC BO B3aUMHO TEPICHIUKYISIPHBIX IUIOCKOCTIX,
HUKOTAa He UHTEpPepupyroT. ITOT (aKT HEMb3s OBLIO COrNAcOBATh C
OOIIECNPUHATHIM TOTAA MPEIIONIOKEHHEM O MPOXOIBHOCTH CBETOBBIX
BoiH. fOHT, y3HaBIMit 00 3TOM OTKPHITHH OT Aparo, Hallen pa3raiky
BO3HHKILECTO MPOTHBOPEUHS, IPEAMOIOKUB, YTO CBETOBBIC KOICOAHNS
TOTICPCYHBI.

[Monsgpusanmst  ceera  Hama  OOBSICHEHME B TpyZAax
Jx.Maxkcsenma. Jlx.MakcBemioM mOKa3aHO, YTO CBET MPEACTABIICT
co0oii He ynpyrue koneOaHus, a MEKTPOMArHUTHbIC BOMHEL. Jlpyae,
I'enpmroneuem u JlopeHLeM MpH MOCTPOCHHM 3NEKTPOHHOW TEOPUHU
BelecTBa OBLIM  OOBCAMHEHBI HMOEH 00 OCHWLIATOpPaX H
anekTpomMarHutHas Teopust ceera [9-11]. B 3to ke Bpems psmom
uccrnenoBarencii OblIM MPEANPUHATHL  Pa3HOOOpa3Hbie W BEChMa
MHOTOYUCIICHHBIC TIONMBITKA OOBSICHEHUSI ONTHYECKUX 3(PEKTOB
MyTEeM KOHCTPYHPOBaHUs Ha 0a3e MPENON0KEHHH O CYLICCTBOBAHUN
B MPHPOAE MUPOBOI cpeasl —3(upa, OJHAKO ITH MOMBITKU B CPEIHEM
VCIIEXOM HE YBCHYAIUCH. OOBSICHSS OTHH SIBICHHS, BCC TCOPHH,



244 I'nasa 1.

MOJICTM M THIOTE3bl 3(Hpa HATAKUBAMUCH B APYTUX SBICHUAX Ha
HEMPEOAOIUMBIC POTHBOPCHUHS.

UccnenoBanus ONTHYECKUX SIBICHUA MPOJODKAINCH H B
panpHeimeM. A.I.CroneroB B 1888-1890 rr. oOHapyxun
doroapdexr [12], KOTOpBII  BHOCACACTBHM OBIT  OOBICHCH
OuiHmTeiiHOM Ha ocHOBe (hoToHHBIX mpenctasicHuil. [1.H.JIeGeaes B
1899 r. orkpein gasnenue ceera [13]. Passutme omrukum B XX
CTOJIETUUA TECHO CBSI3aHO C KBAHTOBOM MEXAaHUKOM U KBAaHTOBOU
anekrpoanHamukonn  [14-17]. W xorst ¢usmyeckas CyIIHOCTb
ONTUYCCKUX SIBICHUH Tak M HE MONy4YWIa YIOBICTBOPUTECIBHOTO
OOBSICHCHHS, OBLJIO PEIICHO, YTO OOBSCHCHHUE ONTHYCCKUX SIBICHUUN
V)K€ HE HYXZAeTcs B THIOTE3¢ CylecTBoBaHUs 3¢dupa, dUTO
JOCTATOYHO MATEMATHYCCKUX 3aKOHOB, OMFCHIBAIOIIUX 3TU SIBJICHHUS.

Boppba Mexay KOPIyCKY/SIDHOW U BOJTHOBOW KOHICHLIMCH
mpoaosokaiack U B 20-m croneruu. IlosBieHHE KBAaHTOBOW MEXaHUKU
paspelinio  CYIISCTBOBABIIYID  TOrAa  MpobOiaeMy — HM3TydYCHUs
abCOMIOTHO YEPHOTO TENa MyTeM BBEACHUS IMOCTYJIAaTa O JUCKPETHOM
W3IYYCHUH SHEPTUH, MOPLUUM KOTOPOH OBLIH ONpEICTICHBl Kak
(OTOHBI. OHeprus ¢$oToHOB ObLna ITOCTYITNPOBAHA
HPONOPLIMOHAJIBHOM YaCTOTE U3IY4YECHUsI B IIEPBOI CTEIEHH, T.€. KaK

E =ho,

rie h — mnocrosuHas Ilmanka. B 1924 r. I'yu gme bpoiins
chopMyTHUpOBaI MHOCTYJaT O KOPIYCKY/ISPHO-BOJHOBOM IyallU3Me
CBETA, B COOTBETCTBUU C KOTOPBIM HE TOJIBKO CBET, HO U JIF00ast Macca
001aaeT U KOPIYCKYISIPHBIMU, ¥ BOJTHOBBIMH CBOMCTBAMH, MPUYCM,
ueM OOJTBIIIC Macca, TEM KOpOoUe BOJHA U Bhilie Yactora. HecMmoTps Ha
[OJTHOC HCMOHUMAHHE (U3MYCCKOH CYIMHOCTH 3TOrO, Takas
MOCTAHOBKA IOKAa3ajach YIOBJIETBOPUTEIbHON, M OHAa B HACTOSILIEE
BPEMsI CUMTAETCSI OAHOM M3 OCHOB KBAHTOBOW MEXAHUKH.

Ha camom gene  KOpPIyCKY/ISPHO-BOJHOBBIM  CBOHCTBAMHU
001afaroT MHOTHE SIBJICHHS B Makpomupe. Hampumep, BoaHa kadaet
JOJKY, €CITU pa3MeEphl JOAKMA MEHbIIE JJIMHBI BOJIHBI, HO Ta K€ BOJIHA



Hcropust OTKPBITHS ONTHYCCKHUX ABJICHUIT 245

Ober 0 OopT KOpab/s Kak YaCTHIBI, €CIU JMHA Kopadsst Oosbiie
JmuHbl BOJTHBL. CYINECTBYIOT U APYTUE MPUMEPBI.

B Hacrosmmee Bpems ONTHKY NPUHITO MOAPA3ACTIATh Ha
TEOMETPUIECKYIO, (PH3HUecKyIO U (PU3HOTOTHIECKYIO.

T'eomempuueckas onmuka OCTaBISIET B CTOPOHE BOIPOC O
OpUpoAe CBETA, HCXOAWT U3 OMIOHMPHYCCKUX  3aKOHOB  €ro
PacIpOCTpaHEHHsT M HCIOIb3YET MPEACTABICHUS O CBETOBBIX JIy4aX,
MPETOMITSTFOIIUXCST M OTPAYKAIOIIMXCS HA TPAHULAX CPEA C Pa3HBIMH
ONTHYCCKUMH  CBOMCTBAMU M NPSMONUHCHHBIX B  ONTHYCCKU
oaHOpOAHBIX cpeaax. Ee 3amada — maTeMaTHdecku MCCICAOBATh X0
CBETOBBIX JIYYCil B CPEAC C W3BECTHOI 3aBUCHMOCTBIO IOKA3aTeIIs
NPETOMIICHHST CPEABl OT KOOPAMHAT JHOO, HAMpPOTHB, HaHTH
ONTHYECKUE CBOMCTBA M (hOPMY MPO3PAYHBIX W OTPAKAOIMHX CPEX,
IpPU KOTOPBIX JIYYH MPOXOJAT MO 33AaHHOMY IMyTH. 34ECh HUKAKUX
NPUHLUIHATBHBIX 3aMCUaHHUI HETIO

Qusuyeckas onmuxa PaccMaTPUBACT MPOOICMBI, CBS3aHHBIC C
NPUPOJOIl CBETa M CBETOBBIX siBJcHHA. OHA YTBEPXKAACT, YTO CBET
€CTh TOMEPEYHBIC SJICKTPOMATHUTHBIC BOJHBI, XOTS NPUPOJA ITHUX
BOJH CHO HE paccMmarpuBactcs. Ee pas3menom sBISETCs BOIHOBAS
OITHKA, MATCMATHYCCKUM OCHOBAHHEM KOTOPOW SIBJSIFOTCS OOIIme

VpaBHEHHS  KIACCHYECKOH  JJIEKTPOAMHAMHUKH —  YPaBHEHHA
Makcsenna. CpoiicTBa cpempl NPH  3TOM  XapaKTEPHU3YIOTCS
MaKpPOCKOIMYECKUMHU MaTepHaTbHBIMU KOHCTaHTaMHU -

I[HC‘)HCKTPH‘IGCKOﬁ U MarHUTHOU DPOHULACMOCTIMU, KOTOPBIC 1
OIPEACIIAIOT MOKA3aTeNb IpenoMIcHus cpeal N = ey,  Daxru-
YCCKU 3TO Ta KC TCOMCTPUUCCKASA OITUKA, HO 3ACCh BO3HHUKACT
mpobiieMa O (U3UYCCKON CYIIHOCTH CBETA, U HA 3TOT BOIIPOC OTBETA
KakK He ObL10, TaK U HET.

Qu3suonoeuyeckass onmuxka, CMBIKAOMascs ¢ OWMOGUIUKONH U
MICUXOJIOTUEH, UCCIIEYCT 3PUTCIBHBIN aHAIN3ATOP OT Tjas3a J0 KO
rOJIOBHOr0O MoO3ra U MCXaHU3MbI 3PCHUS. 3I[CCI: TAKXKC HCT HUKAKHUX
OTBCTOB HA BOIIPOCHI O BSaHMOI[CfICTBHH CBCTa U BOCIPUHUMAIOIIIUX
CBET PCIETITOPOB.
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Hecmotps Ha mepedncieHHble HEAOCTATKH, BCE Pa3ieibl ONTHKH
MOAYYMIM  IOUPOKOE  mpaktuueckoe  mpuMeHeHue.  Co3maHbl
MHOTOYHMCIICHHBIE ~ HCTOYHHMKH  OCBEIIEHHUS, OCHOBAaHHBIE  Ha
Pa3IHYHBIX JOCTIDKCHUSX (PU3HKH, HAYKA CBETOTEXHHKH YUUTHIBACT
3aKOHBI ONTHKH W  (Qusnonoru. ONTHYECKUE CHEKTPATbHBIC
HCCIICIOBAHMS TO3BONIMIM BO MHOTOM pa3odpaThCs CO CTPOCHHEM
BemectBa. Co3gaHBl MHOTOYMCIICHHBIC ONTHYCCKUC HPUOOPHI AT
CaMBIX pa3TYHBIX LeJIcH, Ha4YWHASA oT HUCCIICJOBAHUI
MHKpPOCKOIIMYECKAX OpPTaHM3MOB M CTPOEHHS BEIECTBa 10
uccnenosanus Beenennoit. Takum 06pa3oM, JOCTHIKCHUST ONITUKA KaK
HayKH OrpOMHBI. M TIpr BceM 3TOM CYIMHOCTh ONTHYECKUX SIBJICHUN H
CaMoro 3JEMCHTAPHOTO HOCUTENs cBeTa — (DOTOHA MO-MPEKHEMY
OCTaeTCS HEU3BECTHOM. ..

Hecmotps Ha TO, 4YTO ONTHKA WMEET JABHIOID HCTOPHIO, a
IONBITKA ~ NPUMEHEHUS MAaTEMaTHYECKOrO  ammapara  JJIeKTpo-
JUHAMUKA Ha4aluCh Cpa3y »Ke MOCie omyOnukoBaHus MakcBeaioM
CBOUX 3HAMECHHUTHIX YPABHCHUH, JOCTATOYHO OBICTPO OOHAPYKUIOCh U
HEKOTOPOE HECOOTBETCTBUE PaCIpOCTPaHEHUs (OTOHA 3aKOHAM
Makxkcgemnna.

B cBomx paborax MakcBenn mokazam, dYTO  CKOPOCTb
pacnpocTpaHeHus SJICKTPOMATHUTHBIX KONEOaHUH U CBETa OJHA U Ta
K€ M COCTaBIISIET!

1
C= —
\/ &olo-

TAC & W Mo COOTBCTCTBCHHO MAMDICKTPUYCCKAS ¥ MarHUTHAS
TIPOHUIIACMOCTH BaKyyMa.

MMeHHO HAa STOM  OCHOBAaHMHM BCEMH  IOCICIYIOLINMU
HCCACAOBATCISIMHU CIACTAH BBEIBOA O TOM, YTO CBCT M PAIANO BOJHBI
MPEACTABNISIOT COOOH OJHO M TO K€ M OTAHYAKOTCA TOJBKO
JUAMa30HOM YacTOT, TaK YTO CBET BK/IIOYCH B CAUHYIO TaOIUIYy
YACTOT 3JICKTPOMArHUTHBIX KOJCOAHUI
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Hecmotps Ha TO YTO ONTHKA HMEET JABHIOID HCTOPHIO, a
TTOTIBITKA MIPUMEHEHM MaTEMaTHYECKOTO ammapata
SJCKTPOAMHAMUKH HAYalMCh Cpa3y >JKe TIOCNIE OIMyONHKOBaHHUS
MakcBemioM CBOMX 3HAMCHUTHIX YPaBHCHHH, JOCTATOYHO OBICTPO
OOHApPYXHUIIOCH M HEKOTOPOE HECOOTBETCTBHE PaCHpPOCTPAHCHUS
¢orona 3akonam Makcsemna. Jlemo B TOM, YTO 3aTyXaHHE CBETA B
HOIYIPOBOAAINCH cpeae (MOPCKOH BOJE) OKa3aaoch IOTHOCTBIO HE
COOTBETCTBYIOIIUM 3aKOHY 3aTyXaHUs IJIOCKOH 3J1€KTPOMArHUTHOMU
BOJIHBI B TAKOU CpeJeE.

Kak wm3BecTHO, mitockas 3MEKTPOMArHUTHAS BOJHA 3aTyXaeT B
ITOTYTIPOBOMSINEH CpEne B COOTBETCTBHH € 3aKOHOM MakcBenia kak:

Moo
— 1
2

H=H,e (1.1)

3nece H, — HAMPSDKEHHOCTh MATHUTHOTO IMOJISE HA MOBEPXHOCTH
pazgena cpex, HampHMEp Ha TIOBEPXHOCTH MOPCKOW BOIBI; MU -
OTHOCUTCAbHAS MArHUTHAS TMPOHHUIIACMOCTH  CPCIHI; o -
MPOBOAMMOCTE cpeabl; @ = 2uf, f - wacrora smexTpoOMarHUTHOMN
BOJIHBI; I —pacCTOSHUE OT MOBEPXHOCTH pa3zena Cpea.

IIpakTrka OOHApyKMBaeT MOIHOE MOATBEPIKICHUE VKa3aHHOMN
(dopMysBl  3aTYXaHUIO IUIOCKOW PaIMOBONHBI B MOPCKOW Cpeae
MOJIHOE PACXOXKACHUE €€ C 3aTYXaHUEM CBETA B MPO3PAYHON MOPCKOU
Bozc. [Ipu mpoBogmMOCTH MOPCKOM BOABI 10m Y M Ha wacTore 1
MIII TpakTHYECKM TONHOC 3aTyXaHHC SICKTPOMATHUTHON BOJIHBI
MMPOUCXOIUT Ha rIyOMHE B M. Y UHUTHIBAs, YTO

ryra = \/(W (1.2)

M 4TO JUTSL 3€IEHOTO CBETA JUTMHA BOMHBI cocTasiseT 5,610 M, uro
4 o

COOTBETCTBYCT HACTOTC 5.1¢ I'm, momywaem mas pacueTHOU IO

MakcBemny riryOuHY MPOHUKHOBSHHS CBETA B MOPCKYO BOAY KakK.
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r,=r N (10710 =104

U, TAKUM 00pa3oM, CBET JOJLKEH Obl MPOHUKATH HA IIyOuHY HE Oosee
uem 3-10%m = 0,3 . BMecTo 3TOro, CBET MPOHMKACT Ha TTyOHHY
mopsimka  150-200 m. Takum oOpaszoM, pacXxoKOCHHE TEOPHU C
npakTuKoi 3aech cocrasisieT S00TsIC. pas!

Teopust OOBSCHSET 3TO TEM, YTO MOPCKasl BOJA HA TAKHX YACTOTaX
TEPSICT CBOKO MPOBOAMMOCTh, MPHUYHHBI 4Yero He oObscHsrorcs. Ha
caMOM Jelle 3TO JJIEMCHTAPHO OOBICHSACTCS TEM, 4YTO CTPYKTypa
(¢oToHa HM B KOG MeEpE HE COOTBETCTBYET CTPYKTYpPE ILTOCKOH
PaauOBOIHBI M B YKAa3aHHBIX pacyeTaxX IMOTHOCTHIO HCKIIOUCHBI IBa
BOKHCHIINX MOMEHTa — MPONOPLUOHANPHOCTh JHEPruu (OTOHA
o0LIeMy YUCITy BUXPEH, 00pa3yrouux (GOTOH, U BHYTPCHHSS SHCPTHUs
Ka)XI0r0 BUXPs POTOHA.

JTO O3HAYaeT, YTO CBET W SJCKTPOMATHUTHBIC BOJIHBI — 3TO
Ka4EeCTBCHHO pasHbIc (PM3MYCCKUC SIBICHUS, M HENb3sl HA OCHOBAHHU
OJHHAKOBOCTH TONBKO OJHOTO MPH3HAKA — CKOPOCTH — ACTaTh BHIBOJ
00 UX TOXKIECTBE.

Takum 00pa3oM, HCCICAOBaHMS B YacTU BBISCHEHHS HPUPOIBI
cBeTa HEOOXOJUMO MPOAOIKATS.

1.2. UcTopus uamepeHnsi CKOpocTu ceeTa

ITepByro MOMBITKY ONPEACTUTh CKOPOCTh CBETA MYTEM HU3MCPCHUS
BPEMCHU TMPOXOKIACHHUS CBETAa MOKIY [ABYMSI IMYHKTaAMH CACTIAI
Iamaneii. OH mocTaBu ABYX 4YeIOBEK ¢ (OHAPSIMU, M 3TH ONICPATOPEI
JOJDKHBI OBITM OTKPBIBATh U 3aKPHIBATh (OHAPH JAJAOHBIO B MOMCHT
mony4ueHus curdana. OmbeIT HE YAANCS B CBSI3U C HECOM3MEPHUMOCTHIO
M3MEPSICMBIX ~ MPOMEKYTKOB BPEMCHH M BPEMCHEM  PEaKIUU
OIEpPaToOpPOB.

B XVII Beke mombiTka M3MEPUTH CKOPOCTh CBETA YBCHUAIACH
ycnexom. B 1675r. momogoii gatuanuH Pemep 3aMeTwii, 4TO TCHb
onHOM n3 ayH HOmuTepa neproanyecku MoSIBIISIaCh HA TOBEPXHOCTH



Hcropust OTKPBITHS ONTHYCCKHUX ABJICHUIT 249

mnaHeTsl Ha 16 MuHyT 36 CeKyHI paHbIIE, YeM NMpPU HAOMIOACHHH B
Jpyroe Bpemsi roma. Pemep pemmia, YTO NPUYMHON Pa3HULBI BO
BPEMCHH SIBISIETCS TO OOCTOSTENBCTBO, YTO OAWH Pa3 B roAy 3eMis
HaXomuTcs Ha Kparuaiimem paccrosaun ot lOmutepa, a yepes mectsb
MECSLICB — B MAKCHMAIBHOM yIanieHuu. PeMep momaran, 4To pazHHLa
B HECKOJIBKO MHHYT paBHa BPEMCHH, B TCUCHHE KOTOPOTO CBET
repeceKacT 3eMHyI0 opoury. Pasaenus 3to paccrosiue Ha 16 MuHyT
36 cexyHa, oH moayuna 186 Teics/d MUITb B CEKYHTY.

Tomeko 4epe3 cro cempaecat Tpu roaa, B 1849 rogy, cramo
BO3MOYKHBIM M3MEPEHHE CKOPOCTH CBETA, MPOXOASILIETO MEKIY ABYMS
TOYKaMH Ha moBepxHocTH 3emnu. BeiOpamn paccrosane B 10 mMumb.
@Opaniy3ckuit  yueHslii PH30 MOCTABIUI OSKCIIEPUMEHT, TIOCHITIAs
HMIOYIbCBl CBETA HA VAAJICHHOE 3€pPKAlI0 M HU3MEpsisi BpeMs,
TpeOyromeecs: Ha Bo3BpatucHue jtyda. CBeT pa30MBajICsS HA UMITYTIbCHI
creayromuM oopazoM. JIyd MpOXOmuNn CKBO3b MPOMEKYTKH MEXIY
BBICTYIIAMH HAa OKPY>KHOCTH OBICTPO Bpamaromerocst aucka. llpum
JOCTaTOYHO OBICTPOM BpAINCHHM AWUCKA UMIYJIBC CBETA JOXOAMI JO
3epKaia ¥ BO3Bpallaics OOpaTHO Kak pa3 3a TO BpEMs, B TCUCHHUE
KOTOPOro JHCK MOBOPAYMBAJICS Ha HEOONBIIOH Yrol — Ha LIMPUHY
OJHOTO MPOMEXYTKa Mexay Beictynmamu. Ha aucke ®uzo 6bumo 720
BBICTYIIOB, U OH jAeian 25 000pOTOB B CEKYHAY. 3HAsl PACCTOSHUE OT
HCTOYHUKA CBETa 0 3cpkana u obpatHo, Pu30 moacuura; ckOpocTh
cBeta ¥ noy4dui 194 TeicS Yl MUTb B CEKYHAY.

B 1862r. ¢ppannysckuii ¢puzuk Oyko peann3oBan BHICKA3aHHYIO
B 1838 r. umero ®.Aparo, mpuMEHHB BMECTO 3y04aToro Iucka
ObicTpoBpaniaromeecs 3epkano. Orpaxkasch OT 3epkana, MydoK CBETa
Hampasisics Ha 06a3y W MO BO3BPAIUCHHY BHOBb MOMAJan HA TO JKE
3epKalio, YCIeBIIEe MOBEPHYTHCS HA MABIA yTOM.

IIpu Gaze Bcero B 20 M @Dyko Hamien, 4YTO CKOPOCTb CBETA
cocrasister 298000 + 50Gm/c.

HaubGonsimee passutue wmerox @Pyko goctur B paborax
A Maiikenscona [18, 19].

ITpumepro wepez 20 ner, xorma MaiikeabCoOH mpemnoaaBail B
AmnHamosuce, mnpoOneMa HU3MEPEHHUS CKOPOCTH CBETa Mpuodpena
HOBOC 3HAYCHUE. Chopmynuposannas Makcaemiom
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3JICKTPOMATrHUTHASI TCOPHS CBETA, C OXHOH CTOPOHEI, YTBEPKAATA, UTO
CKOpPOCTh CBETA JOJDKHA OBITH MEHBIIC B BOAE, ueM B Bo3ayxe. C
Jpyroi CTOPOHBI, U3 KOpOycKymsipHoU Teopuu HproToHa cremosaro,
YTO CKOPOCTh CBETa B BOAC Oomblue, ueM B Bozayxe. B 60< u 70
rogel XIX Beka BBISICHCHHE 3TOrO MPOTHBOPCYHS CTAIO0 HaWOOICe
aKkTyaJbHbIM HcciaenoBaHueM B ¢usuke. Hayke HeoOxoamm ObLa
Croco0 TOYHOTO U3MEPEHUSI CKOPOCTH CBETA B JIFOOOU CPEAC.

Maiikenscon roeopmit:  «ToT ¢akT, HYTO CKOPOCTb CBETa
HEMOCTIDKMMA TS YENOBEUYECKOro MPEACTABICHUS H, C JPYroit
CTOPOHBI, CYIIECTBOBAHWEC MPHUHLUIMHATBHON BO3MOXKHOCTH €€
U3MEPEHUS C YPE3BBIUANHON TOYHOCTBIO, ACIAIOT 3Ty 3aJady OAHOU
W3 CaMbIX YBJICKATCIBHBIX MPOOIEM, KOrma-mubo CTOSBIIMX IEPEX
HCCIICIOBATEIICM.

3HaHHWE CKOPOCTH cBeTa OBIIO BAXKHO TaKXKE M1 MHOTUX
aACTPOHOMHUYECKUX NpobieM HaBuraiwu. KoHrpecc BBIAETUNI CpeacTBa
M3BECTHOMY aMepukaHckoMy actpoHomy Caiimony Hbro-koMOy mist
paborer Hang 31Ol mpobaemoii. B 1877 roay roHBINA Mamuimin
JeHTeHaHT MalKenbCOH HEOXKHMIAHHO NPUAYMAT METOJ WU3MCPCHHUS
CKOpPOCTH CBETA C MOMOINBIO MpoCTeiiero ammapara. Pe3ympraTsl ero
paboTel ObuTH ONMyONMMKOBaHBI B JKypHane «AmepuksH JhxopHan od
CatieHc» 1ecTh MecsLeB cmycts, B Mmac 1878roaa.

B 10 neto Tecte MaiikenbcoHa maid eMmy 2 THICAYM A0JIAPOB HA
ycoBepIieHcTBOBaHHUE anmnapara. [IyTe my4a Obin yBemuueH Oonee uem
B 30 paz u moBemeH g0 700 merpoB, CMemICHHE H300pasKCHUS
pasusiock 13,3 canTMmerpa BMECTO ABYX. MaKCBEILT MPEICKA3BIBAI,
YTO CKOPOCTh cBeTa HobkHa paBHAThCS 300 ThicSYaM KHUIOMETPOB B
cexkyHny. Pesyaprar Maiikenscona cocraBmsin 299895 + 30
KHJIOMETPOB B cekyHAy. OH nmoaTeepaun npeamnonoxenue Makcsemnna
C TOYHOCTBIO 10 OJHOH ACCATHUTBICIIHOM.

B TcucHme Bceit cBocH km3HM MaWKETBCOH ITOCTOSHHO
BO3BpALIANCS K OSTOMY H3MEPCHHIO, NBITA’ICh OCCUMCICHHBIMU
cnocobamu eme Oosee yTouHHATH pe3yaptar. B 1926roay, korga emy
OBLIO CEMBICCAT YCTHIPE FOA, OH MPUMCHHI CHCTEMY, B KOTOPOH Ty
CBETa TOCHUIAJCS C BEpUIMHBI Topel BunbcoH Ha Bepmuny Cas-
AHTOHMO, TO eCTh Ha 22 Muau u 00paTHO. Bpamaromeecs 3epkajio
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OBIJIO M3TOTOBJICHO C YPE3BBIYANHON TOYHOCTHIO, U OHO MPUBOIUIOCH
B JBIDKCHHE CIICLUANBHO pa3paboTaHHBIM YCTPOHCTBOM. MaiikenbcoH
MOATBEPIUI PE3YIbTAT CBOUX MPEABIAYINUX U3MECPCHU.

HBa roma coyctst, B 1928 rogy, B BO3pacte CEeMUICCITH LICCTH
7et, MaiKenbCOH MOMYYUIT CPEACTBA AT U3MEPCHHS CKOPOCTH CBETA
B Bakyyme. JleHbru Ha 310 emy aamu obcepsaropus MayHT-BuiibcoH,
Uukarckuii yausepeutet, ¢pona Pokdennepa n kopnoparms Kapreru.
Accucrentamun  Maiikenscona Obmn @I, TIuz u &@. Ilupcon.
Corpynuuku beperoBoit reoaesuueckoit ciyx0bt  CoeTUHEHHBIX
[ItaToB pa3MeTWNIM M BBIMEPHIN PACCTOSHHUE Ui TPOMATHOTO
nmpubopa Ha paH4yo JpBUH. Bakyym mpeamonaranocs co3gate B TpyOe
13 ropHUpOBaHHOrO CTAIBHOTO MHPOKATA JIMHOH MOYTH B MILTIO.
Tpyba nmena 3 ¢pyta B 1uamMeTpe U JOCTABILIACH HA MecTO omnbiTa 60-
(yTOBBIMH CEKLIMSIMU.

ITocpeacTBOM MHOTOKPATHOTO OTPa)KEHUSI CBET JOJDKEH ObLT
MPOXOJNUTh PACCTOSHUE B 8 MHJb, BBIMCPEHHOEC C TOYHOCTBIO IO
OmHOH MWITHOHHOW. Bo Bcel cucTeme €03qaBalioch paspeikKCHHUE,
pPaBHOE OTHOW TMOIYTOPATHICAYHOW YacTU 3EMHOH aTMOChEpHI.
BeikaunBanue Bo3ayxa mpoxomkaiock 48 yacos. Bee Bpems To ozaHa,
TO Apyras 4YacTh BBIXOJHMIA M3 CTPOs, BaKyyM Hapyluaucs, ¥ BCE
MPUXOANIOCh HAYHHATD CHOBA.

Ecmu nmepseiit npubop B Annamnomnce croun 10 gonmapos, To 31a
cucreMa obomnace B 50 Thics momnapoB. JTo OB  caMblid
rpaHano3Helid mpoekT Maiikenbcona. B To Bpems kak mma paboTa,
300pOBBE €ro Hadano caasath. [IMpcoH mponsBen HEMOCPECTBECHHBIC
M3MEpEHHUS o] pyKOBoACTBOM MaiikenbcoHa.

B 1930 roxy Oblim mpowsBeacHsl coTHH HabmromeHwid. Bcero
OBLIO TMOCTaBICHO MOYTH 3 ThICAYM OMBITOB. CKOPOCTh CBETa B
BaKyyMe¢ oOKka3ajgack paBHOW B cpeaHeM 299774 xumomerpaM B
cekyany. Hayunas crates, HanmcaHHas MalkeIbCOHOM TIEpen
CMEpThIO, Ha3blBAlaCh TOYHO TaK e, Kak M ero mepsas pabora,
HaneyatanHass B 1878 rony B AnHHamomuce «O Meroae M3MEpEHUs
CKOPOCTH CBETa».

Nzmepenus ckopoctu cBeta B 19 B. HE TOIBKO BBITOTHUIN CBOKO
HEMOCPEACTBCHHYIO 3aJa4y, HO U CBHITPAIN YPE3BBIYANHO OOIBIIYIO
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poab B (usuke. OHH AONMOJHUTCIBHO TMOATBEPAWIN BEPCUIO O
BOJTHOBOH IPHUPOJAE CBETA U O TECHOM CBI3M ONTUKUA C TEOpHUEH
sJeKkTpoMarHetusma. M3MepeHHass CKOpPOCTh CBETa COBNAda CO
CKOPOCTBIO 3JCKTPOMATHUTHBIX BOJH, BBIYUCICHHOW W3 OTHOLICHUS
ANIEKTPOMATrHUTHON M 3JICKTPOCTATUYCCKON CHUCTEM eAMHUL (OMBITHI
B.Bebepa u @.Konppayma B 1856r. n nocnenyromume 6onee TOUHbIE
m3mepenvst k. K.Makcsenna).

B coOBpeMEHHBIX H3MEPEHHUS! CKOPOCTH CBETA HCIONb3YETCS
MOJCPHHU3HPOBaHHBIA MeTon Du3o ¢ 3ameHON 3yOdaToro koieca Ha
HAa 3JICKTPOONTHYECCKUH, JU(PPAKIIMOHHBIA, HHTEPPECPECHLMOHHBINA 1IN
KaKOH-THO0 WHOU MOIYJIATOP CBETA, MOTHOCTBIO MPEPHIBAOLINN UIN
ocnaOmsromnii  cBeToBOi my4ok. [lpumeHenme nazepa B KadecTse
HCTOYHHUKA CBeTa, VIBTPA3BYKOBOT'O MOZIYJISITOpA co
CTaOMM3UPOBAHHOW YAaCTOTOH M MOBBILICHUE TOYHOCTH H3MEPEHUS
JUIMHBL Oa3pl TMO3BOJMIM CHH3UTh MOTPEINHOCTH H3MEPCHUS U
MOJYUUTh 3HAUCHHE CKOpocTH cBeta ¢ = 2997925 + 0,1&m/c.

IToMumMO mpsIMBIX H3MEPEHUH CKOPOCTH CBETAa IO BPEMCHU
MPOXOXACHHUS HM3BECTHOH 0a3bl IMUPOKO MPHUMEHSIOTCS KOCBCHHBIC
METOBI, JAFOINHE eme OOTbINYE0 TOYHOCTB.

K nacrosmemy Bpemenu pemenrneM Xl I'enepanbroil accambien
MexayHapoaHoro coro3a paguocsssu  (1957) mpunsto cumTath
CKOpOCTh CBsi3u B Bakyyme pasoit 299792 + 0,4wm/c, Ho b1 1972r.
aMepuKaHCKui y4yeHblii CTHUBCHCOH C TOMOIIBIO KPHIITOHOBOTO
CTaHJAPTA YaCTOTHl ONPEACIUI CKOPOCTh CBETA W MOMYYHI 3HAYCHUE
B 199792456,2 + 0,81/c, mo3TOMY BO3MOXKEH MEPECMOTpP 3HAYCHUS
CKOPOCTH CBETa, 3aJ0KEHHOTO B CTAHJAPTAX.

3HaHWE TOYHOW BENUYMHBI CKOPOCTH CBETa HMEET OOnbInoe
MPAaKTUIECKOE 3HAYCHUE, B YACTHOCTH B CBS3H C ONPCACICHUCM
paccTosHUIl MO BPEMEHH MPOXOXKACHUS paAHWo- HIH CBETOBBIX
CHUTHAJIOB B PaJHONOKALMH, ONTHYCCKOH JOKALUU U JATbHOMETPHU.
OcoOeHHO IIUPOKO BTOT METOJ HPUMEHSCTCS B TEOJC3UU U B
CHCTEMaxX M B CHCTEMAaxX CIICKCHHS 332 WCKYCCTBEHHBIMH CITYTHHKAMU
3emnu. OH UCTIONB30BAH TSI TOYHOTO H3MEPCHHS PACCTOSHHS MEXKIY
3emueit u JIyHO# 1 1uist pemenust psaa Jpyrux 3aaad.
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He nMes HuKakmx 3aMcHaHUN B aIpec MCCICIOBATCICH CKOPOCTH
CBETAa KaK OJHOr0 W3 BAKHBIX (U3UYCCKUX SBJICHUH, CIACIYCT
BBIPA3UTh IIOJHOE HECOTIACHE C COBPEMEHHOW  (DHU3MUCCKOMN
«Teopueii», OOBIBUBIICH CKOPOCTh CBETA MPEACTBHOW IS THOOBIX
BUIOB (DM3MYCCKUX CUTHATOB. Bce TNPOBEACHHBIC U3MEPCHUS
CKOPOCTH CBCTAa HUKAKOTO OTHOINCHUS HC MMCIH U HC MOTYT UMCTh
OTHOIICHUS K CKOPOCTH PAacCHpPOCTPAHCHUS APYTUX BUIOB CHUTHAJIOB,
HMMCIOLINX UHYIO (PH3HYECKYIO MPUPOAY. 3aTO caMa CKOPOCTh CBETA B
BAKyyMC  BONPCKH  YTBCPXKACHUSAM  TPUBCPIKCHICB  TCOPUH
OTHOCHUTCIBHOCTH A.JWHINTCHHA, MOXKET 3aBHUCCTh OT BHCIIHUX
(bakTOpOB, TJIABHBIM M3 KOTOPBIX SIBISICTCS J(QHUPHBIA BETEP, B
MMOTOKAaX KOTOPOro Haxoautcs HE Tombko 3emiss u  ComHeuHas
CHCTEMA, HO U BCC 3BE3ABI HameH [ amakTuxm.

1.3. CkopocTb cBeTa U 3(PpUpHLIN BeTep

Hecmortpst Ha TO, 94TO B MHUPOBOI HayKe YTBEPAMIOCH MHCHHE U
TOM, 4TO ombitamMu Maiikeabcona u Mopmu B konue 1910 B.
JOKa3aHO, YTO S(HPHBII BETEP OTCYTCTBYET H, CICIOBATCIBHO, B
npupoae 3¢upa, Kak TaKOBOrO, BOOOINE HET, HA CAaMOM JEie, OTO
MHCHHUE HE TOIBKO MOBEPXHOCTHOE, HO U Iyboko omubouHoe. Takoe
MHEHHE MOAACPXKHUBACTCs CTopoHHHKaMu CrHenuaabHOW —TEOpUU
OTHOCHUTETBHOCTH A.JWHINTEHHA, 3aMHTCPECOBAHHBIC B COXPAHCHUU
rOCIIOJCTBA B HAYKE LIKOJNBI PEIITHBA3MA M HE CTCCHSIOLIUMHUCS
IICIBMOBATh BCSKOTO, KTO CMEET MOKYCUTHCSI Ha 3TO MOIOKCHUE.

Ha camom geme, oskcnepumventsr Maiikenscona (1881) u
Maiikenscona 1 Mopau (1887)Bcero nuiup mokasany, 4TO THIOTE3a
Jlopenua 06 aOCOMIOTHO HENMOJBI)KHOM B MHPOBOM IPOCTPAHCTBE H
BCCIIPOHMKAOIEM dS(QHUpe HE MOATBEPXKIACTCS M UYTO HYKEH
NPUHLUHAATBHO HHOM MOAX0[, KaK B MOMCKaxX 3(DMPHOro BETPa, TaK U
B ONPECICHUH CBOMCTB 3dupa [22, 23]

JKCIEPUMEHTHI 0 3(QUPHOMY BETPY OBLTH HPOJOTKEHBI PSIOM
uccneposareneit  [20-31], wHO HamOOMABIIMX  YCIEXOB  JOCTHT
npodeccop KeficoBckoii mkomsl npukiagHoii Hayku B KanudopHum
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(CIIA) J[lpitton Kmapenc Mumnep. MwuamepoM ObIT  BHITIONHCH
TPOMaJHBIA 00bEM H3MEPCHHH 3(PHUPHOrO BETpa B 0OCEPBATOPUHU
Maynr Busicon (Beicota Hax ypoBHem mopst B 1860Mm), u momydeHst
CTATHUCTHYCCKU 3HAYMMBIC U JOCTOBEPHBIC pe3yabrarsl [24-28].

MuutiepoM BBUSICHEHO, UTO 3(UpHBII BeTep 00ayBacT 3EMIIO HE B
MJIOCKOCTH SKJIMITUKHU, KAK HPEAIONAaranock, a IeprneHANKYILIPHO ei,
U TOCKONBKY OChb J3EMJIH IOBEPHYTA OTHOCHTETBHO 3TOrO
HanpasIcHus Ha 26, TO CKOPOCTh HA MOBEPXHOCTH 3EMITH MEHSICTCS B
TeueHue cyToK. CKOPOCTh TaKkKe MCHSETCS C YBETHUCHHEM BBICOTHI
HAJ YPOBHEM MOpS: Ha MalbIX BBICOTAaX 3TO mopsiaka 3-3,5km/c, Ha
BeicoTe B 1860M crkopocts kosiebnercst ot 8 1o 10 km/c.

IIpoBeneHupiec MalkembCOHOM M €r0 MOMOIMHUKAMHM OITBITHI IO
M3MEPEHUIO 3(UPHOTO BETPA, PE3YIbTAThl KOTOPBIX OMYOIHKOBAHEI B
1929r. [29, 30]moarBepannu pe3ynbrarel Mumiepa.

Namepenns s¢upHoro sBerpa FO.M.I'anaessim (Xappkos) B 1973-
2000 rr. raxxe moarBepamimu gaHHeic Mumiepa [31] u BoIsBHIH
HEKOTOpBbIC HOBBIC acmekThl. Okazanock, 4TO B HEKOTOPBIC MECSILII
CKOpPOCTh 3(QHPHOro BETpa MaJacT OO HYJsd, 3aTeM MCHSET 3HaK, a
3aTeM BOCCTAaHABIMBACTCS IO MPEKHEr0 3HAYCHUS. AHAIHM3 MoKasza,
YTO HCTOYHHUKOM TaKHX HCKaxeHUH sBusercss ConHLE, BOKPYT
KOTOpOro (JOPMHUPYIOTCSI CBOU MOTOKU 3(Hpa, HAKIAABIBAIOIIUECS HA
OCHOBHOW MOTOK 3(HPHOrO BETPa, HMMCIOMIEIO TalaKTHIECKOE
MPOUCXOKICHHE.

Bce 310 03HauaeT, 4To0 CKOPOCTh CBETA B JIFOOBIX 3KCIICPUMEHTAX,
MPOBOAMMBIX Ha TMOBEPXHOCTH JEMIM HIM B KOcMoce, Oyaer
MOJBEPIKCHA BapUaLMsM, KOTOpBIE HEOOXOAMMO YUYUTHIBATh, HO
KOTOpBIE 0 CUX IMOP HHUKAK HE YUUTHIBATHCH B CBS3U C YOCKICHHEM,
410 3(Hpa, Kak TAKOBOTO, B MPUPOJC HE CYLIECTBYET.

Ha puc. 1.1 mpuBeaeHa cxema 00ayBa MHOBEPXHOCTU 3EMIIH
MOTOKAMH TaJaKTUIEeCKOro 3(UpPHOTo BeTpa, a Ha puc. 1.2.mpuBeacHa
cxema TmoTokoB a¢wupa, co3maBacmbix ComHmeM B CBOMX
okpectHOCTsX. COMHIE ACUCTBYET MOJOOHO LICHTPOOCKHOMY HACOCY,
BTSATHBAasi 3QUP B MOMIOCHBIX OONACTSX M BBIOPACHIBAIOIIETO €ro IO
BceMy dkBaropy. ILI0CKOCTh SKINNTUKY HAKIOHEHA OTHOCHTEIBHO
miockoctn 3kBaropa ComHua, W modTOMY 3eMIlT HEPEXOAUT M3
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o0nacTv, B KOTOPOH TallaKTHUCCKHHA W CONHEYHBIA MOTOKH 3(¢upa
CYMMHPYIOTCSL B 007acTh, TJI€ OHU BBIYUTAIOTCS, YTO U OOBICHSCT
MOTYUCHHBIC PE3YIbTATHI.

Ha puc. 1.3.mpuBeacHa TeopeTUdecKas 3aBUCHMOCTh M3MCHCHUS
ckopoct oOxysa mmapa morokoM rasa [Lllmuxrtunr], u3 koTtopoit
BHIHO, YTO CKOPOCTb MOTOKA ra3a OTHOCUTEIBHO MOBEPXHOCTH ILIapa
pacTer ¢ YBETMYCHHEM PACCTOSIHMM OT IHapa, YTO IMONTHOCTBHIO
OOBsICHSICT mMOmy4eHHble MIIJIEPOM  BBICOTHBIC  3aBHCHUMOCTU
3¢upHOro Berpa.

Puc. 1.1. OdoTexanme 3emsm >(QpupHBIM BeTpoM: 1- 30Ha TIOBEHINICHHOTO
JaBieHus ddupa; 2 —30Ha TOHMKEHHOTO JaBIeHus dupa; 3 —30Ha 3aXBaTa BIIaru u3
oKkeaHa; 4 — IIpUCOeIMHEHHBIN TOPOUTATTBHBIA BUXPh A(Hpa, 3aXBaTHIBAIONHI 3UMOL
BO3/IyX aTMOC(EpHI.

Heo06x0auM0 OTMETHTB, YTO CYIIECTBYET CIIC OJHA KOMITOHCHTA
3(upHOro BeTpa, 3TO MOTOKK 3(HUpa MOIJIOLUIACMBIC BCEM TEIOM



256 I'nasa 1.

3emmu. OHH BBI3BaHBl PA3HOCTBIO TEMIICPATYPHI IMOBEPXHOCTH
MPOTOHOB — VIUIOTHCHHBIX TOPOWAATIBHBIX BUXpel >dupa u
Temmepatypsl cBoboxHoro 3¢upa. Ilockonpky B raze Temmeparypa
HPONOPLUUOHAIBHAS JABICHHUIO, TO 00pa3yeTcss pasHOCTh JABICHUH,
MoJ ACUCTBHEM KOTOPOH 3(HUp cO BTOPOH KOCMHYECKOH CKOPOCTHIO
BXOOUT B TCJIO 3€MJ'II/I, YaCcTUIHO YCBauMBACTCA CHO, UTO IPUBOAUT K
pacuIMpeHnto 3eMIH, a YACTHYHO BEIOPACHIBACTCS BO BHE.

aghupierii semep

e TTTH
eo— 0 D—

Conneunas cucmema
——

Conneunas cucmema
-—

a)

abldUmaHue
cegeptoco
U HOAHCHO2O
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C onnyem NJAOCKOCHTL
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Puc. 1.2. HanpaB.ieHue >(p)upHOro BeTpa OTHOCHTEILHO OPOUTHI 3eMuli:

a — B Hauaxe oOpa3oBaHusl CONMHEUHOW CHCTEMBI M B HACTOSIEe BpeMs;, 6 —
TOJIOBBIE IIepeMEeNIeHUs 3eMIM OTHOCUTENBHO II0TOKOB 5dupa, co31aBaeMbIX
CorHIleM
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Puc. 1.3. Odrexanne mapa ra3oBbIM IOTOKOM: a — HanpaBJieHHe
MOTOKOB;, © — JII0pa H3MEHEHHsI OTHOCHTE/IbHOIl CKOPOCTH IIOTOKa ¢

YBEeJIMYEHUEM PACCTOSIHISA OT MOBEPXHOCTH Iapa

Craeayer 3aMeTuTh, YTO PSAJOM HCCICAOBATEICH, MPOBOAMBIINX
n3Mepenus  3upHOro  Berpa, ObBIIM  JOMYLICHBI — TpyOble
WHCTPYMEHTANbHBIC H JAKE METOAMYECCKHIE OIMOKH, HE MTO3BOIHBIINE
UM TOYYHUTb MOJIOKUTEIbHBIC PE3YTbTATHI.

Kennean w  WnavHrBOPT —COpOCKTUPOBAIN HHTEPHEPOMETP
OTHOCHUTEIBHO MAjOro pasmepa ¢ miomansio 1 M°, B koropom ObLIO
MPEAYCMOTPEHO CTYNEHYATOE 3EPKAaN0, 3HAYMTEIBHO MOBBILIAOLICE,
MO0 MX MHCHHIO, YyBCTBUTEIBHOCTh MPHOOpA, YTO IO3BOIWIO UM
COKpaTHTh [UIMHY IIyTH [0 CPaBHCHHIO C HUHTEPHEPOMETPOM
Munnepa. Bech npubop ObLT MIIOTHO 3aKYHOPCH B KEAC3HBIA SIIUK,
3aITOMTHEHHBIA TETUEM ATl BBIPABHUBAHUS TEMIICPATYP. 3aIONHCHHC
TEeJIMEM CBUACTEIBCTBYET O TOM, YTO T'€PMETU3ALMS ObLIIA BHIMOIHCHA
Jo0pocoBecTHO. M3amepeHusl mpoBOAMINCh HA TOW e rope MayHT
Busicon (1926-1927r.), pe3ynpTarsl ObLIM OTPULATSIBHBIMU.

ABTOpaM ¥ B TOJIOBY HE MPHILIO, YTO MOTOKH 3(Hpa HE MOIIH
MPOHHUKATh CKBO3b JKETC3HBIC CTCHKU SINUKA, MOTOMY YTO TOrJa
TOCIIOACTBOBANIO yOEXKICHHE O TOM, 4To 3¢up Bcenponukarom. Ha
caMOM Jene TaKue HW3MEPEHHs MOJOOHBI TOMY, Kak €ciu Obl
MPOBOANTL U3MEPEHUS OOBIYHOrO BETpa, AVIOLIETO Ha YyiHLE, Iiaja
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 xe ommbky coBepumau u [Tiukap u Ctasne, moJHUMAaBIINECS C
UHTEPPEPOMETPOM TAKOTO >KE€ pa3Mepa Ha BO3AYIIHOM IHape Ha
Boicory 2500 M. [Tap Bpamancs creuuatbHBIMU MPOMEIICPAMH, HO
PEe3yabTaThl OBLIH HEOIMPEACICHHBIMHU, a BBIBOABI KATCTOPHICCKUMHU:
3(UpHBIHA BETEp OTCYTCTBYET, a 3HAYUT, 3(PUpa Kak TAKOBOT'O HET.

Ho camyro anTacTHUCCKYIO OIIMOKY YK€ METOAMYCCKOTO IIaHa
cosepiumnu Y. Tanyse (n300perarens masepos u naypear Hoenesckoit
npemun) U ero mnomomuuk CemapxombM, YCTAaHOBHBIOHE Ha
BpalAOIIEMCsl AWCKE JABa Masepa W HCKaBIOHX 3aBHUCHMOCTb
u3MeHeHnst 4dactotel Omenust (25 k['m) or yrma mosopora mofg
BIHsIHUEM 3¢upHOro Betpa. OHU mpeamonaraiy, 4YTo MoJ JCHCTBUEM
3(upHOro BeTpa MOMKCH HAOMIOJATHCS JOMICPOBCKUI CABUT 4acTOT,
MPOIOPLUUOHANBHBIA CKOPOCTH 3(UpPHOro BeTpa. Takoi 3aBUCHMOCTH
OHU He OOHAPYKUIIH, B PE3YIBTATE YETO MOSIBUICS TOT K€ BBIBOA, UTO
U BhILIC. 3(UPHOTO BETpa HET, 3dupa He cymectByer, CreunaabHas
TCOPHSI OTHOCUTETIBHOCTH MPaBa.

Ot y4yeHele 3a0BUTM, YTO Yy B3aHMHO  HCMOABIKHBIX
OTHOCHUTEIBHO JAPYT Jpyra HCTOYHHKA W NPHUEMHHKA KolcOaHHi
JOTJICPOBCKHI CABUT YaCTOT NPUHLUMIHMAIBHO OTCYTCTBYET M 9TO,
MOCTaBUB SKCIEPUMEHT MOJOOHBIM 00pa3oM, OHH BCErO JIHIIb
MPOIEMOHCTPHPOBATIN COOCTBCHHYIO HETPAMOTHOCTh B 3TO BOMIPOCE.
K coxanenuroo, ¢ IIUPOKMM OMNOBCIICHHEM OO 3TOM HAy4YHOI
OOIIECTBEHHOCTH.

Taxum obOpazoMm, Tr0OBIE 3KCIIEPUMEHTHI, B KOTOPHIX, TaK HIIH
WHAYE, UCIONb3YETCS CKOPOCTh CBETA, JOIKHBI YIUTHIBATH HE TOIBKO
Hanu4ue 3(hUPHOTO BETPA, HO ¥ MPHHUMATH COOTBETCTBYIOIINE MEPHI
BO M30e)KaHHE UCKAKCHUI PE3yIbTaTOB,

O ToM, 4TO Takass HEOOXOAUMOCTb CYIIECTBYET, CBHACTCIbCTBYET
HECKOJIBKO MPOBEICHHBIX Pa3IuIHBIMU HCCIIEIOBATEISIMU
SKCIICPUMECHTOB.

1. I0.M.I'anaesy (XappkoB, 1993)0b110 MOPYUEHO HCCICAOBATH
3aBHCUMOCTb  CKOPOCTH  PACHpPOCTPAaHCHHsT  PaiAWOBONH  OT
MeTeopoiormdeckux — yciaosudd.  I[IpoBoass  wmccrmemoBaHusl — OH
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OOHApYXHUIT TECPUOJHMYECKHE H3MEHEHHS CKOPOCTH HE TOJBKO OT
M3MCHEHUSI METCOPOIOTHUCCKUX YCIOBHI, HO U OT BPEMCHH CYTOK H
JaKe OT BpEeMEHH roaa. MoaepHHU3UPOBAB YCIOBHS SKCIIEPUMEHTA OH
OTACTHI 3aBHCUMOCTD PE3YJIbTATOB OT METCOYCIOBHI OT CYTOYHBIX U
TOJOBBIX MEPUOTIMICCKUX 3aBHCHUMOCTEH. ComnocrasieHue
MOJTYYCHHBIX JAHHBIX C PE3yNbTaTaMU HU3MEPCHHH S(UPHOrO BETpa
J.K.Mumiepom mokasano UX HOTHYI KOPPESIHUIO, yIeT 3(UPHOro
BETpa TO3BONMJI  YETKO  BBIJCIUTH  3aBUCHMOCTD  CKOPOCTH
MPOXOXKACHHUS PAANOBOIH OT METCOYCIOBUI.

2. B xpbivckoii tabopatopud, MpoecCHOHATEHO 3aHUMAFOLICHCS
CIICKCHUEM 33 HU3KOJCTSAIIUMU CIYTHUKAMH (BBICOTA HAJ IMOBEPX-
HocThi0 3Jeman mopsiaka 200 kM) OOHApPYXKEHO, YTO ONTHYECKOE
M300pa)KCHUE CIYTHHKA HE COBMAJACT C PagHOIOKALMOHHBIM
M300paKCHUEM TOTO JKE€ CIYTHHKAa HAa Yrol OKkoido 35 yrioBeIX
CEKYHJ, B TO BPEMsl KaK MOTPELIHOCTH U TEIECKOMNa U Paguonokaropa
HE MPEBBIIAIOT KAKAOro 1 yriaoBOW CEKYHIBI, MPHYEM BEKTOP 3TOM
Pa3sHOCTH B TeueHHe TOfAa moBopaumpaeTca Ha 360, Bo3Bpamasce B
HCXOAHOE MOJOKEHHE POBHO uepe3 rof (puc. 1.4).
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Puc. 1.4.PaznyHble n306paeHns CIyTHAKA. 1 —HUCTUHHOE MTOTIOKeHMe; 2 —
PaMONIOKAIMOHHOE M300paXKeHue; 3 —oITIdeckoe n300paxeHue; 4 —paauoiIoKaTop;
5 —npuemHuK orrtryeckoro nzoopaxenusi; C — CorHile.
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B stux pabortax omepatopamMu He OBIT YYTEH CHOC CBETa U
JOKALMOHHOTrO JTy4ya OT 00AYBAOIIETO 3eMJTI0 3(DUPHOTO BETpA.

VYyer 3TOro cHoca mo3Bonua OBl HE TOJIBKO OOBSCHUTH I(QEKT
(comHeuHbI# Tyd, OTPAKCHHBIH OT CIYTHHKA, MPOXOIUT PACCTOSHUC
OT CIIYTHHKA A0 3EMJIH OIUH pa3, a PaJroIOKALOHHBIN JTyY IBa pasa,
MO3TOMY OHH CHOCATCS S(QHUPHBIM BETPOM MO-Pa3HOMY), HO U
YTOYHHUTH UCTHHHOE TOI0XKCHUE CITyTHHKA.

3. Kak crano wu3BeCTHO M3 psAa HCCICIOBAHHNA CKOPOCTU
BpamieHus 3emMiin BOKpPYT ¢Bocit ocu u Bokpyr ComHia, oda 3tu BUaa
BpalllCHUsI HECTAaOWIbHBI BO BPEMCHH. JTa HECTaOMIBHOCTb
OTHOCUTEIIPHO HEBEIHMKA, TEM HE MCHEE, MOXET OBITh H3MEpEHa
Pa3IUYHBIMK CIIOCOOAMU, BKJIFOUas acTpoHomwuueckue. Heobxoaumo
oOpaTUTh BHHMAaHHME Ha TO, YTO CaMO HAmNpaBICHHE HAa 3BE3[HI,
CUHTAIOIIECECS] ITATOHHBIM, MOXCET H3MCHSTHCS MPH MPOXOXKIACHUU
CBETa, HU3TYy4acMOro 3BE3JaMU, a TAKKE cBeTa, oTpakaemoro JIyHoi,
4yepes MOToKU 3Gupa, 00TyBAIOIIECTO 3EMITIO.

Hy»Ho oTmeTuTh, 4TO pacder GOKOBOro CHOCAa CBETA KaK BOJHBI,
HE COOTBETCTBYET JCHCTBHUTEIBHOCTH, HA CAMOM JEIIC CBET CHOCHUTCS
MCHBILE, MOCKONBKY (DOTOHBI HE SIBISIIOTCS BOJNHOW, & SIBIISEOTCS
VIUIOTHCHHBIMH BHXPEBBIMU CTpPYKTypamu. HekoTopyro aHamoruro
CHOCA MOXXHO YCMOTPETh B MCIYCKAaHHHU JBIMOBBIMU TPYOaMu JbIMa
(puc. 1.5), korma namMuHApHBIA MMOTOK AbIMa CHOCHUTCS BETPOM, a
KJIyOBI ABIMA CHOCSITCSI BETPOM B FOPA310 MCHBIICH CTCIICHU.

Puc. 1.5. YMenbineHue cHoca AJBIMOBBIX KOJIEIl BETPOM II0 CpaBHEHHIO €
00BIYHBIM AbIMOM
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4. HeoOX0AMMO YUUTHIBATE, YTO CKOPOCTh 3QHPHBIX NMOTOKOB HE
SIBIISICTCSL TIOCTOSIHHON, COOTBETCTBEHHO CKOPOCTh CBETA, HA KOTOPYIO
Oyay BIUATH OBIDKCHUS ddupa, Takoke OyIeT MEHSATHCS .

Bo-mepBhIX, ckopocTh 3QUPHBIX MOTOKOB  OTHOCHTEIBHO
MOBEPXHOCTH 3EMJIM YMCHBIIACTCS C YMEHBIICHHEM BBICOTHI,

BO-BTOPBIX, Ha CKOPOCTb M HampaBicHHE 3S(UPHBIX IOTOKOB
CYLICCTBCHHOE BJMSHHC OKA3BIBAIOT MECTHBIC MPEAMETHI — TOPHI.
XOJIMBI B J2XKE 30aHHUS;

B-TPETBUX, MPHU YVUCTE BIMSHUS S(PUPHBIX MOTOKOB HA CKOPOCTh
CBETa MM PAJAMOBONH HY>KHO VIUTHIBATH MOTOKH 3(HpPa, BXOISIINUC B
3eMJII0 CO BTOPO# KOCMHYECKOH CKOPOCTBIO.

Buvieoowi

1. B ucropuu pa3BUTHS YYCHUS O CBETC [JIUTCIHHOE BpPEMs
KOHKYPHPOBATH ABE KOHLCILIMKA — KOPIYCKYJSpHAsl, B COOTBETCTBHUU
C KOTOPOH CBET MPEACTABISAICS KaK MOTOK YAaCTULl M BOJHOBAs, B
COOTBETCTBHH C KOTOPOH CBET TPEACTABIUICS KaK  BOJHHI,
pacnpoctpansitomuecs: B a¢upe. B 19m cromerun Jlyu ne Bpoiine
oObeauHMn 00¢ OSTHUX KOHUCNUWM B CAWHOW  KOHLCTLHU
KOPIYCKYIISIPHO-BOTHOBOTO AyaIn3Ma.

2. ®usmyeckas CyIHOCTh CBeTa B O(QUUMATBHON Hayke HE
BBISIBJICHA [0 HACTOSIIEIO BPEMEHHU, XOTS M CUHTACTCS, YTO CBET U
3JICKTPOMATHUTHBIC BOJTHBI SIBJICHHUS OZHOTO MOPSIIKA, OTITHYAOIIUCCS
TOJBKO AMana3oHoM 4actor. Ha camom aene 3To sIBICHUS pasHEIE,
MOCKONBKY 3aTyxXxaHWE B TOJYIPOBOMIIICH cpene, HampuMmep,
MOPCKOH BOAE Y HHUX pa3IHYyaroTCs Ha HECKOJBKO TOPSAKOB, U
OOBSICHCHHE JTOMY B OQHUIHANTBHON Hayke HE HalacHo. A
(uzuueckass  CYIIHOCTh  DJICKTPOMATHUTHBIX  SIBICHUA  TaKKe
(oumansHON HAyKOi HE pacKphITA.

3. Bce mnpoBencHHBIE HCCICOOBAaHUS CKOPOCTH CBETa HE
VUUTBIBAIA BIHSHHAS TCPEMCIICHUS B MOPOCTPAHCTBE I(UPHBIX
MOTOKOB, OCKONBKY O(UIIHAIBHON HAYKOH caM (akT CyLICCTBOBAHUS
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s¢upa B npupoxe He mpu3HaH. OmHako 3¢Hp CYLIECTBYET, U MpH
KQKIOM BHIC M3MEPCHHUI CICAYET ONPEACTATh, HY)KHO YYHTHIBATH
3TOT ¢akT U (akT mepeMemeHuss S(UPHBIX Macc WIM HE HYKHO,
WHAYEC TMOTPEMIHOCTH U3MEPEHHH MOTYT OBbITh  HEAOMYCTHMO
OONBIIMMU.
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I'napa 2. CTpykTypHasi opraHu3anms cBeTa
2.1. Ctpykrypa poToHa

B nmpouecce npoBeAeHHBIX pa3IMYHEIMHA aBTOPAMHU HCCIIEAOBAHUN
OBLJIM BBISICHCHBI OCHOBHBIC CBOWCTBA CBETA M €r0 3JICMCHTAPHOU
cocrasJsttoiei — porona. CoiicTBa 3TH TakoBsI [1].

1. Hanmensbimii 3eMeHT cBeta — POTOH HEceT B ceOe IHEPruo,
KOTOpasi COrIacHo 3akoHy IlnaHka mpormopunoHaiIpHa 4acToTe:

E=h, (2.1)

rae h=6,62-10" Jx-c —nocrosaHas ITnanka

2. Cser, wusnydcHHbI aTtomMoM, mojspu3oBaH. CBer HE
MOISIPU30BaH B OOBIYHOM Iyde (KPyroBast MONSPU3ALN), TTOCKOIBKY
Pa3IUYHBIC ATOMBI U3YYalOT CBET B PA3IMYHBIC MOMCHTHI BPEMCHU U
OT/JCIBHBIC TOPIUU CBETA U3TYYAIOTCS HE3aBUCUMO IPYT OT APyTa.

3. DOTOH Kak YaCTHUIIA HE UMEET JJICKTPHUUCCKOro 3apsiia.

4. ®oroH MOXeT 00nagaTh OJHUM K3 ABYX 3HAYCHHN CIMHA!
mbo + 1,mbo — 1.

5. Cser obnagaet gaBjieHUEM, ClIeI0BATeaIbHO, (HOTOHBI 00IaAa-
FOT Maccoil.

6. ®oTOHBI TOKATU30BAHBI B MPOCTPAHCTBE, PACIPOCTPAHSIIIOTCS B
BaKyyMe¢ MPSIMOJUHCHHO M 00/1aJar0T MOCTOSHHOUW CKOPOCTHIO, UTO
JICNACT UX MOJ00HBIMU MOTOKY YACTHII.

7. Ceer obnazaer cBolicTBaMHM WHTEpP(EpPEHUUH U TUPpPaKIUH,
YTO MO3BOJIUIIO CUYUTATh (POTOHBI BOJTHAMMU.

8. TlapamnenbHO OpueHTHUPOBAHHBIC (DOTOHBI HHTCPHEPUPYIOT, a
B3aUMHO  MCPICHIUKY/SIPHO  MONSIPU30BaHHBIE  (POTOHBI  HE
UHTEPHEPUPYIOT.

Bce panee paspaboTaHHBIC Pa3IUYHBIMUA ABTOPAMH MOJCITH
(oToHAa HE YIOBICTBOPSIOT IO COBOKYHNHOCTH MCPCUUCICHHBIM
CBOWCTBaM, CO3JAHHBIC KC TCOPHU  OrPAHUYMBAIOTCS  HC
MPOTHUBOPCYMBHIM OIMUCAHUEM CBOWCTB (JOTOHA U CBETA B LICJIIOM, HO
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HE BCKpPBIBAIOT CTPYKTYPY (OTOHA U HE OOBSCHSIOT, MOYEMY CBET
o0nagaeT MMEHHO TAKMMU CBOHCTBaMHU.

Kpome Toro, o6Hapy:keHO erie 0IHO CBOMCTBO, KOTOPOMY IOKA HE
MPUAAHO JODKHOTO 3HAYEHHSA. XOTS CBET M DJIEKTPOMArHUTHBIC
BOJIHBI CUMTAIOTCSA SBJICHHSAMH OJHOTO TOpSAKA, IOCKONBKY OHH
PaCIpOCTPAHSIOTCS ¢ OXMHAKOBOI CKOPOCTBIO (IPYrHX apryMEHTOB B
MOJTb3y OTOTO YTBEPIKIACHUS MPAKTHYCCKUA HET), TO 3aTyXaHHUC UX B
rmon Jlemo B TOM, YTO 3aTyXaHHWE CBETa B IOIYIIPOBOAAINECH cCpexe
(MopcKoii BOZE) 0OKa3aI0Ch TTOTHOCTHIO HE COOTBETCTBYIOIIMM 3aKOHY
3aTyXaHUs IJI0CKOH 3JIEKTPOMATHUTHON BOJIHBI B TAKOU Cpene.

Kak wm3BecTHO, mITOCKas 3JIEKTPOMArHWTHAS BOIHA 3aTYXaeT B
ITOTYTIPOBOMSINEH CPERE B COOTBETCTBHH € 3aKOHOM MakcBema Kak

HoltO®
(—)UZr

2
H=H,e . (2.1)
3mecy H, — HANpPSHKCHHOCTh MATHUTHOTO MO HA TIOBEPXHOCTH
pasaena Ccped, HampuMmep, Ha TMOBEPXHOCTH MOPCKOW BOXBI, U —
OTHOCHTCIBHAS ~MATHWTHAS TMPOHHUIAEMOCTh  CPCJIBI; c -
MPOBOAMMOCTE cpensl; @ = 2uf, f — wacrora sjaeKTpOMarHUTHOMN

BOJIHBI; I —pacCTOSHUE OT MIOBEPXHOCTH Pa3zeia Cpes. UTo

[IpakTnka OOHApyXHBAeT MOTHOC MOATBEP)KACHUC YKA3aHHOM
(dopMyJIBl  3aTyXaHUIO IUIOCKOW PaIUOBOIHBI B MOPCKOW Cpeae
MOJIHOE PACXOXKACHUE €€ C 3aTYXaHUEM CBETA B MPO3PAYHON MOPCKOU
BOJIE.

IMpu mpoBogmMocTd Mopckoii Boxsl 1 Om ™~ M Ha wacrore 1
Ml mpakTHUECKW TOMTHOE 3aTyXaHWE 3JIEKTPOMATHUTHOW BOJHBI
MPOUCXOAUT HA TIyOnHE B 3 M. YUUTHIBAs, YTO 3aTyXaHUE BOJHBI
MIPOMCXOIUT TIPOITOPIIMOHATIBHO KOPHIO KBAAPATHOMY OT YaCTOTHI,
W

ryra = \/(W (1.2)
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W IS 3ENEHOr0 CBETa IJIMHA BOMHBI coctaBuser 5,6-107 wm, uto
4 o

COOTBETCTBYCT YaCTOTC 5.10* Iy, MOJIy4acM ISl PAcCuCTHOW TI0

MakcBenny riryOuHY MPOHUKHOBSHHS CBETA B MOPCKYO BOAY Kak.

r,=r N (10710 =3.10%ym,

U TaKuM 00pa3oM, CBET JAOJDKEH Obl MPOHHUKATH HA TIyOMHY HE Gonee
uem 3-10% M = 0,3 mv. BumecTo 3TOro cBeT mpoHHMKACT HA TTYOHHY
mopsimka  150-200 m. Takum obOpaszoM, pacXxoKOCHHE TEOPHU C
MpaKkTUKOi 31eck cocrasisiet 6omee 5S00TeIC. pas!

Teopust OOBSICHSET 3TO TEM, YTO MOPCKast BOJA HA TAKUX YaCTOTaxX
TEPSIET CBOIO MPOBOAUMOCTD, MPUYHUHBI YETO HE OOBSICHSIIOTCS, HO Ha
caMoM JeNe 3TO He Oonee, 4eM MPEeanoNIoKeHUe, MOTOMY YTO HUKAK
HE UCCIIEA0BATIOCH.

Ha camom pgene 3TO 371E€MEHTAPHO OOBSICHICTCS TEM, HTO
CTpyKTypa (OTOHA HH B KOCH MEpPE HE COOTBETCTBYET CTPYKTYpPE
IUTIOCKOW PaJMOBOMHBI M B YKAa3aHHBIX pPacyeTax IMOTHOCTBHIO
HCKITIOUCHBl JBAa BAKHCHIIUX MOMEHTA — MPOMOPLMOHATBHOCTD
sHepruu (oroHa oOmemy uHcTy BHXpeEH, oOpasyoomux (otoH, u
BHYTPCHHSISI SHEPTHsI KaXXI0ro BUXPst (OTOHA.

k. Tomconom Oblma caenaHa TOMBITKA HOCTPOUTH BHXPEBYIO
mozxens (Qorona [2]. OmmHako ero Moaenp HE OTBEYATA JAKE
3NIEMEHTAPHBIM TPEOOBAHHUSAM OOBSICHCHHUS SIBICHUS TOSIPHU3ALIH,
MOCKOITBKY HMPOCTOE BUXPEBOE KONBLO, KOTOpoe ToMcoH mpeanaran B
KadyecTBe MoJeIu (GOTOHA, TAKUMH CBOMCTBAMHU HE 001a1aI0.

Bce ykaszaHHbBIC BBILIC CBOWCTBA CBETA JICTKO OOBSICHSIOTCS Ha
3(pUpPOINHAMHYIECKOH BUXPEBOI OCHOBE.

Ob6pazoBanue (oToHAa MOKHO TPEACTABUTh KaK PpeE3ybTaT
kosic0aHuii B 3(pupe BO30YKACHHOM 3JICKTPOHHOMN 000IOUKH aToMa.

JnekTpoHHas ~ o0omoYka ~— atoMa  OPEACTaBIsieT  coOoi
MPHUCOCANHEHHBIA BUXPb 3(Hpa, JOCTATOYHO yrnpyrui. Eciam mo Hei
HAHECEH yAap, TO HA HEH BO3HUKAIOT rOpOBI M BIAIMHBI, KOTOPHIC
COBEpILIAOT KOJicOaHus BOKPYT LeHTpa aroma. Cosepiuas konebaHus,
BO30Y>KICHHAsI BHHTOBAs BHXpEBas 000J0YKA B MPUIICTAIOMHX K €€
MOBEPXHOCTH CIOSX 3(upa B0o30YKIAAET BUHTOBBIC CTPYH, MPHUCM
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HampaBlICHHE TOKA 3(upa B CTPye COBHAJACT C HAIMPABICHUEM TOKa
3(upa B MOBEPXHOCTHBIX CIOAX OOOIOYKH. ITO JIETKO OOBICHUMO,
MMOCKOJIbKY JaBiicHHE d3(upa Ha HAOCTAIOUICH CTOPOHE OOOIOUKH
Oonplne, HYeM B HEBO3MYLICHHOW cpexe. BuuToBas crpys 3dupa
CO3JacT B OKpyXarmomeMm 3(QHpe CMCIICHHE B NPOJOIBHOM
OTHOCHUTEIBHO CTPYH HANpaBICHUH. Takas CTPys COOTBETCTBYET
3MIEMEHTAPHOMY BHMHTOBOMY AVILIETY B ruapomexanuke. Kak u B
KOKIOM rase, AYIUICT CO3MAeT BHXpeBoc TeucHHE cpeabl. OaHako
MOCKONBKY CTPYSI 3(pHpa MMEET BUHTOBOM XapakTep, TO U CO3JAHHBIN
3IEMEHTAPHBINA BUXPh TAKKE OYACT NMETh BUHTOBYIO CTPYKTYPY.

ITpu Bo3BpaTHOM ABHKEHUHU ropba 0OONOYKU HMPOTHUBOIOIOMKHAS
CTOpPOHA €€ CTaHeT HaOeraromeii, B pe3ympTaTe 4Yero Ha BTOPOIt
cTopoHe Oymer co3gaHa BTOpas CTpyHKa rasa, KoTopas oOpasyer
BTOPOU BHIXPb, TAKKE MMCIOIINH BHHTOBYIO CTPYKTYpy. O0a BHXps
CO3JAIOTCS TOOYCPEAHO, TMpHYEeM JABIDKCHHE ropba  000mouKku
OTTAJIKMBACT MOOYEPETHO 00a BHUXPS B HANPABICHUH WX OYyAYIIETO
JBIDKCHUSI, 3aJaBasi HAYAIbHBIA HUMIIYJbC OOpasyromeMycs (GpOTOHY
(puc. 2.1).

Puc. 2.1. OdpasoBanne (poToHa B030Y:KIEHHOIl DJIEKTPOHHOIT  0007109KOIH
aToMa: 1 —B030YX/IEHHBII aToM; 2 —HHIYIIPOBAHHAS CTpYyiika sdupa; 3 —IIOTOK
adupa MeXTy BUXPSIMU

JBmxkenne (OTOHA HAMPABJICHO B CTOPOHY JABMKCHUS 3(dupa Ha
MPUJICTAIOIIUX TMMOBEPXHOCTSIX €ro BHXPEH, T.€. TaK KE, Kak 3TO



CTpyKTypHAasi OPraHU3ANNA CBETA 267

ObIBACT M Y OOBIYHBIX KONBLEBBIX BUXpel. I[Tockomapky pazmepsl atoma
cocTaBIIoT, mpuMepHo, 10—10Mm, To U pasmep AymieTa JOKEH OBITh
TOrO E TOPSAKA. 3aMBIKAHHE XC OOPa30BAaHHOTO BHUXPS MOMKET
MPONCXOAUTh B  CYIIECTBCHHO Oompined  obmactd, KkoTopas
OrpaHWYCHA JMIIb MOSBICHUEM TNOCIEAyIomero Buxps. Takum
oOpa3oM, pa3mepbl BHXpEHl B (POTOHE OrpaHHYMBAIOTCSA HACTOTOH
KkonmeOaHUi  CcO3MAaBLIETO HMX  OCLIIUIATOPA —  BO30YXKICHHOM
3JICKTPOHHOM 000IOUKH.

®OTOH B BHJIE BUXPEBOM BUHTOBOH CTPYKTYPHI, COCTABICHHON M3
JVHEHHBIX  pacXomsuuxcs BUXped 5S¢dupa, PpacHonoKEeHHBIX
OTHOCHTEIBHO JPYr Apyra B IIAXMATHOM HOPSIKE MOKa3aH Ha PHC.
2.2. Takoe oOpa3oBaHHEC HMEET B T'HAPOMEXAHUKE AHAJIOT, TaK
HaspIBacMyl0 BuXpeBy0 nopokky Kapmana (puc. 2.3) [3-5]. B
JAHHOM CTPYKTYpE BHXPH OJHOTO psiAa BpAINAIOTCI B OJHOM
HAMPaBICHUH, BUXPH BTOPOrO psiia — B MPOTHUBOMOIOKHOM. J[nmuHoi
BONMHBI ()OTOHA SBISCTCS PACCTOSHHE MEXKIY LCHTPaMU BHXpEi
ogHoro psiga. Ilockombky kakaelii BHXph (POTOHA HMEET MAaccy,
JErKO BHIETh, YTO (POTOH SBASETCS W YACTULCH, W BOJHOU
OJHOBPEMEHHO.
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Puc. 2.2. Ctpykrypa $oTOHA: [IPOJIOIHHOE CeUeHHUE (a), MOMEPEUHOE CCUCHIE
ipu crmHe —1 (§), ToliepedHoe ceueHue Ipu crmHe +1 (B)

Buxpu, cocraBmsrompe (GOTOH, MMEIOT BHUHTOBYIO CTPYKTYPY,
CIECAOBATENbHO, BIONb OCEH 3TUX BHUXpPEH HMEETCs TOK 3¢upa,
KOTOpBIII B BUXPSAX HEPBOrO psja HANPABIECH B OJHY CTOPOHY, B
BHUXPSIX BTOPOTO psJa — B IPOTHBOINONOXHYI0. [lo oTHOmeHmMio x
3TOMY HOTOKY BUXPH BBICTYNAIOT TAKKE AYIIETAMU, TAK YTO IIOTOKH,
TEKYLIME BAONb OCEH BUXPEH, OYAYT MEPEXOAUTh U3 BUXPEH OTHOTO
psga B BHXPU BTOPOTO PsiAd, a C HPOTHUBOMNOJIOKHBIX TOPLOB,
HA000pOT, U3 BUXPEH BTOPOro B BUXPH NEPBOTO psiaa.
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)

Puc. 2.3. BuxpeBasi jopoxka KapMmaHa: a) — CTpyKTypa II0TOKOB; 6) — BUXpHU
Kapmana B Bojie. KaMepa JBIDKETCS BMecTe ¢ BUXPSIMH; B) — Jopokka Kapmana 3a
KpYroBeIM IummHApoM Ipu Re = 105;B sieBoif 4acTH BUJHA HavyalbHAs CTajus
00pa3oBaHUs JOPOKKH; T) MOJICTHPOBaHIE JOPOXKKH B BO3JYIIHON cpefe; 1) —
CTPYKTYpa ITOTOKOB BUXPEBOH JTOPOKKU Ha KOHEUHOM CTa/[MH CYIECTBOBAHIIS
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3aMbIKaHUE BHHTOBBIX BHXPEBBIX IMOTOKOB B TOPLAX BHXpEH
MPUBEAST K TOMY, 4YTO BHXPEBOC JABIDKCHHE HE OymeT
pacmpocTpaHATBCS 32 HPERETsl  y3KOH 30HBI  IIPOCTPAHCTBA,
npuieraromero k- porony. HUKakoro KoJbIEBOrO JIBMXKCHHUS B
okpyskaromeM 3dupe GoToOH HE CO3MACT M, CICAOBATCIBHO, OyaeT
BOCITPHHUMATECS KaK SIICKTPUUCCKH HCUTpATbHAS YACTHIIA.

Tak >x¢ Kak ¥ OOBIYHOEC BHUXPEBOC KONbBIIO, CHCTEMA JTHHCHHBIX
BHUXpEH OyAeT MePEMEIATHCS IPSIMOTUHCIHHO, MTOCKOJIBKY B HEH.

n n/2 n/2
I =21y + X215 =0, (22)
i=1 i=1 i=1

T. €. CyMMa LUPKYJSIHUA KOJBLIEBBIX CKOPOCTEH BCEX JHUHEHMHBIX
BHUXPEH paBHA HYIIO, WM, HHAYE, CYMMbI LUPKYILHA 000UX PSIOB
JVHEHHBIX BUXPEH pPaBHBI H MPOTHBOMOIOKHBI APYT APYTY.

ITockonpky HampaBlICHHHA OCEBOrO MOTOKAa B Ka)KIOM BHUXPE B
NPUHLUIE MOKET OBITh [Ba (IICBOBHHTOBOC IBIDKCHHE ddupa H
MPaBOBHHTOBOE), TO COOTBETCTBEHHO M CIIFH MOXKCT MMPUHUMATh JBa
3HA4YCHUs. TpeTbe 3HAYCHHE CIIMHA, PABHOC HYJIO, O3HAYACT, HYTO
0CEBOI0 MOTOKA HET M IMHEWHBIC BUXPH, oOpasyromue GOTOH, HU4eM
HE CckperuieHsl. Jlms nHHEHHBIX BHXpEH Takoe COCTOSHUE HE
YCTOWYHMBO, MO3TOMY BCS CTPYKTypa pa3o0beTcsi Ha OTHCIbHBIC
osicTpo audGyHAUPYIOIHUE KOIbIIA.

IIpu obpazoBanun ¢oroHa BO3OYKICHHOH OOOMOUYKOI aToma
MpOLIECC  ATUTCA OTHOCUTETBHO OONBIIOE BPEMs, TIPH STOM
o0pasyeTcsl 3HAUMTENBHOE Yncio Buxper ¢orona. M3 knaccuueckoit
TCOPUHM CBETAa M3BECTHO [22], 4YTO BpeMs U3IyYCHHSI CBETa
OJMHOYHBIM 2TOMOM COCTaBIISIET.

B’
T = —Zez, (23)
200
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rae Me U € — COOTBETCTBEHHO Macca U 3apsia 3JekTpoHa. Ecim BMecTo
(o B3SATh CPEAHION YACTOTY B BUAMMOM obmactu (A = 5.10" M, Te.
wo = 4-16° c—1 ), To, moACTaBIAA ME = 9:10* kr u e/mc = 1,76-10,
monyuaem 7~ 10°¢.

ITockonpky wacrora KomeOaHUH OCHMJIATOPA COCTAaBISET,
npumepro 10 'y, To merko BUAETH, YTO 3a BPEMs H3IyUCHH, T.C. 3a
BpeMsi, B TCUCHHE KOTOPOTO DSHEPrus YMCHBIIACTCS B € pas,
OCLIMITSITOP COBEPLIMT YNCI0 Konebanuit mopsiaxa 10,

CrnenoBatenbHO, (OTOH, MONYUCHHBIH B PEIYJIBTATS U3TYyUCHHUS
aroMa JO/UKCH MPEACTABIATh COOOM BHXPEBOE OOpa3oBaHUC
MPUOIU3UTEIPHO KBAJPATHOTO CEUCHHUS CO CTOPOHOW KBajapaTta,
paBHO#l mpumepHo 2\ m mmuHOW mopsiaka 106 %, T.e. mIMHHYIO
TOHKYIO HHUTh. [lpum mmuee Bomuel 0,5 MM (3¢7CHBIN I1BET)
sneMeHTapHblii Goron Oyaer mmerp pasmepsl Imxm xImkm x0,5 M.
Opnako anuHa (OTOHA MPU OJHOW U TOU KE ATUHE BOTHBI MOMKET
ObITe camoii pazmuuHoii. C momorupio stueek Keppa GoTroH MOkHO
mopyOuTh Ha YacTH JTFOOO0M [TMHBI.

®dOTOH WMEET KOHEUHYIO [UIMHY, IIOCKOJIbKY OOpa3oBaHue
KOKIOr0 BHUXPS BO3MOXHO JIMIOb MPHU OMPEACICHHOM 3HAYCHUU
konebaHusl BO30Y)KICHHOW OOOJOYKHM, W HAYHMHAS C HEKOTOPOro
MUHUMAJIBHOTO 3HAYCHHUS aMILIMTYIbl KOJICOAHUS! OCLULIITOPA,
BUXPb B cpeae Oomee HE oOpasyeTcs. OJTOT K€ MPOLECC MOXKHO
paccMaTpuBaTh U KaK OTPBIB YaCTH MACCHI 000I0UKH BO30YKICHHOTO
aToMa MpH Ka)KIO0M MOTYIEPHOIE ero KomeOaHusl.

N3BecTHO, YTO paccTOsIHUE MEKAY aTOMaMU TBEPAOTO TElIA PABHO
10"  wm, B TO BpeMs KAK MIMPHHA M TOIIMHA (POTOHA COCTABISIOT
mopsmka 100 m. CremoBaTensHO, Ha IIOMATM CEUCHHS OJHOTO
dorona ykragsactes 10° atomoB. DTo O3HAUACT, YTO B CO3JAHHH
Kak10ro ()OTOHa MPUHUMACT y4acTHE HE OJWH, & MHOIO aTOMOB,
otmaBas eMmy CBOKO dHepruro. CONMpOTHBJICHHE UIIYYCHUS IS
KQKJIOr0 aroMa Mpy 3TOM CHHU3UTCS, OHM BOWIYT B CHHXPOHH3M, a
BpeMsI H3IYYCHUS YBCIMUYUTCS MPOHNOPLHMOHAIBHO YHCIY aTOMOB,
VYACTBYIOIIUX B co3gaHuu ¢otoHa. Takum oOpaszoM, amuHa (oroHa
HE ABJISIETCS BETMUYUHOU HOCTOSTHHOM.
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OO6pa3syss coBMECTHO OOLIYI0O BHHTOBYIO CTpYIO 3dupa B
NPWICTAIOIUX K HUM OOJNACTSX, aTOMBI 3aTPAYMBAIOT HAUMCHBINYIO
SHEPTHUIO, €CIM OHM KOJEOMIOTCS CHHXPOHHO W cuH(pa3HO, nbo BO
BCEX OCTaJbHBIX CIydasx MEXKAy BO30Y:KICHHOH KOJICOTFOIICHCS
000T0YKON U CTPYCH BO3HHUKACT JOIMOJHUTCIBHOC BSI3KOC TPCHHC U
MMPOUCXOIUT 3aMEAJICHUE TEX aTOMOB, (ha3a KOTOPHIX omepeskact dasy
CTPyH, H, HaoOOpOT, CTpys, omepeauBmIas MO (ase OCLULIATOP,
HAYMHACT OTAABATh HCPTUIO ITOMY OCUUILISTOPY, B PE3Y/IbTATE YEro
OTCTAIOMIME ATOMBI MOATATHBAIOTCS K (hase crpyu. Takum oOpasom,
NPOUCXOAAT  B3aMMHAs  CHHXpOHHM3aums H  cuH(asupoBaHue
konebaHui BO30YKACHHBIX 000I0YEeK pasanyHbIX aToMoB. [Ipu sTom
OJIHOHAIPABJICHHBIC BUXPH (DOTOHOB, CO3JAHHBIX B COCEAHHUX
obnacTsx u3mydarens, OyayT MOATATUBATECS APYT K APYTY, CO3IaBas
obwe noroku (puc. 2.4).

7 7
% T T T2

CREee

N . -

Puc. 2.4. Coenunenne ¢oToHOB, 00pa30BAaHHBIX Pa3IMYHbBIMH aTOMaMIU, B
OOIIYI0 BUXPEBYIO CHCTEMY
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YBenuueHne 4rucia aToMOB, IPUHAMAIOIIUX YYACTHE B CO3AAHUU
(GOoTOHA, MPHUBOJUT HE TONBKO K YBEIMYCHHIO 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 JaBJICHHEC B CTpye, OOpa3oBaHHONH HECKOIbKHUMH JYILICTAMHU,
OyZeT TOBBIIICHO IO CPaBHCHHIO C JAaBICHHEM B CTPYE,
00pa30BaHHON OZHUM AYILUIETOM, 2 KPOME TOro, Npu (PUKCHPOBAHHOU
4aCTOTE YBEIMYCHIE MHTCHCUBHOCTH CTPYil MPUBEACT K MMEPECTPONKE
CTPYKTYPBI KQKIOTO BUXPSI, KAK 3TO MPOUCXOINT B Ta30BBIX BUXPSX, —
HAYHYT VIUIOTHATHCS CTEHKH, 00Inasi Macca M IJIOTHOCTh ras3a HaYHYT
YBETMIUBATHCS.

PeanbHBIC MCTOYHHMKM KOTEPEHTHOTO CBETA HUKOTJa HE OBIBAIOT
TOYCYHBIMH, HX I[UIOMAIb 3aHMMACT, KaK MHHHUMYM, HECKOJBKO
KBaJPaTHBIX MIJUTUMETPOB. MEXIy TE€M, CBET OT TAKOrO MCTOYHHKA,
OyIy4u pacCIICIUICH HA JABa Jy4a, a 3aTeM COOpaH Ha 00IIeM 3KpaHe,
CHocoOeH co31aTh HHTEP(EPEHIIMOHHYIO KAPTHHY. DTO 03HAYACT, YTO
(bOoTOHBI B 000MX JTy4axX HE TONBKO UMEIOT OAHY M TY K€ YaCTOTY, HO
U eauHyIo ¢aly, n00 MHAYe HUKAKOW WHTEP(EPCHUIMOHHONW KapTHUHBI
He monyuniock Obi. Ha puc. 1.4 mokazaHo, 4To (hOTOHBI OAMHAKOBOI
YacTOTHl CHOCOOHBI CO3JaBaTh CAUHYIO CHCTEMY, B KOTOPOH BCE OHU
Oyayt cuH(da3HBl. JTO KE€ O3HAYACT M TO, YTO B KAXKABIH MOMCHT
BPEMCHHM BCE aTOMBI IUTOIIATHOTO HCTOYHUKA KOTEPEHTHOTO CBETA
TaKKE CHHXPOHU3UPYIOTCS APYT C APYTOM.

O6pazoBanne (OTOHOB TPU COYOAPCHUH BNICKTPOHA U
MO3UTPOHA JOKHO CYLIECTBCHHO OTIMYATBhCS OT PACCMOTPCHHOTO
BBILIC, TIOCKOJIBKY MPOUCXOJUT OJHOKPATHOE B3aUMOJCHCTBHC
BUHTOBBIX TOponoB. Coymapsisich, 3JCKTPOH M TMO3UTPOH JOKHBI
paspyiiuThes U 00pa3oBaTh Apyrue ctpykrypsl. OAuH U3 BapUaHTOB
TaKOW MEPECTPOIKH MoKa3aH Ha puc. 2.5.
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Puc. 25 O6pa3zoBanne (oTOHOB NpH AHHOUTIISINAN JJIEKTPOHA 1
MO3UTPOHA

Kaxk OJICKTPOH, TaK W TO3UTPOH ACIATCI Ka)KI[LIﬁ Ha YCTBIPC
YaCcTH, MPOMCXOAUT IOBOPOT 3THUX HYaCTCH, B pPE3yJbTaTe HYero
oOpasyrores aBa (POTOHA, CIIHH KAXKAOTO U3 KOTOPHIX, BUANMO, PABCH
HYJIIO, HECMOTPSI Ha HAMUYHE OCEBBIX MOTOKOB. [lomyueHHbIE (POTOHBI
HE 00pa3yroT Ifyra BOJH, Kak ()OTOHBI, 0OpPa30BaHHBIC B PE3Y/IbTATE
u3aydeHus. atoMmoB. Pasnerarommecst ¢GoTOHBI OyAyT B3aUMHO
MEPHEHANKYISIPHO TTOISIPU30BAHBI.

Takum oOpa3oMm, (oOTOHBI, 00pa30BaHHBIC B PE3YJIbTATE
AHHUTUJIAIUKA  JJICKTPOHA U TO3UTPOHA, MAOJDKHBI CYIICCTBCHHO
oTauyarbesi OoT (POTOHOB, OOPA30BAHHBIX B PE3YIbTATE H3TYUCHHS
atomoB. Pasymeercs, Bce cCka3aHHOC [JO/DKHO  MOAJICKATH
3KCIEPUMEHTAJILHOM NPOBEPKE.

JHeprus CUCTEMbI BUXPEH B (POTOHE OMPEACISCTCS BHIPAKCHUEM
[23,c. 273]:

) cos
=— Zflfz [ ——dyda, (2.4)
4o =1 I
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rae 1y, 5 — MIHTCHCUBHOCTH Taphl BUXpEH, 1 - pacCTOsSHIEC MEXIY
ux ocsmu; Oy, dy — >IEMEHTBI ATHUHBI BUXPCH, 00 — YTOJI MEXIY
SJEMEHTAMH, MpUYeM JABOHHOH wuHTerpan Oepercs BAONb oceit
BUXPCBBIX HUTCH, & CYMMHPOBAHHNC BKIIOYACT BCC HAMYHBIC TMAPBI
HUTEHU IO OAHOMY pasy.

BugHo, 4ro 3HEPrust BUXPEBOH CHCTEMBI TEM OOJIBIIC, YEM
MCHBIIC PACCTOSHUC MCKAY BUXPSIMU. [ [OCKOIBKY paccTOsSHIC MEKIY
BUXPSIMH HAXOJUTCS B CTPOTOH MPOMOPIINOHATIBHOCTH C PACCTOSHUCM
MEXKAY BUXPSIMU, HAXOSIIUMICS B OXHOM PSIAY, T.C. C IIUHOW BOJTHBI
¢dortona A, To

E~— ~v, (2.5)
A

rae v — 4actora komebaHud (POTOHA, YTO HAXOAWUTCS B TMOTHOM
COOTBETCTBMHM C 3akoHOM IlmaHka, koTopelii  (akTudeckn
COOTBETCTBYET BBIPKCHHIO JUTS SHEPruu CHCTEMBI
B3aMMOCHCTBYIOIINX BUXpei. Buxpeii.

Ilpm comocraBnenmm 3akoHa Ilmamka ¢  mpuBEIECHHBIM
BBIPKEHUEM MOXKHO CIENaTh BBIBOJ O TOM, YTO BCE BHXpH (DOTOHA,
CO3JaHHBIE ATOMaMH, MMEIOT OJMHAKOBYIO BHYTPEHHIOI JHEPTHIO.
JTO HE OYECBHOHO, ONHAKO BO BHEMHHX 3((EKTax BHYTPECHHSISA
SHeprus ()OTOHOB HE MPOSBISICTCS, OTHOCHTEIBHO J>KE BHEIIHUX
nposiBicHui Heprun (oroHa 3akoH llmanka gocrarouno crpor. [lpu
CO3JaHUU KE HCKYCCTBEHHOI'O 3JEKTPOMArHUTHOTO HU3IYYEHUS 3TO
OOCTOSITETBCTBO  CTAHOBUTCS  BAKHBIM, IIOCKOJBKY  BO3HHKACT
mpoOjeMa HAKOIUIGHUS DJHEPrHM YK€ B KKIOM BHXpE NpHU
YBEIHYECHUH 3aTPAa4rBAEMON Ha €T0 CO3AaHME MOITHOCTH MCTOYHHKA.

B zakone Ilnanka m B ypaBHeHHSX MakcBemia MONTHOCTBIO HE
VUTCHA BHYTPCHHsI OJHepreTuka (POTOHA, cocTosIas W3 Tpex
KOMIIOHEHT !

SHEPTETHKH Ka)KI0TO BUXPH;

SHEPTeTHKH BCEH COBOKYITHOCTH BUXpPEH, oOpa3yromux GoToH;

SHEPrETUKHU CB3EU
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BHyTpeHHss1 SHeprus BpaweHuss 3(QUPHBIX CTPYH B cOcCTase
Ka)XA0TO 3QUPHOro BUXPsI B POTOHHOH CTPYKTYPE H OMPEACISCT €ro
WHTEHCUBHOCTB 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
JKEe Macce BHUXPSI TEM Menbme ero guamerp. llocnemnee
00CTOSITETBCTBO HEMOCPEACTBEHHO CIEAYET U3 MOJOXKEHUI ra3oBoit
JUHAMUKH.

ITockonbky ~ pazmMepel  TOPLOB  BUXpPEH  ONMpPEICTSIOTCS
paccTosHUEM MEXKIY MX OCSIMH U 3aBUCHT, CICAOBATECIBHO, TOIBKO OT
YacTOTBl CO3JaHMs BUXPEH, TO HAKOIUICHUEC DJHEPTUU JOJDKHO
MPOUCXOANUTh B LICHTPAIBHOH YACTH KaXKIOTO BHUXPS 3a CHET
VMEHBIICHHUS AUAMETPA 3TOH LICHTPANBHOW YacTU: YeM OOMbIIEe NpU
OJHOM M TOH K€ YaCTOTE DHEPTrUU 3aKa4aHO B KAXKIbIM BUXPb, TEM
MCHBINEC JODKCH OBITh JUAMETP €ro LEHTPaIbHOH uactu (KepHa).
[TosToMy kaxaplii >¢QUpHBIA BUXph (OTOHA B CEpeIUHE HMECT
VTOHYCHHYI0 M VIUIOTHEHHYIO 4acte (puc. 1.2), B KOTOpoO# u
HAKOILJICHA €r0 OCHOBHAsI SHEPTHsl. JTa ’KE YacTh M COICPIKUT B ceOe
OCHOBHYIO MAaccy BHXPSL.

JHepreTuka BCe COBOKYIHOCTH BUXper (poToHA pacnpenensercs
mo BceMy Teny (oToHa 3a CYET TOPLEBBIX MOTOKOB 3(¢upa,
MEPETEKAOMINX M3 BUXPEH OJHOrO psAa B BHXPU APYroro psza.
ITosToMy yTpaTta SHEpPruM TOJOBHBIM BHXpeM (OTOHA TMpH
MPEOJOJICHUN CONPOTHBICHUS 3(hHpa KOMIICHCUPYETCSI SJHEPTHEH BCEX
BHXpEi, 00pasyroumx GOoToH.

3mech claeqyeT pa3NuuaTh JHEPTHI0  KOPOTKOro  (OTOHA,
COCTOSILIIETO M3 MAJOro YMclia BUXPEH (MHHMMAIBPHOC MX HYHCIO —
TPU), M DHEPTUIO IIHUHHBIX ()OTOHOB, COCTOSINMX H3 MHJTHOHOB
Buxpeit. [Ipn Bcel 0aMHAKOBOCTH MX BHEUIHHX CBOWCTB — YaCTOTHI U
TTAHKOBCKOIH 3HEPrUM — MPOHUKAOLIAS CIOCOOHOCTh Y HUX OyAeT
CYLICCTBCHHO pa3Has; KopoTkue (HOTOHB OyAyT 3aTyxaTh B
MOTYHPOBOASIICH CPEAC 3HAUYNUTEIBHO OBICTpEE, YEM ATUHHEIC.

Taxum oOpaszoMm, BHyTpeHHss 3Heprus (oroHa Ky kak LeTbHOH
BHUXPEBOH CTPYKTYPBI CKIaIBIBACTCS U3 TPEX KOMIIOHCHTOB!
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— TUTAHKOBCKOH SHCPTHHM, VYUTHIBAIOIICH TOIBKO YACTOTHBIC
cBoiicTBa (hoToHAa,

— BHYTPEHHEH SHEPTUU KKIOTO BUXPS,

— DHEPTUM BCEH COBOKYNHOCTH BHXpPEH, MPONOpLUOHATIbHOU
YHCTY

BHXpEH B CTPYKType oToHA.

JT1a SHEPTrUs MOKET OBITh OMHUCAHA KAK

E(b = h’nEBv, (26)

rae ' — ko3 duupeHT MPONOPIIHOHAIBHOCTH, HEKOTOPBIH aHAIoT
nocrosHON [lmamka;, N — kommdectBo Buxper (koiacOanwmii),
oOpasyrouux Te10 GoToHa; [, —3HEPrus KaXKA0ro BUXPS; V —4acToTa
¢orona, obo3Ha"daeMast OOBIYHO B PAAMOTEXHUKE Yepe3 OykBy f.

N3 ykazaHHBIX ABYX OOCTOSTENBCTB — DHEPrUU BCErO TENa
(oTOHa, T.c. DHEPrHH BCEH CHCTEMBI €r0 BUXPEH M HAKOIUICHUS
SHEPTHU B LICHTPATBbHOU YACTH KKJOTO BHXPS — BBITCKACT BEChbMa
BKHOC CNEACTBUC. (OTOHHASI CTPYKTypa HE MOAYUHSCTCS 3aKOHY
MaxkcBemnna o 3aTyXaHuH B MOJIYIPOBOISIICH cpene.

Hns dorona, Tak xe kKak W A TrOOOTO0 MaTEepHATIBHOTO
oOpasoBaHus

E=E.+E, (2.7)

rac E. — BHewHss SHeprust (OTHOCHTENBHO APYTUX cHcTeM); Fi —
BHYTPEHHSISL ~ 3HEPIUSL. Buemnsst  sHeprus  mist (GOTOHa,
MEPEMEIAOIIETOC TOCTYNATEIbHO B NPOCTPAHCTBE, Kak M AMA
BCAKOIO MEPEMEINAOMIETOCA 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 SHEPTUU NEPEMEIIEHUS, T.C.



278 T'1aBa 2.

Ee :Ei. (29)

CnemoBaTeabHO, OOLIYyHO SHEPrut0 (HOTOHA MOKHO OBLIO Ol
MOJIOXKUTD, KaK 3TO U MPUHSATO, PABHOU

E,= mc (2.10)
JaHHOE BEIpAKCHHC B BHAC
dE, = c’dm (2.11)

nomydeHo Xesucaiimom B 1912 r. [24] Ha ocHOBE paccMOTpPEHUS
ypaBHeHHII MakcBenna U ¢ y4eTOM NPCANOIOKCHHNA O HAIUYHU B
npupoze 3dupa.

PaBeHcTBO SHEprmit MarHUTHOTO M JJIEKTPHYECKOTO TONEH B
(dotone

uH? eE?
Wy= — =W =
4 4%

(2.12)

3aCTaBJIICT CUHUTATh, YTO A KaXXJAOro TaKOro 1ol OSHCPrud
BpalICHUA M DSHCPrusd MNCpCMCIICHUA COIIPOBOXKAAIOMIUX IIOTOKOB
3(upa — TOPOUAATIBHOTO M KOJBLIEBOTO — TAKXKE PABHBI APYT APYIY U
Jutst 000UX TMOJICH OMHAKOBBI MEIKIY COOOA.

OnHako B MPHUBEACHHBIX BBIPAKCHUSX HE YUTCHA SHEPIHs KEPHA
(boTOHa, B KOTOPOM, COOCTBCHHO, M COCPEAOTOUCHA OCHOBHAS IO
Cro MaccCol 1 SHCPTHUU.

OmnpenenuM CpemHIO MIIOTHOCTh (POTOHA Ha mpuMmepe GoToHa ¢
AuHOM BomHBI A = 5107 M.

Ecau maccy oanoro Buxps ()OTOHAa ONPEACTHUTh M3 HU3BECTHOTO
BBIPAXKCHUS

E,= myc, (2.13)
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a TaKoKe y4ecTh, 9TO
Ey=hv=h 4, (2.14)
TO TIOTYYUM

h
=—, (2.15)
cl

3aece Ey —oHeprust porona; h —nocrosunas [Tnanka; v - vacrora
(dotoHa; A — qMHA €r0 BOJIHBI; ¢ — CKOPOCTh CBETA.
Macca omHOTO BUXPSI COCTABUT

6,6256- 16"
m, = ——— = 4,42.10° «r. (2.16)
3-108 -5-10
O6beM ogHOrO BUXpS (OTOHA MPUMEPHO PABCH BEIUUMHE
Vy, =45° (2.17)
U B JAaHHOM CJIy4ac COCTABIIICT BEIHIHHY
V, =4(5-10)° =5.10" o, (218
CraenoBaTenbpHO, CPEHSS MIIOTHOCTE (POTOHA OyAEeT paBHA

Piepr =My/Vy = 4,42.10°/5-10" = 10" kr-v™, (2.19)

T. €. CYILIECTBEHHO MEHBIIE IIIOTHOCTH ¢BoOOgHOro 3¢dupa. KoneuHo,
caM 1o ce0e Takol BHXPb MPOCTO HE CMOT ObI CYIIECTBOBATH. CBOMM
CYILIECTBOBAHMEM OH 0053aH KEPHY — LECHTPAIbHON YacTh, B KOTOPOIt
IJIOTHOCTh 3HAYUTC/IIPHO TOBBIIICHA IIO CPABHCHUIO C IIIOTHOCTBIO
cBoboanoro 3¢upa. [lonaras o6bem kepHa paBHBIM TPUMEPHO
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V, = 10d.’, (2.20)

VYHATHIBAS TAKXKE, UYTO MOYTH BCS Macca BUXPS HAXOAUTCS B KCPHE, H,
CIIEAOBATCIBHO, €0 INIOTHOCTh

pe =MdV, = my/10d.2 < p, (2.21)

TO ecyu Obl TUIOTHOCTh KEPHA OblIa OBI TOM K€, YTO U IIOTHOCTH
- 7 -3
nporora (p, = 4-10” kr-m™®), To AMamerp kepHa POTOHA COCTABHI
OBl

my
de= (—)"*= 108 M. (2.22)
10p

Opnnaxo ecnu Obl 3TO OBLJIO TaK, TO MPOHHUKAIOIIAS CITIOCOOHOCTD
cBeta Obuta OBl BO MHOrO pa3 Oonbllie peajbHO CYIICCTBYIOLICH.
HO3TOMy XOTd AUaMCTP KCPHa W 3HAYUTC/IbHO MCHBLIC IUaMCTpa
BUXpsi (poToHA, HO He B Takod crtereHH. OpPHUEHTUPOBOYHO MOXKHO
npearnojaratb, YTO0 AUaMCTp KECPHaA BCCro JIUIIb Ha ABA—TPU IOpSAAKa
MCHBIIE AUaMeTpa BUXps (HOTOHA.

N3 pacyera mmotHOocTH (OTOHA BBITEKACT TaKXKE H©  TO
00CTOSTENBCTBO, UTO B MH000M cpene B (POTOHE YUACTBYET HHUTOKHO
mamas vactb d¢upa. Pasymeercs, mpuBemCHHBIC pPacCUYCTBl HOCAT
BeCbMa NPUOMIDKCHHBIA Xapakrep. OZHAKO U3 HU3JI0KCHHOTO YXKe
BHIHO, IMOYeMY (DOTOHBI CBETA HE B3aUMOJICHCTBYIOT APYT C APYIOM:
BEPOSITHOCTh COYAAPCHUS KEPHOB MCYC3AIOIIE Maia, U AAXKE B CIydac
MPSIMOTO COYAAPEHHSI KEPHBI (JOTOHOB MPOCTO OOOTHYT APYT Apyra,
M30CTHYB NOPSMOrO coygapeHus, a Tena (OTOHOB CBOOOIHO
MPOHUKAIOT CKBO3b APYT ApYra.

Takum oOpa3oMm, Hamu4uWe YIDIOTHEHHOTO KEpHA, € OXHOU
CTOPOHBI, TMO-WMHOMY 3aCTaB/SICT MPEIACTABUTh CTPYKTYPY (OTOHA,
HEXKENU 3TO ObLTO OBl B HEC)KUMAEMOU Cpele, a ¢ JPYrol CTOPOHHI,
OOBSACHAIOT (akT yCTOWYMBOCTH (DOTOHOB M OTCYTCTBHE HX
B3aUMOJAECUCTBHSI IPYT C APYTOM.
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Hamvure xepHa B kaxkaoM Buxpe (OTOHA W I[yra BHUXPCH
OOBSICHSICT TOBBIIICHHYIO MPOHHUIIAEMOCTh CBETA B MOPCKOW Cpexe.
Ecmu ucxomuTs U3 TIPEACTABACHUN COBPEMCHHOM DJICKTPOIUHAMUKH,
TO TP CBETOBBIX YACTOTAX, COCTABJISIOLIINX 10*-10" T, 3aTyXaHHUC
CBETa B MOPCKOH BOJC, MMCKOIICH MPoBOAMMOCTh mopsaka 1-10
CumeHc/M, JOMKHO TPOMCXOAWTh HA TIYOMHE B  HECKOIBKO
MULTAMETPOB. PeanpHas jke MpOHMKAIOMAs CHOCOOHOCTh CBETA
cocraBmsier 100-150 M, uro Ha 5 mopsakoB Bbimie. QOBIYHBIC
MOMBITKA OOBSICHUTH TOT (hakT YMCHBIICHUCM MPOBOJAUMOCTH BOJIbI
HA OJTHUX YACTOTaX HHMKAKOTO OOOCHOBaHHMS HE HWMCKIOT. Takum
00pa3oM, HaMKIO O4YEPEIHON mapaIoKce.

OnxHako ecny y4ecTh BBIMICH3IOKCHHOE O CTPYKType (OTOHA U
KaQXIO0TO €ro BUXPS, TO MCXaHMW3M NMPOHHUKHOBCHHS (POTOHA B BOAY
craHeT 0ojice OueBHACH: dHEprus ()OTOHA BOBCE HE 3AK/IFOYACTCS B
HEM, KaK B IIOCKON 3JICKTPOMArHUTHON BOJIHE, OHA COACPXKUTCSI B
KEpHaxX M BO BceM Tene (POTOHA, COCTOSIIErO M3 OOJNBIIOro YuCia
BUXpEH.

N3 pacyera mmotHocTH (OTOHA BBITEKACT TaKXKE H©  TO
00CTOATENBCTBO, UTO B MH000M cpene B (POTOHE YUACTBYET HHUTOKHO
Manas 4actb 3¢upa.

2.2. IlepemeiiieHue (pOTOHOB B IPOCTPAHCTBE

Paccmorpum  ocobGenHocTr  mepemerneHusi  (DOTOHOB B
IIPOCTPAHCTBE.

ITpuunHoit ABMXKEHUS (POTOHA KAaK CHUCTEMBI JHHCHHBIX BHUXPEH
SIBIISICTCS, TAK YK€ KaK M U1 OOBIYHOTO BHXPEBOrO KONBLA, CO3JAHHE
IIOTOKOB ra3a B CPEA€ 3a CUET BHXPEBOrO ABIDKEHHS 4acTeil caMoro
¢orona. B sTOoM cmpicie 3akoHBI IBIKEHUS ()OTOHA HE JOJKHEI
MPUHLUIHATPHO OTIHYATBCS OT 3aKOHOB JBIDKCHUS OOBIMHBIX
BHUXPEBBIX KOJIEII.

ITpu popmuposanuu GoToHa, Tak ke Kak ¥ mpu GopMHpOBAHUU
BUXPEBOTO  KOIBIA, TIPOMCXOAWT CXATHE BHUXPA JaBICHHUEM
OKPY>KaroIIEel Cpeasl, YTO MPUBOAUT K YBEIMUCHHIO SHEPTUN BUXPS U
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VYMEHBIICHHIO ero auameTtpa. OTIHYUTeIbHON 0COOCHHOCThIO (POTOHA
SABJIICTCL TO, YTO B MOMCHT O6p3,30BaHI/IH CXKATUIO TOABCPracTeCs
[JIaBHBIM 00pa3oM, LCHTpajbHAs dYacTh JIMHCHHOrO BHUXpS, B
pe3yabTaTe dero u obpasyercs kepH. B gampHeiimem B mpouecce
JBIDKCHUST SHEPrusi (OTOHA TOJIBKO PACXOAYETCS, B OCHOBHOM Ha
MPEOTOICHUE BSI3KOTO TPSHUS d(upa Mpu BpaICHUHN BUXPCH.

B nocTynaTrcjibHOM ABUXKCHUUN (bOTOHa, TaK K€ KaK U B ABMKCHHUHN
BHUXPEBOr0 KOJNBIIA Ta3a, CACAYCT pa3nuyars Tpu dtamna [6-9].

IepBsiit aTan ABMKEHUS —3TO ABMKEHUE (DOTOHA Cpas3y ke MOCie
ero obpasosanus. Kak v 171t BCSIKOro BUXPEBOro KOIbL@, B (OTOHE
BCC OCHOBHBIC MEPEXOJHBIC MPOLIECCHI, CBSI3AHHBIC C YCTAHOBICHUEM
€ro CTPYKTYPhI U CKOPOCTH JODKHBI OKOHYHUTHCS HA MPOTSDKCHUHU (4—
5)A (ams kKombLA — HA MPOTsHKEHUH 4—5€ro AMamMeTpos), T.¢. Ha IMyTH
nopsiaka 5-10—6 M u Bpemenn nopsiaka 2-10-14.

HauaneHast ckopocts IBmkeHHs (DOTOHA HE paBHA CKOPOCTH
CBETAa — €r0 YCTAHOBHBLICHCS CKOPOCTH, MOCKOJIBbKY Macca 3¢wupa,
oOpasoBasiero (pOToH, MOKOMIACH OTHOCHTEIBHO aroMa. JTa Macca
s¢pupa o0razacT MHEPUUOHHOCTBIO, CICAOBATENBHO, Pa3roH (oroHa
JAOJIKCH IMMPOUCXOAUTD IO SKCIIOHCHIUAJIbHOMY SaKOHy:

Vo=c—(c—co)e (2.23)

Hcxoas u3 M3M0KEHHOr0, MOXHO TMOJIOKHUTh, YTO IOCTOSIHHAS
BPEMCHH pa3roHa (otoma Haxommrcss B mpegemax 107'-107%.
Koneuno, ams pa3muvHBIX AJMH BOJH IOCTOSHHAS BPEMEHU OyaeT
pa3Hoii.

VYuutsiBas, ut0 (GOTOH, 0OpPA30BAHHBIA H3ITYUYAOLIMM ATOMOM,
MPEACTABIISICT COOOH LyT BUXPEH, MPUXOAUTCS CUUTATh, YTO B OJAHOM
U TOM k¢ (pOTOHE BO BpeMs ero oOpa30BaHUS MPOTCKAKOT Pa3THUHBIC
mporLecchl. B Toit yacTu, KoTopas mocjiae BUXpPeoOpa3oBaHus OTOLLIA
OT U3IYYAIOLIEro aroMa Ooee YeM Ha ISTh AJTHUH BOITH, BCE OCHOBHBIC
MPOLICCCHI YK 3aBEPIIUINCH, B TO BPEMs KaK B TOM 4YacTH, KOTOpas
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HAXOAWTCA BOMM3M aTOMA, 3TU MPOLECCH €INE IMPOJODKAFOTCS.
IocrossHHy!0 BpeMeHH pasroHa (OTOHA CIEAYyeT OTINYATh OT
MOCTOSIHHOH BPEMEHM IIONEPEYHOro cMmewmeHus (OTOHA mpu
MOMAJaHUU €ro B TONEPEYHYID OTHOCHTEIBHO  HAIPABICHUS
OBWKeHHS (GoToHa cTpyro 3¢dupa. IDTa MOCTOSHHAS BPEMCHU
OIPEAENAETCS CHIION IOIEPEYHOro AABICHUS S(UPHOTO IOTOKA HA
KepH (oroHa M Maccoll KEpHAa, W OHA BO MHOrO pa3 OombIme
MOCTOSIHHON BPEMEHHU MPOJONBHOTO ABIDKCHHS (DOTOHA.

Bropsim sTanom gBukeHHS (POTOHA SIBISIETCS €rO YCTOHYMBOE
JBIDKCHIE HA BCEM OCHOBHOM ITyTH, 3aKIIOUCHHOM B nHTepBane 107
10°° M u Bpemenm cymecrBopanms mopsaka 107-10° ¢ (zecarkn
MIJUTHAPIOB JICT).

Pagnyc Buxpeit poTOHA, Kak U BCSKUX ra30BbIX BUXPCH, U JITUHA
€ro BOJIHBI PACTYT CO BPEMECHEM I10 3aKOHY [25]

AR() = a(V)L(D), (2.24)

rae o — manbiii mapamerp. s BO3AYIIHBIX BUXPCH 3Ta BEIUYHMHA
pasua 0,01-0,001a qnst aupa CyIECTBEHHO MEHBIIIC.

VYuutsiBas, 4t0 ()OTOH B MOMCHT 00pa30BaHUS MMET HEKOTOPHIC
HAYaIbHBIC IMHY BOJHBI M Pa3Mep, MPABUIbHEE JAHHOC BBIPAKCHUC
3ammcaTh B Buze [26]:

R(t) = R, + aRL(t), (2.25)
Nniin
2 () =0 + o L(1) (2.26)

ComocraBisss JaHHOE BBIPAKCHHE C 3aKOHOM XaO0ma <«xpacHOro
CMEIICHUSD» CIIEKTPOB

h=lo  L(t)
= —=H —, (2.27)
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rae H = 3:10" ¢! —nocrosanas Xa66ma, momydaem

H
A =l +ho—L(1), (2.28)
c
T.C.
H 3-10®
o = do— =)o =10%% . (2.29)
¢ 3-108

— 7 _ . N
Jlnst Ao = 5:10° M mmeem al = 5-10%, TpoiinenHoe BUXpeBOit
CHUCTEMOU PACCTOSHUE OMPCACIACTCS BRIPAKCHUCM

Ro avo
L(t) = —[(1 +4 —)"*—1], (2.30)
a Ro

YTO MPUMEHHUTENBHO K (DOTOHY HACT, cuutas avy R, = 2H,

ct

L(t) = [(1+ &)Y *—1]. (2.31)

Ht
CO0O0TBETCTBEHHO CKOPOCTh (POTOHA COCTABUT
c
cp = — (2.32)
(1 + 8'“:)3/ 4

CrnemoBaTeabHO, CKOPOCTh (POTOHA HENIb3SI CUUTATH MMOCTOSTHHOM.
OHa yMCHBIIAETCA CO BPEMCHEM, XOTs, €CIM Y4ECTh, 4TO (POTOH
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SIBIIIETCS CHUCTEMOM IMHEMHBIX, a HE KOIBLEBBIX BHXpEH, 3Ta
3aBHCHUMOCTh HE JOJDKHA OBITh TAKOH CHIIBHOW, KaK 3TO CICAYET W3
BeIpakeHus (2.32),1pu TOYHOM BBINOJHEHUH KoToporo mpu Ht = 1
ckopoctb (porona cocrasut Beero 0,37.

Otnuune cBOWCTB OTOHA OT CBOWCTB KPYrOBOTO BHXPS CICIYET
HCKaTh B PA3HOCTH IUIOTHOCTCH Tena (oToHAa M cpedpl, B OTIUYHU
(dopM TOTOKOB cpenpl, co3aaBacMbIX (POTOHOM, OT (popM MOTOKOB
Cpeabl, CO3AaBaCMBIX KPYTOBBIM BHXPEM, B HEJIMHCIHHBIX SBICHUSX HA
rpaHuLax BUXPEH, B YACTHOCTH B MOTPAHUYHOM CIIOC, a TJIaBHOE, B
HAIMYUMA B JTUHCHHBIX BUXPSX (POTOHOB YIUIOTHCHHBIX KEPHOB, UTO B
COBOKYITHOCTH  OOYCJIOBAMBACT OOJCE BBICOKYIHO CTAOMIBHOCTH
(hoToHa, yeM OOBIYHBIX BUXPEH.

IToncranoBka BeIpakeHMs 3akoHa Ilmanka B 3akoH XaObma
«KpacHOro cMeIeHus» CrekTpoB Aaiekux ramaktuk [10] mossomser
YCTAHOBUTH 3aKOH MOTEPH JOTOHOM IHEPTUH 32 BPEMs BTOPOTO 3Tarna
ero aBmwkeHus. Kak U3BECTHO, TSl CIIEKTPOB 3BE3] JATCKUX TaNnaKTHK
XapaKkTepHO HAIWYHME TaK HA3bIBAEMOIO «KPACHOTO CMCIICHHI»
CIOCKTPOB B CTOPOHY VYBEIMYCHHS JUIMHBI BOMHBI. ACTPOHOMOM
Xab0moM BBIBEJACH 3aKOH «KPACHOTO CMCLICHHUSD», HMONYYUBIIUN €ro
UMSL

z= =H—, (2.33)

rae Ao — JAMHA BOJIHBI UCTOYHHKA CBETA, A — JJIMHA BOJHBI CBETA,
MPHUHATOro HabmogareneM; L — paccTosiHHE OT MCTOYHHKA CBETA J0
nabmomatens; ¢ — ckopocts cera; H = 3-10" ¢! — nocrostamas
Xab66ma (T = 1/H = 3,3-101¢ = 10° ner).

JHeprus (oroHa onpeaensercs 3akoHoM [ lnanka

E=tv. (2.34)

VuureiBas, 9to
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A=clv, (2.35)
HOJIy4acM
. E,—FE AE AL
z= = =-H : .38)
E E c

Wnu B mpenene

dE d
—=—H — .32)
E C

Wnterpupyst u yuurteiast, uro mpu L = 0 E = E,, monyuaem:

¢ _10—26L _ lo—lOt

E=FEsg =Fe =Fe , (2.38)

rae paccrosinue L n3Mepsiercst B MeTpax, a Bpems t —B rogax.

Taxkum 0Opa3oM, MOTYYAETCS €CTECTBCHHBIN 3KCIOHCHIIHATBHBIH
3aKOH YObIBaHHS OSHEprud (OTOHA, HYTO MOXKHO CYHTATH HE
pesynbraToM «pasberanus BceeneHHoit», kak 3To ceiiyac MpHUHATO, a
PE3yNbTaTOM BSI3KOCTU 3(upa, B KOTOpoM mpoxomuT (oroH. Bpewms,
3a KOTOPOE JJWHA BOJHBI (OTOHA yBENWUMBACTCS  BIBOC,
OTIPEIENSETCS U3 COOTHOLICHUS

A2 E, t/3,3.167
=¢ =2, (2.39)

)\40 E2

OTKyJa
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t=3,3-161n2=2,31-16 ¢ = 7-18 ner. (2.40)

Tperuii stan aBwkeHus (GOTOHA HACTYIAST HA MOCICIHEH CTaquu
€ro cymecTBoBaHus uepe3 Bpems nopsiaka 10—20mapa. et mocie ero
oOpasoBanus. 3a 310 Bpems (OTOH TepsieT dHepruto B 2,7—7,3 pasa.
ITorepst sHEpruM (HOTOHOM JOMKHA CKA3ATHCS HA €r0 YCTOWYIMBOCTH.
Crtpykrypa ¢oToHa pa3pyliacTcs, KEPHBI Yy»KE HCUEPHATIN CBOIO
SHEPTUI0 M HE CYUICCTBYIOT, (OTOHBI APOOSATCS HA OCKOIKH,
COyIApSIIOTCSL OPYr € JOPYrOM W O0pasyioT, €CIH MOXKHO Tak
BBIPA3UThCs, «POTOHHBIN ra3», B KOTOPOM OHH CTAITKUBAIOTCS APYT C
JPYroM U TEPSIIOT IEPBOHAYATIBHOC HANPABICHHE.

[To anamormu ¢ KONBLEBBIM BHXPEM Ha 3TOM 3Tame JOKHO
MPOUCXOANUTh TOPMOKEHUE M B HanbHeimem anddyHIUpoBaHUE U
mepexoq wmarepun 3¢dupa, oOpasyromiero (OToH, B CBOOOAHOC
COCTOSIHUE, HE CBSI3aHHOC C BHXPEBBIM JABIDKCHHEM. BepostHo, 4to
(hOTOHBI Ha TPETHEM 3TAIEC UX CYLICCTBOBAHHS BOCIPHHUMAIOTCS KaK
Tak Has3eiBacMoe (POHOBOEC («PETMKTOBOC») M3TYICHHE KOCMUYIECKOrO
mpoctpancTia [11], u yik, mo kpaifHe#t Mepe, IBISIOTCS €ro YacThIO.

[IpuBeacHHEICE COOTHOIICHWS HAXOIATCSA B  KAYECTBCHHOM
COTTIACHH C WM3BECTHBIMH TNpEACTaBiIcHUSIMH O Anddy3um Buxpeil B
cpemax [9].

2.3. «kKpacHoe cMenieHHe» CIEKTPOB JAJEKUX raJIaKTHK

«KpacHOe CMEIICHHE» CIEKTPOB [JAICKUX TaJakTHK 3TO
MOHIDKCHUE YaCTOT JJIEKTPOMATHHUTHOTO H3ITYYCHUS, HCITYCKAEMOro
3Be3namu. CuHTacTcs, YTO TaKOC MOHIKCHHE YaCTOT CBS3aHO C
JOIUICPOBCKUM  3(P(PEKTOM U CBHUACTCIBCTBYET O PACIIUPCHHH
Bcenennoii. Camo pacumpenne BceenenHoit ecTh pe3ynmbTar
Bospmioro B3psiBa CHHIYISPHOH TOYKH, B KOTOPOW KOrga-To Oblia
cocpenoroucHa Best Macca Beenernnoit Ilocne B3pbiBa Best Macca crana
pasmeraTtbes, YTO W MPOUCXOAUT OO CHX TOp, O YeM ©
ceuzerenbcTByeT «KpacHoe cmemenue» [12].
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«KpacHbIM» MOHM)KCHHE YaCTOT HA3BaHO MOTOMY, HYTO CIIEKTP
YacTOT CMEINACTCS K KPacHOMY KOHIY CIEKTpa, T.6. K Oomee
JUTMHHOBOJTHOBOMY, 4eM BOJHBI (uomeroBoii wuactu. KpacHoe
cMemieHHe  OblI0  OOHApPYEHO  aMEPHKAHCKAM  aCTPOHOMOM
B.Cnaiipepom B 1912-1914rr., a B 1929r. amMepuKaHCKHA acCTPOHOM
9.Xabba yCcTaHOBHWII, YTO CICKTP OT OO0JCC MAICKUX TalaKTHK
CMELIACTCS CUIIbHEE, YeM OT ONM3KUX, H BO3PACTACT HNPUOUIUTEIHHO
MPONOPLUUOHANBHO PAacCTOsSHUIO. B pesyaprare OBl yCTaHOBIICH
3aKOH  VJUIMHCHUS ~ BOJH  OJICKTPOMArHUTHOTO  H3IYYCHHS,
MOTYYMBLINIA Ha3BaHHE 3aKoHa Xa00ma [10]:

Vo A

OdummaneHas  kocMomorust — Tpaktyer  ¢akr  «KpacHoro
CMELICHUS» COBEPIICHHO oAHO3HauHO: «KpacHoe cMmerneHHe»
CICKTPOB TalaKTUK 3TO JOIJICPOBCKUN CIABHT YaCTOT B  PE3yIbTaTe
pacupennsi BceneHHoM, mpuyeM CKOPOCTb paszOeraHus TrajaKTHK
TeM OONbIIE, YeM JaNbIIC OHM HAXOISATCS APYr OT apyra. Xabom
BBUSICHWJ, YTO YEM JaNbIIC OT HAC HAXOOUTCS TalaKTHKa, TEM C
OosplICH  CKOPOCTHIO OHA yOAMICTCA. OJTO CaMoO¢  SIBJIICHUC
LEHTPOCTPEMUTEIBHOTO  «pasderanus» BuauMod BcemeHHoit ¢
HApacTaroWEld CKOPOCThIO MO MEpE YAAICHUS OT JOKAJbHOU TOYKH
HaOIFOICHYSI U TIONTYYMIIO HAa3BaHUE 3akoHAa Xa00;1a. MaremaTuuecku
OH (hOPMYIUPYETCS OUECHb MPOCTO:

v=Hr

rae V— CKOPOCTh VAAJICHUS TaJaKTUKKA OT HAC, I — PacCTOSHUC J0
Hee, a H — Ttax wHaseBaemas nocrossHHas XaoO6Oma. Ilocimemuss
OTIPCACITACTCA  OKCICPUMCHTATBHO, W HAa CCTOAHSIOHMNA  JCHb
oreHnBaeTCsl kak pasHas mpumepno 70xm/(c-Mnk) (kumomerpoB B
cekyHIy Ha  wmeramapcek; 1Mok — npuOmu3MTeIbHO — paBeH
3,3MUIITHOHAM CBETOBBIX JICT). A 5TO O3HAYACT, YTO TaJAKTHKA,
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yaaneHHas oT Hac Ha paccrosiuue 10meramapcek, yoeraer ot Hac co
ckopocteio  700xkm/c, ramaxTtuka, ymaneHHas Ha 100Mmk, — co
ckopocteio 7000km/c, u T. 1. U, x0T msHavaneHo Xab06m mpuimen x
3TOMY 3aKOHY [0 PE3YJIbTATOM HAOMIOJACHUS BCErO HECKOIBKHUX
OMKANIINX K HAM TaJIAKTUK, HU OJHA U3 MHOKECTBA OTKPBITHIX C TEX
mop HOBbIX, BCE Oojice yaaneHHbx OoT Mueunoro Ilytu ramaktuk
BUAMMOM BceneHHOM M3-110 ASHCTBUS DTOrO 3aKOHA HE BBIMAJACT.
Ha camom gmene «KpacHoe cmemeHme», Kak (QYHKIMOHATbHAS
3aBHUCHMOCTb OJHHUX BCJIHYHH, B JAHHOM ClIy4ac, U3MCHCHHE YaCTOT
CIICKTPOB, OT APYrUX BEJAMYWH, B JAHHOM CJIy4ae, OT PACCTOSHUS
MEKIY TaJaKTHKAMH MOXKET HMETh OCCYMCICHHOS MHOXKECTBO
TPaKTOBOK, B TOM YHC/IC, HC HMCIOIIMX HHKAKOTO OTHOIICHUS K
«pa3beraHuio» ramakTMK © pacmmpeHuto Bceenennoit. Ho B
OOBECKTUBHBIN aHAIN3 BMCIIMBACTCSA IMOJATHUCCKAs COCTABIIAIOIIAS —
3aMHTEPECOBAHHOCTh B TOM, 4YTOOBI [JaHHBIA (DAKT TMMOATBEPAUIT
CYLISCTBYIOILIYIO MapaaurMy, B gaHHOM ciay4dae, — OOyt Teopuio
otHocuteabHOCTH OJitHinTeitHa. [losTtomy apyrue TpakToBKHM HE
paccMaTpUBAIOTCS, a JOIUICPOBCKAsST TPAKTOBKA, OTBCYAROLAS
[TOCTABJICHHOH LIC/TH, MPEMOAHOCUTCS KaK CIMHCTBEHHO BO3MOKHAS.

2.4. ®oHoBOE H3IyUEHHE

®onoBOE  M3TyueHHME (MIH  KOCMHHYECKOE MHKPOBOTHOBOE
(¢oHOBOC wW3TyUECHHE OT aHriI. COSMIC microwave background
radiation)[11] — kocMUHYECKOE 3JICKTPOMATHUTHOE M3IYyUCHHE C
BBICOKOW CTENECHBIO HU30TPOIHOCTU H CO CIIEKTPOM, XapaKTCPHBIM IS
abcomoTHO uépHOro Ttema ¢ temmeparypoi 2,725 K. Tepmun
PCIMKTOBOC  HM3NTYyYCHHE, KOTOPHIH OOBIYHO HCIONB3YETCS B
PYCCKOSI3BIYHOM JUTEpaType A1 0003HA4YCHUS (DOHOBOT'O H3IYUCHUS,
BBEN B ynorpeOnenue coserckuii acrpodusuk W. C. krosckuii [13],
mojarasi, 4to STHM IOTYECPKHBACTCS MpPOUCXOKIcHHE BceneHHoit
BcaeacTeue «boipmoro B3pEIBa» HEKOEH CHHTYISPHON TOUKH, B
KOTOpO# Hekora Obliia cocpeoTo4YeHa Besl Macca BeeneHHoid. .
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PenukroBoe m3myuenune Obio mpeackazano I'eopruem ['amoBbIM,
Pansdom Anmpdepom u Pobeprom I'epmanom B 1948rony Ha ocHOBe
CO3JaHHOI MMH TIEpBOIl Teopum ropsiero bombsimoro B3peiea. bomee
toro, Amedep um I'epMaH cMOriaMm yCTaHOBHTBH, YTO TEMIIEpaTypa
PEITUKTOBOrO H3aydeHus powkHa cocraBimith 5K, a I'amos man
npenckasanne B 3 K[2]. XoTst HEKOTOpBIC OLICHKH TEMITEpATyphI
MPOCTPAHCTBA CYLIECTBOBAIM M A0 OTOro, OHU obnajzanu
HECKOJBKAMH HeAocTaTkaMu. Bo-miepBhIX, 3TO OBLITH M3MEPEHHSI JHIIb
3¢ dexkTuBHON TeMITEpaTyphl TPOCTPAHCTBA, HE HPEAIIONAraIOCh, YTO
CHCKTP W3IYYCHUSI MOTUMHsCTCs 3akoHy Ilnanka. Bo-Broprix, oHu
ObLTM 3aBHCHMBI OT HaIIero 0co0Oro pacmoNoKCHHsI Ha Kparo
ranaktukn Mneunsiid IlyTe m He npeamomaramm, 4TO H3IyUECHUE
n3otponHo. bomee Toro, oHm OB JadM COBEPIICHHO JApYTHE
pe3ynbTaThl, ecau Obl 3eMIlsl HAXOOWIACh TAC-THOO0 B APYTOM MECTE
Bcenennoii.

JKCIEPUMCHTANBHO CYLIECCTBOBAHKUE (POHOBOTO M3IYyUCHHS OBLIO
moaTeepxkacHo B 1965 rogy, u B 1978 roay Ilensmac u Buscon
(CIOA) monyuman HobGeneBckyro mpemuro 3a ero otkpsitue. B 1983
rogy Obu1 mpoenéH tmepBeiii  okcnepument, PEJIMKT-1, no
U3MCPCHHUIO PEIUKTOBOTO HM3IMYy4YCHHS C 0OOpTa KOCMHYECKOrO
armmapara. B suaBape 1992 roma Ha OCHOBaHMM aHaIM3a AAHHBIX
skcnepumenta PEJIMKT-1  poccuiickue yuéHble 0ObsiBHIIH 00
OTKPBITHHM aHHW30TPOIIMU PEITHKTOBOrO W3daydeHHs. JlunompHas
AHH30TPONUSI COOTBETCTBYET ABIKCHHIO COMHEYHOW CHCTEMBI IO
HarnpasJICHHIO K co3Be3auto JIeBrr co ckopoctero = 370km/c[5].

Hapsiny ¢ KOCMONOrHYECKUM KPACHBIM CMCELICHUEM, PEIHKTOBOC
M3IYYCHUE PacCMaTPUBACTCSl KaK OJHO M3 TJAaBHBIX MOATBEPKACHUI
Teopuu bombimoro B3psiBa.

Cunrtaercs, 4YTO PpETUKTOBOE H3NIYyYCHHE COXPAaHUIOCh C
Ha4YaIbHBIX DTAIlOB CYIICCTBOBAaHMS BCEIcHHOW M paBHOMEpPHO c6
3amonHseT. YcraHoBieHHEe paBHoBecus HacTynuiao 400 Teic. mer
nocne bonpmoro B3priBa — Havana poxxacHus Beenennoit. C tex mop
TEMICpaTypa M3IyueHHUs] CHU3WIACh U cehdac cocrasisier 2,725K,
YTO COOTBETCTBYET CIIEKTPY a0COMIOTHO YEPHOrO Tena.
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Ha camom pene ¢oHOBOE H3MydeHHE BO3HHUKIO BCIEACTBHE
MOTEpU dHepruu (oToHamMHM YK€ B TPEAABEPUU WX IOJTHOTO
PacTBOpPEHUSI B KOCMHUYCCKOM 3upe.

IpexacraBaser OONBLION HHTEPEC PACTIPEACTECHIE HHTEHCUBHOCTU
PEIUKTOBOrO M3MydeHus 1o cnekTpy vactoT ot 0,05mm no 100cwm ¢
koM Ha 0,2mm (puc. 3.16) [2].

10—14

— 7N

10—16

[ I I I S B
100 10 1 01 oM

Puc. 3.16. CrieKTp pe/IHMKTOBOr0 U3JIy4eHHUs], MPAKTHYSCKH COBIAIAFONIIIT
€O CHEKTPOM H3JIy4eHHs1 a0COTI0THO YePHOro Telia ¢ Temieparypoii 2,7 K

I'panuiy ynpTpaduoONeTOBOrO W3AYYECHUS COCTABISICT ATHHA
Bonmabl B 0,4 mkm, uabpakpacHoro — 0,7 mxm. Ins Bogopona
pe3oHancHas JuynHA BOMHBL coctaBimser 0.1216 mkm, qms renus -
0,0584. lnuna Bomuel B 0,05 MM o03HauaeT Hayamo paspyLICHHUS
¢oronos, nnuHa BoaHbl B 100cM — momHoOe X pacTBOpeHHe B 3¢upe,
koraa ()OTOHBI TMPEKPAIIAOT CBOE CYLICCTBOBAHHWE KaK BHUXPEBBIC
oOpaszoBanust 3¢upa. Omupasce Ha 3akoH Xa00ma, OTCIOAA MOXKET
ObITh HalJCHA JJIUTCIBPHOCTh JKU3HU (POTOHOB KaK HOCHTENCH
uapopmaruy  (mmuHa BomHBl g0 0,05 MM) w Kak OKOHUYAHWS
CYIIECTBOBAaHUS (POTOHOB KaK PEIUKTOBOrO M3IYYCHHS (ITHHA BOTHBI
or 0,05Mm 10 100cm).

EcTecTBeHHBII SKCIOHCHLUATBHBIA 3aKOH YOBIBAHHUS JHEPTHH
(OTOHA MOKHO CUMTATh HE PE3yIbTaTOM <pazdOeranHusi BeeneHHOM,
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KaK 3TO ceHyac MPUHATO, & PE3yJIbTATOM BSI3KOCTH 3(HUpa, B KOTOPOM
MpOXoIuT (POTOH.

OTHOIICHNE AJIUMH BOJIH OJHOTO U TOro ¢ (POTOHA B pasHBIC
MOMEHTBI BpEMCHH COCTaBUT

A2 E, At/3,3-167
=¢ , (2.39)

)\40 E2

3aece AT, ¢ — MPOMEKYTOK BPEMCHHM MEXKAY 3TUMH MOMCHTAMU
BPEMCHHM, OTKY 1

At =3,3:1¢" InAy /A, ¢ =10° InA, /A, meT.

Mornoapie 3Be3aBl, H3AYYAIOIHE MAKCHUMyM CBETa, HWMEIOT
roayooil LBET, YTO COOTBETCTBYET AJMHAM BOJH OT 4,2.10'm 10
4,9-10'M, u BeCh qUAMA30H IIUH BOJIH PCIUKTOBOT'O M3TYYCHUS OT
0,05mm 10 1 M. obpa3yercs B mpomexxyTke Bpemenu ot 20 no 150
miapa. ner. Ot Gonee JanbHHUX 3BE34 CBET HE JOXOIUT, T.K. (DOTOHBI
MOTHOCTBIO TEPSIIOT YCTOMIMBOCTD U PACTBOPSIIOTCS B dQHpeE.

1ot 3Tan ABKCHMS (POTOHA HACTYMACT Ha MOCICAHEH CTaauu
ero cyuecTBoBaHus yepe3 pems nopsiaka 10-20mipa. aer mocne ero
oOpasoBanus. 3a 3T0 Bpems (OTOH TepsieT dHepruto B 2,7—7,3 pasa.
ITorepst sHEpruM (HOTOHOM JOMKHA CKA3ATHCS HA €r0 YCTOWYIMBOCTH.
Crtpykrypa ¢oToHa pa3pyliacTcs, KEPHBI YyXKE HCUEPHIAIN CBOIO
SHEPTUI0 M HE CYUICCTBYIOT, (OTOHBI APOOSATCS HA OCKOIKH,
COYIApSIIOTCSL OPYr € JOPYrOM W O0pa3yioT, €CIHM MOXKHO Tak
BBIPA3UThCs, «POTOHHBIN ra3», B KOTOPOM OHH CTAIKUBAIOTCS APYT C
JPYroM W TEPSAIOT TNEPBOHAYAIBHOE HANpPABICHHWE, 4YTO U
HaOmo#aercsi, T.K. HUKAaKOTO BBIICICHHOTO HAIPABICHUS y
PEITUKTOBOTO U3TYUCHHSI HET.

Otcroga creayer, 4TO mpeacibHAas TPAaHULA HHCTPYMCEHTATIbHBIX
BO3MO)KHOCTCH onTHKH coctaBiser mnopsgka 10-20 munmuapaos
CBETOBBIX JIET, & ()OTOHBI MOTHOCTHIO PA3BANMBAIOTCS U 0OPAIIAFOTCS
B cBOOOmHBIN 3¢up uepe3 150 mmpa. ner mocie ux oOpa3oBaHUs
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atomamu. Ha camom peme ObicTpee, T. K. 3TOT HpouLece K KOHIY
CylIeCTBOBaHMs (DOTOHOB YCKOPSICTCS, Kak u Yy Jr000i ra3oBoi
BUXPEBOM CTPYKTYPHl B CBSI3U C YBEIWUCHUEM UX PAa3MEPOB U
YCKOPCHHUECM TOTCPU SHEPruu. PazymMeeTcs, HOIYyUCHHBIC OLCHKHU
HOCSIT CaMbIil TPUOIMKCHHBIA XapaKTep.

CJ'IGI[YCT OTMCTUTDH TaKXKC, YTO K KOHLY CBOCTO CyHICCTBOBAHUA
CKOpOCTh ()OTOHOB B MPOCTPAHCTBE 3aMEISICTCSI U COCTABISICT OKOIIO
37% c. Pacnyxmee Teno (oToHa IUIFOC 3aMEIJICHHAs CKOPOCTb
YBCIUYNUBACT BCPOATHOCTDL CTOJIKHOBCHUS (bOTOHOB, Opuxoadmux oT
pasHBIX JaleKuX 3BE3d C Pa3HBIX HANpaBlICHWH, YTO eme Oomee
YCpEAHSET HANPaBICHUS UX ABIKCHUN B IIPOCTPAHCTBE.

BpiBOabI

1. ®oroH ABASCTCS CTPYKTYPOM, COCTABICHHON W3 JIMHEHHBIX
BHUXPEH, PACHONOKCHHBIX B JABa psAda B INAXMAaTHOM MOpPSAKE, B
KOKIOM JIMHCHHOM BHXPE HMECTCS VTOHYCHHE, B KOTOPOM H
COCPEAOTOUYECHA OCHOBHASI SHEPTUsl BUXPS. J(PUPHBINA MOTOK MO OXHUM
TOpLAM BHUXPEW NEPETEKAET HU3 BEPXHEr0 CIOS B HIDKHHUM, a 1O
JPYTUM W3 HIDKHETO B BEPXHHH, dYeM  o0ecreduBacTcs
SHCPTCTUUCCKOC CAMHCTBO BCCH cHCTEMBI. KaKIbplid psa BKIIOYACT
OoJbIIOE YHCTIO BUXPEH, O MUJLITHOHOB.

Kaxgeiii  ¢oTroH obmagacT Maccoif, B 3TOM PEaU3YIOTCS €ro
KOPIYCKYISIPHBIC CBOWCTBA, PACCTOSHHE MEXKAY LICHTPAMU BUXpEH
OJHOTO Psia COOTBETCTBYET JUIMHE €O BOJHBI, UEM PEATU3YIOTCS €TO
BOITHOBBIC CBOHCTBA. DOTOHBI € OJUHAKOBBIMH JJIMHAMH BOJH
CHOCOOHBI HHTEPHEPHPOBATD TAKKE KaK OOBIYHBIC BOITHBI.

Bce uzBecTHBIC CBOWCTBA CBETa W BCE H3BECTHBIC CBETOBBIC
SIBIICHUSI PEANTU3YIOTCSI IPUBEICHHON MOJEIBIO.

2. TlocTOSHCTBO CKOPOCTH CBETa €CTh IOCTOSIHCTBO CKOPOCTHU
nepemenicHuss ()OTOHOB B MIPOCTPAHCTBE H  OOYCIOBIMBACTCS
CBOWMCTBaMH OKpYy»Karoero (hoToHsl 3dupa — €ro JaBjACHUEM U
OTHOLICHUEM paguyca amepa K CpemHeil qmmHe cBoOoIHOro mpobena
aMepoB B IPOCTPAHCTBE.
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3. «KpacHoe CMEIICHHE» CICKTPOB JAllCKMX TalaKTHK (3aKOH
Xa0Ob6ma) OOBSCHSCTCS HE PACIIUPCHHEM MPOCTPAHCTBA M
pasOeraHueM ragakTuk, a MOTEPeH SHEPrun (OTOHA 3a CUCT BSI3KOCTH
a¢upa MOPH €ro MCPeMEINCHWH B NPOCTPAHCTBE. JTa TMOTEPS
MPOUCXOAUT IO SKCIOHCHIMATbHOMY 3aKOHY C MOCTOSIHHOW BPEMCHU
B 10" ner.

4. Bpems cymecTBoBaHUS (POTOHOB OrpaHHYCHO CPOKAMH B
HECKOJBKO JECATKOB MI/UTHApAoB Jjer. Ha mocmemHem srame
CKOpOCTh (DOTOHOB 3aMEIUISICTCS Pa3Mepbl  YBEIHYHBAIOTCS, YTO
BOCHPUHMMACTCS KaK yBENIWYCHHE JJIMHBI  BOJHBI,  (DOTOHBI
CTAJKMBAIOTCA JOPYyr C JAPYrOM U TEPSAIOT IEPBOHAYAIBHOC
HaIpasJICHHUE. ITO M €CTh PEIMKTOBOC U3TyUCHHUE.
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T'nasa 3. OnTuueckue siBJIeHUSA

3.1. OTpa:kenue cBeTa

OTtpakeHre CBETa — SIBICHHUE, 3aKITIOYAIOLICECS B TOM, YTO IpHU
MmajgcHUU CBETa (OHTI/I‘{CCKOFO I/ISJ‘Iy‘{CHI/IH) U3 OAHOM cpeapl Ha
rPaHULy Ha TPaHULy €€ pa3ieiia co BTOPOU cperol B3auMOJCHCTBHUE
CBCTa C BCIICCTBOM IMIPHUBOAUT K TIOSABJICHUIO CBETOBOU BOJIHBI,
pacmpoCcTpaHsIOWENcss OT TPaHULBl paszaena oOpaTHO B IEPBYIO
cpeny. HecamocBersiuecss Teaa CTAaHOBSATCS BHIUMBIMHU Onarogapst
OTPa’KCHHIO CBETA OT MX MOBEPXHOCTEH [1].

B nwmreparype MexaHM3M OTpPaKEHHS CBETA CBSI3BIBACTCA C
BO3HUKHOBCHHEM BTOPUYHBIX BOJIH, BBI3BAHHBIX KOJ'I€68,HI/I$IMI/I
3JICKTPOHOB TOBEpPXHOCTH DepMu mox BO3ACUCTBHEM MAJAIOLICTO
ceera. OmHAaKO OCHOBaHUE A1 MOJOOHOTO YTBEPKIACHUS HET,
MOCKOIIBKY TOrAa ObLTO OBl 3aMEUEHO BIMSHUE COCTABA BELICCTBA
OTpa)KaOIEH MOBEPXHOCTH HA CHEKTP OTpakeHHOro ceera. Ha
camoM aeie, (OToOH OyACT OTPasKCH OT TAKOM MMOBEPXHOCTH MO BCEM
npaBmiaM  OObIMHOrO  ympyroro yaapa [2-4], a BoBce He
MEPEU3TYUCHMS, KaK 3TO Mpeanonaraercs ceituac [5, ¢. 45]).

[Ipu otpakenmn (oTOHA OT TpaHULBl ABYX CpPex HacTh 3dupa
KOKIOH OJJICMCHTAPHOW CTpyiiku (HOTOHA OTpaKaercs, dYacTb
MIPETOMIISIETCA U TIONAJAaeT BO BTOPYIO cpexy. Ecim BTOpOit cpexoit
ABJIACTCA MCTAJII, TO Cro HOBCPXHOCTH IOKPBITA TakK Ha3bpIBACMOI
«OBEPXHOCThIO ~ DepmMu»  —  000JOYKOH U3 BJICKTPOHOB,
OpPMEHTHPOBAHHBIX IONAPHO AHTHIIAPAUIETBHO W 3aHUMAIOIINX BCIO
romaap moepxHocru (puc. 3.1) [4].

“z 4”\ AP\ AV
\ ) )r N

7

Puc. 3.1. Ctpykrypa «noBepxnoctn Pepmm»



296 I'nasa 3.

N 3
HetictButensHo, kak w3BecTHO [6—8], B 1 cm® wmeramna
3
comepxurcs  10F-1C CBOOOAHBIX  3JCKTPOHOB. | yOmna
MMPOHUKHOBCHHSI CBETA B METAJLIBI COCTABIISACT

1 clo
d= — (—)?, (3.1)
& Uo

rI€ 0 — IPOBOIAUMOCTb METAILNIA.
7 105
s BuanMoro ceeta riyOuHa npoHukHoBeHus paBHa 10 =107 m,
B 3TOM CJI0€ COCPEIOTOUYEHO

n=(21)?(10°*-10?) = 5(10 — 10° snexrporos (3.2)

Macca KakAOro SJCKTPOHA paBHA NPHMEPHO Macce OJHOrO
JTMHEWHOro BUXps (OTOHA. YUHTHIBas, 4TO (HOTOH CTAIKHUBACTCS C
ANIEKTPOHAMU, COBOKYITHASI MACCA KOTOPHIX MPEBOCXOJUT €ro Maccy B
MIJUTHAPABL pa3, MPUXOJUTCS KOHCTATHPOBATh, YTO BJICKTPOHBI MOJ
BO3JCUCTBHEM (DOTOHA CMECTSITCS HAa HUYTOXKHO MATYIO BCIMUYHHY,
KOTOpass HA B KOCH MEpPE HE CMOXCET OOCCIICUUTh MECPEU3TYUCHUE
¢dorona.

Crexyer OTMETHTH, HYTO pacCCMBaHHE CTPYH, BBI3BAHHOC
OTKJIOHEHHEM (opmbl  «roBepxHOCTH Depmm» wal «CBOOOIHBIX»
3JIEKTPOHOB OT IIOCKOCTH, IMOCTE OTPaXKEHUs cpa3y MpeKparnacTcs,
MOCKOITBKY OTPa’KCHHBIC CTPYH OOpasyroT OOIUi IS 3TUX CTpyd
BUXPb M OOLIMIA B 3TOM BHUXPE MOTOK, B KOTOPOM BCE OTPAKCHHBIC
CTPYH BHOBB ymopsizoumBarorcs. Yacte moTtokoB s¢wupa, KoTopas
MpolLIa B METAT M HE BBIIIA HA MOBEPXHOCTh, OYAET paccesHa B
METaIlIe, U €€ SHEPTHUsl YIACT Ha MOBBIICHAE TEMIICPATYPbl METAILIA.

Takum 00pa3oM, OTPaKCHHUE JJIEMEHTApHOW CTpyu 3¢dupa oT
MOBCPXHOCTH  METalIa MPOMCXOJUT IO  3aKOHAM  IPOCTOTO
MEXaHHYCCKOTO yAapa, MPH 3TOM aBTOMATHYCCKH MOIYYACTCsl, UYTO
YroJ MAJACHHSI M YTOJ OTPAKCHUS DIICMEHTAPHBIX CTPYH OyayT paBHBI
apyr apyry. Takum sxe 00pa3oM MOKHO PACCMOTPETh U OTPAKCHUE OT
MOBEPXHOCTH METAJIIA BCEro (POTOHA.
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Ipu yaape o mperpady (3epkaio) ¢ mMperpagoi B KaXKIblii MOMCHT
BPEMEHY PEarupyeT JTUIIb OJUH BUXPh, TAK Kak BO30yxacHue (GOoTOHA
MEPEMEIIACTCS CO CKOPOCTHIO CBETa B Tejie (DOTOHA, HO M caM (POTOH
MEPEMEIIACTCS C TOH JKE CKOPOCTHIO.

Ecaim  sneMeHTapHBIT — BUXpB, HUMCIOIMUHA  OTHOCHTCIBHO
MOBEPXHOCTH  OTPAXKCHUSA  HOPMAJBbHYIO W  TAHTCHI[HATBHYIO
COCTABJIAIONINE CKOPOCTH, KOCHETCS IMOBEPXHOCTH OTPAKCHHUS U
OyJeT MPOXOKATh CBOC IBIDKCHHE, TO KaXAas Cro 3JICMEHTapHas
CTpys, UMEtoInas B BUXPE (hOPMY OKPY>KHOCTH, OTPAXKASICh MO 3aKOHY
YIIPYroro yaapa, COXpaHut (GopMy OKPY>KHOCTH, HO TCUCHHE B HEH
OyJeT mocne yJapa HaAMpaBICHO B CTOPOHY MPOTHBOIIOIOKHYIO
HampasiaeHHIO g0 yaapa (puc. 3.2). B pesyaprare 3TOrOo B
OTPOKCHHOM BUXPEC UHUPKYIAIUSA CKOPOCTH Buxps (MarHuTHas
HAMNPSOKCHHOCTB)  OyJAET WMETh TPOTHUBOMONOKHBIA — 3HAK IO
CPaBHEHUIO CO 3HAKOM ITUPKYJISAIIMKA CKOPOCTH B TAJAOIIEM BUXPE.

IMockonbky k¢ BUXPH TIEPBOTO M BTOPOTO PAMOB MOMCHSFOTCS
MECTAMH  OTHOCHUTCIBHO  HAIMPABICHHWS  JBIWKCHHSA, TO  3HAK
[UPKYIIAIAN OTHOCUTEIBHO 3TOTO HATPABICHUS COXPAHUTCS.

Puc. 3.2. OrpaxeHue 1 peJIoMJIeHHE 3JIEMEHTAPHOTO BHXPSI

WNuaue oOctout nmemo ¢ LUPKYSIUMEH MPOJOIBHOTO ABHIKCHUS
s¢upa. [Ipu oTparkeHUN OT MOBEPXHOCTU HAMPABICHHUE MPOAOIBLHOIO
JOBWDKCHHS 3(Hpa COXpaHHTCA, HO CaMO HANpPaBICHHUE ABHIKCHUS
OTPKEHHOr0 (OTOHA HW3MEHHTCS, PsAbl BHXPEH IOMCEHSIOTCS
MECTaMH{, 4YTO MpUBEACT K H3MCHCHHIO 3HAKa CIOHHA Ha
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MMPOTUBOMOJIOXKHBIN, €CM MNajarimuil c¢Ber wmen cnumH +1, TO
OTpaKeHHBIH OyAeT uMeTh civH —1 1 HAoGOpOT, UTO HE CIAECAYET U3
00braHbIX Teopuii (puc. 3.3).

Puc. 3.3. U3menenne 3HaKka ciiHa GpoToOHA MPH O0TPaKeHHI
3.2. Ilpenomnenue ceeta

[IpenomieHne cBeTa — M3MEHEHUE HAIPABICHUS PACIIPOCTPAHCHUS
cBeta (ONTHYECKOrO M3MYYCHUS) MPHU €ro MPOXOXKIACHHH dYepe3
rpanuLy aByx cpex [9].

[lomagass Ha TOBEPXHOCTH paszdena cpel, CBET HYaCTHYHO
OTpaXKaeTcsl, YaCTHYHO MpernoMisieTcs. B OCHOBE 3TOro sBIeHUs
JEXUT OTPAKEHUE U MPEIOMIIEHHE DJIEMEHTApHOM CTpPYHKM rasa
(puc. 3.4), mpoxoasuieii U3 cpeapl OXHON IIOTHOCTH 3(upa B cpexy
JIpyroil IIOTHOCTH. Pa3HOCTP IUIOTHOCTEH TP  COXpaHEHHH
paBeHCTBA JABJICHWHA HA TPAHMLC OBYX CPEJ MOXKET OBITh BBHI3BaHA,
HaIpUMEp, pa3HULECH TeMrepatyp 3¢upa B 3TUX Cpeax, 4To, B CBOIO
o4epenp, SBISIETCS CICACTBHEM PA3HHLBI BUXPEBBIX CTPYKTYP STHX
cpexn.
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Puc. 3.4. [Ipesomiienne cTpyiiku rasa

Ecnu mpeanonoxurs, IYT0 B KXKAOI cpene B CPEIHEM IUIOTHOCTD
3(upa MOCTOSHHA M YUUTHIBAS, YTO MOJTHAS SHEPTUs KAXKIOU CTPYHKU
raza IpH NEepexoje IPAHULBI CPEJ COXPaHIETCs, TO Ha OCHOBAHUU
ypaBHeHus1 bepHymam ans kaxaod cpeasl OyayT CHpaBeITUBEL
CIEAYIOUINE COOTHOIICHUSI:

Vo> + Plpi=V,> +Plp, =C, (3.3)
OTKyJa
p]_/pz =V22/ V]_2. (34)

VuuTeBasg, YTO OTHOIIEHHWE CKOPOCTEHl  pacmpoCTpaHEHUs
SHGKTpOMaFHHTHOﬁ BOJIHBI B BaKyyMC MU B CPCAC CCThb IOKa3aTC/ib
OpCIOMIICHUA U YTO OTHOCHUTC/IbHAA MAarHuTHas IMpPOHUIACMOCTb IJId
BCEX MPO3PAYHBIX Cpel MPaKTHYECKU paBHA 1, momyvaeM.

— 2 2 - K2 - —
pcp/pBaK _VBaK /ch - _,ug =&, (35)
rac N — 1mokaszarciab MNPCIOMIICHUS CPCHOBI, M — OTHOCUTCI/IbHAA

MarHuTHas1s OPOHMLIACMOCTb, & — OTHOCHUTCJIbHASA AUBJICKTPUYCCKASA
NPOHULACMOCTD. CHGI[OBaTCJ'ILHO, AUSJICKTPpUICCKAad IPOHUIACMOCTD
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cpemsl €CTh OTHOIICHHME IUIOTHOCTH IIOTOKa 3¢pupa B cpeae K
IJIOTHOCTH 3(Hpa B TOM JKE MOTOKE B BAKyyME.

[Ipu mocTkeHnu omHWUM KpaeMm (POTOHA TpaHULBI ABYX Cpel B
cuty OombIneii mIoTHOCTH 3QUpa B ONTHYECKH OONee ITOTHOU cpeae
CKOPOCTh YMEHBLIMTCS B My/N; pa3, B TO BpeMsl Kak APyrod Kpaii
(OTOHA IPOAOKACT ABUTATHCS CO CKOPOCTHIO V; (puc. 3.5).

¥~

\\/2 v, <V,

Puc. 3.5. K BbIBoy 3aK0Ha IIpeIOMIIeHHSI CBeTa

CaenoBatenpbHO, KOrga BTOPOM Kpalh  (¢OTOHAa  KOCHETCS
MMOBEPXHOCTH ONTHYCCKU 0OJICE MIIOTHOM CPEeabl, mpoiaeT Bpems to,, B
TEUCHHE KOTOPOrO MEpBBIII Kpall BO BTOPOM cpeae MOpoiiaeT
paccrostaue Vyt, = OE. [lns Broporo kpas Vit, = B’ By. Janee

B'B; Vito OE. P
=sini = X —=3siT = , (3.6)
OB, OB, 071 @,
Nniin
sini A n

= = . (3.7)
sinr 2 n,
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Orcrona crneayer, 94to

R

/12 =/11 (38)

M

U JUaMeTpsl BHXpEl B cpeae ¢  OONBINCH  IUIOTHOCTHIO
COOTBETCTBCHHO MCHBINC AMAMETPOB BHXpell B cpele ¢ Oomblucit
IJIOTHOCTHIO 3dupa.

3.3. Uutepdepenuus

WHTepdepeHuns cBeTa — CI0KEHUE CBETOBBIX BOJH, MPH KOTOPOM
0OBIYHO HaOIIJaCTCS XapaKTePHOE MMPOCTPAHCTBEHHOE
pacmpenencHue — MHTCHCHBHOCTH — cBeta  (MHTEpdepeHUHOHHAs
KapTUHA) B BHAC YCPCAYIOLIMXCS CBETJIBIX M TEMHBIX IMOJOC.
WNurepdepenuus cBeta BOSHUKACT TONBKO, €CIIH PAa3HOCTh (ha3 BOIH
MNOCTOsIHHA BO BPCMCHU, T.C. BOJIHBI KOI'CPCHTHBI (qaCTOTbI BOJIH
KpaTHBI U COrJIACOBAHBI MEX 1y co0oii Bo Bpemenn) [10].

WnTepdepenuns —  04HO u3 OCHOBHBIX SIBJICHH,
MOJATBEPKIAIONINX, KAK CUMUTACTCS, BOJHOBYIO MPHUPOAY cBeta [9, c.
242-340]. Ognako  HECIOKHO  MOKa3aTh, YTO  CXOJACTBO
UHTEpEpPEHINHN CBeTa ¢ MHTEPEPCHUNCH BOIH MOBEPXHOCTHOE, HE
PACKpBIBAOIIEE CYITHOCTH SIBJICHUS.

IIpexxkae Bcero, ciaeayeT OTMETUTH, YTO CIAOKCHHE KOJacOaHMIA
BOBCC HC ABJACTCA HpepOFaTHBOﬁ TOJIBKO BOJH. TOYHO Tak K€, KakK
MONCPCYHBIC OTHOCHUTCIIBHO HAIIPaBJCHUA ABUXXCHUS BOJIHBI, BCAYT
ceOsT W BHXPEBBIC CTPYKTYPbl. HUX HHTCHCHUBHOCTH  MOTYT
CYMMUPOBATBECA TIPpU OAMHAKOBBIX pasMcpax MW HalpaBJICHUN
JBWDKCHHSI M HE B3aUMOJCIHCTBOBATh MEXIY COOOW HpU  pasHBIX
HampaBJICHUAX ABUXKCHUS WX Pa3HBIX pasMepax.

IMockonmpky MmIOTHOCTE 3(upa B POTOHE COCTABIACT MATYIO JOIO
OT IUIOTHOCTH CPEIbI, @ CPEAHSS AMMHA MPoOera Ha MHOTO TOPSAKOB
NPEBOCXOAUT  pa3Mepel  amepoB, TO  (OTOHBI  OKA3BIBAOTCS
CIOCOOHBIMM  MPOHHWKATh CKBO3b JpPYr JApyra 03 3aMeTHOro
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B3anmMoacrcTBisl. KepHBI ke, MMEIOIIKE BBICOKYIO IUTOTHOCTB, HO
Maunble pa3Mepsl, OyayT mpocto orudaTh Apyr apyra. B To ke Bpems
Ha TPCIITCTBUH, KOTOPBIM SBISCTCS JIOOOH OKpaH, JOJHKHO
BO3HHMKATh CMCLICHUE CTPYH W COOTBETCTBYIOLIEEC VCHJICHUE WU
VMEHBIICHHEC WX HHTCHCUBHOCTH. be3 cuH(pa3HOoCTH (HOTOHOB,
HCXOMSINUX W3 Pa3HBIX TOYEK M3Ty4aTelss CBETA, SBICHHE
unaTepdepeHun  ObI0 OBl HEBO3MOXKHO, IOCKONBKY (DOTOHBI B
HHTEPPEPHUPYIOMHX JTydaX ObLTH Obl HUKAK HE CBS3aHBI MEKAY COOOI
mo ¢ase, maxe ecnu Obl YaCTOTHl V HUX OBIIM OAMHAKOBBIL. Da3zbl
OTACTBbHBIX (POTOHOB MMenH OBl XAOTHYCCKHHA COBUT OTHOCHTEIBHO
Opyr apyra, U Hukakas uHTepdepeHumss Obuia Obl HEBO3MOXKHA.
WHuTepdepeHuns ceeta — peambHOE SBICHHE, & 3TO O3HAYACT, UYTO
M3IYYAIOLINE aTOMBI HEMPEMEHHO IOJDKHBI CHHXPOHH3UPOBATHCS U
cuH(pazupoBaThcs MEKIy coOoi. OgHaKO BOJTHOBAsS TECOPHUSI ITOTO
OOBSCHUTD HE B COCTOSIHUH.

[TpyHIMOMATPHBIA ~MEXaHH3M B3aMMHOW CHHXPOHHWZALHNHA H
cUH(}pA3NPOBaHUS NU3TYYAIOLINX aTOMOB OBIT M3JO0XKEH BbIE. Takoit
MEXaHMU3M, HEBO3MOKHBIM B BOJHOBOM MOJCIH, IIO3BOJIACT
o0ecreunTs CHHXPOHHOE M CHH(pA3HOE M3TYUCHUE BCEX H3TYyYacMBIX
B OJUH U TOT YKE MOMEHT (DOTOHOB.

B pesynprate 3TOrO Ha BCEH IUIOIIAAM H3Ty4aTens, KOTOpas
MHOTOKPATHO NMPEBBIIIACT IUIOMANb CEUCHUSI OTACIbHOro (oroHa, B
KaKIbI MOMCHT BPEMCHHU yCTaHABIMBACTCS eIUHAs a3a U3TyUCHUS.
Ilocne pacmemieHuss aydd B HHTEPHEPOMETPE  COXPAHSIOT
cTaOunbHyI0 (pa3y H3MydeHUsT OTHOCHUTEIBHO JAPYr Jpyra, 4to u
MO3BOJSIET  MOCIE CIOXKEHHUS ~ 3TUX  JydeH MOTYYUTh
UHTEPPEPCHUMOHHYIO KaPTUHY.

ITockonbky daza U3TydEHUST MOXKET CO BPEMEHEM MCHATBHCS, TO B
cly4yae, €CTH JUIMHBl HHTCPQEPUPYIOIMUX JIyYEH CYIIECTBCHHO
pasnu4Hbl, YCTKOCTh HHTEP(PEPECHIHMOHHON KAPTHHBI HAPYIIACTCS.
Orcroga  mpakTuueckas ~ PEKOMEHAAUMS.  TpH  pa3paboTke
UHTEP(HEPOMETPOB LIEICCOO0PA3HO CTPEMHUTHCS K PABCHCTBY JJTHH
000ouX MHTEPPEPUPYIOMIHX TyICH.

Bo BceM octanpHOM KapTHHA HHTEPPEPCHLUNN BUXPEBBIX (DOTOHOB
COBCPILICHHO MOJOOHA BONHOBOH, Tak Kak WHTCHCHBHOCTH BUXpEH
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MOTYT  CYMMHpPOBATbCS TOYHO TaK JK€, KAK M HWHTCHCHBHOCTU
OOBIYHBIX BOJH, U BUXpPEBbIC (DOTOHBI CIIOCOOHBI TaK K€ CO3JABAThH
UHTEPPEPECHINOHHYIO KAPTUHY, KaK U BOJHBI.

3.4. Indpaxuus

Hudpakumss ceera —  sBiAcHWe, Habmrojaromeecs — Opu
pacmpoCcTpaHEHUH CBETa MHMO PE3KHX KpPacB HEMPO3PAYHBIX HIIH
MPO3paYyHbIX T MM CKBO3b y3Kue orBeperust [11].

Hudpakuys Hapsay ¢ nHTEpPEpPEHLIUEH OOBIYHO pacCMATPHUBACTCS
KaKk MOATBEP)KACHHE BOJHOBOW mpupoasl ceera [9, c. 341-419].
OnHako, kKak ¥ UHTEPPEPEHLUIO, AUPPAKIIIIO MOKHO PACCMATPHUBATD
C TIO3ULIMHA BUXPEBOrO CTPOCHUS POTOHA.

Kax wm3BectHo, amdpakims cBera — OTKIOHCHHE HAIMPABICHUS
pacmpocTpaHEeHUsT CBETa OT MNPSIMOIMHEHHOrO BOMW3U  Kpacs
HEMPO3pPavHBIX ~ MPEAMETOB  —  MPOHCXOAUT B PE3yabTare
B3aUMOJICHICTBUSL CBETA C ITHMH KpasMH, HA 4YTO OBLJIO OOpaIieHO
panmanue eme FOurom B 1800r. Ilpu aToMm cBeT 3a kpaem mpeameTa
OTKJIOHSICTCSL B CTOPOHY 3TOr0 TMpPEAMETA, 3acBEUMBAas TCHEBOI
VYACTOK.

Ucronkosanne audpaxunn ¢ yaerom mpunimmna [ roiirenca [13, c.
341-345; 35|, cormacHO KOTOPOMY TOYKH Kpas MpeaMeTa
MPUHUMAIOTCS. 32 HOBBIH HCTOYHHMK BOJH, BECbMa HCKYCCTBEHHO,
MOCKOITBKY 32 UCTOYHHUK BOJH COTJACHO TOMY K€ MPHUHLMIY MOMHO
MPHHSATH TIOOYIO TOUKY, H B 3TOM CMBICIE Kpall peaMeTa He SBISIETCS
yeM-nmubo ocobeHHbIM. Takoe OOBsICHEHHE HE MPOJHMBACT CBETA HA
(UBHHUECKYI0 CYIIHOCTh AM(PaKUUM U B JIYYIIEM ClIydae, SBISCTCS
PaCUCTHBIM IIPHEMOM.

CymHocTh AuGpaKkiy HECIOKHO MOHITh, €CIIH PACCMOTPETh
MPOXOXKACHHE BUXPEBOro ()OTOHA B HEMOCPEACTBEHHON OMHM30CTH OT
HenpospauHoro mpeamera. Kak BugHo u3 puc. 3.6, HOBEPXHOCTH
HEMPO3pPavHOro MpeaMEeTa, PSIOM ¢ KOTOPBIM mpoleraeT (OTOH, eCTh
MMOBEPXHOCTh B CPESAHEM HEIMOABIKHOTO d(upa. ITO CICAYEST U3 TOrO,
YTO MEXKATOMHBIC PAacCTOsHHS mMeroT mopsigok 1070 m, a mopsizox
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e Bonu (oroma — 10 m. Tlostomy mo OTHOMmCHHIO K (OTOHY
BHUXPEBBIC JBIKCHHSI IOBEPXHOCTH ATOMOB YCPCIHCHBI.

- QQQ%S%DQ\

Puc. 3.6. Mexanusm audpaxnmu ¢GoToHOB

B 3azope mexay GhOTOHOM M MPEIMETOM HMEET MECTO OOJIBIIOI
IPaAMCHT CKOPOCTH, MOCKONBKY Kpai (POTOHHOTO BHXPSI ABHIKETCS C
OONBIION CKOPOCTBPIO B HAIMPABJICHUM, OOPATHOM HAIPABJICHHUIO
JBIDKCHUS (POTOHA, a 3a30p OTHOCUTENBHO Mall. C MPOTHBOMOIOKHON
CTOPOHBI ¢dorona MOCTOPOHHMUIT NPEAMET OTCYTCTBYET,
CIIeIOBATEIbHO, TPaguMeHT ckopoctd Man. Otcrioma creayer, 4To
JaBicHUE (GHUpa CO CTOPOHBI MPEIMETa CYINECTBEHHO MEHBIIC, YeM
CO CTOPOHBI cBOOOTHOrO 3upa, H POTOH MPIKUMAETCS K TPEIAMETY .

[Moce Toro kak GOTOH MPOXOIUT MPEAMET, OH MOMAJACT B 30HY, B
KOTOpOﬁ JAaBJICHUC HAYUHACT BBIPABHUBATBHCS, ITOCKOJBKY HIPCAMCT
TaM yKE€ OTCYTCTBYCT. B 3TOW 30HE HaBJICHHC VKC BBIIIC, YCM B
3a30pe, HO eIue HIbKe, 4eM B cBoOoaHOM admupe. Ilockombky
HEMPO3pPaYHBId MpEeIMET HE MeEIIaeT OONbIIE CMEHICHUIO (OTOHA, a
Pa3HOCTh JABJICHHUU CIIE CYIUECTBYET, POTOH OTKIOHSETCS B CTOPOHY
TCHU IIpcaAMCTA.

W3 u310:keHHOTO BBITEKAET, YTO yroj MOBOpoTa (HOTOHA JOLKCH
3aBHCeTh OT (opMmbl kpas mnpeavera. [lpu yBemuueHun paamyca
3aKpyIJICHHUS Kpasi HEMPO3PavHOro MpeaMeTa yroi mosopora (orona
JAOJKCH HCCKOJIBKO YBCIUYHUTHCHA, UYTO MOXKCT 6LITL POBCPCHO
IKCIICPUMEHTATBbHO. MOKHO OXHAATh, 4TO 3(PHEKT HAYHET 3aMETHO
NPOSIBILATECSL INPH  pagudycax 3akpyriacHUsA NOpsAAKa JCCATKOB
CaHTUMCTPOB UJIX CAUHUIL MCTPOB.
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3.5. AGeppauus

AOGepparueii cBeTa B aCTPOHOMHHU HA3bIBACTCS H3MCHCHHUC
BHIMMOTO IMOJIOKCHUSI CBETHJIA HA HEOECHOU cdepe, 00yCI0BICHHOS
KOHCYHOCTBIO CKOPOCTH CBETa W JBIDKCHHEM  HAOIrOgaTerns
BCICACTBHMEC BpaumieHus 3emun  (CyrouHas abeppauumst CBera),
obpawmenus 3eman Bokpyr Comuua (roguunas aGeppaims cBeta) U
nepememennss COMHEYHOW CHCTEMBI B MPOCTPAHCTBE  (BEKOBAs
abepparuwmst csera) [9, c¢. 420—450; 36].

Teopust 3Be3mHOI abeppauny, Kak HW3BECTHO, H3MEHSIACh C
U3MCHEHUEM TpeAcTaBiacHuii o mpuponae csera [14. Cam Bpamreit
coznan ¢¢ B 1725r., ucxoms u3 TrOCHOJACTBYIOLICH B €ro BpEMs
KOPITYCKY/SIpHO# Teopun. DpeHens paspaboran Teopuro adeppauuu
(1823) Ha OCHOB HE YBICKAEMOro M HACTUYHO YBJIEKacMoro 3¢wupa.
Korza ontrka ABrmkymmxcs Ten BCTpeTriaack ¢ TpyaHoctsmu, CTokc,
MBITASICh  OPEOJOACTh WX, OOBICHWI adeppauuio, MOJb3YICh
THUITOTE30i MOTHOCTBIO yBIekaemoro 3¢upa (1852). C mpuxozom B
HAyKy KBaHTOBOHl TEOPUHM M TCOPHUH OTHOCHUTEIBHOCTH BO3HHKIIA
COBPEMCHHAsI  pEIATHUBUCTCKAss Oe3 sSdupHas TeopHus 3BE3THOI
abeppaunn. OJgHaKO HA BO3MOXKHOCTh OOBSICHCHHS  SIBJICHUS
abeppauuu Ha OCHOBE yueTa 3(upa yKe y HAIKM THH BHOBb 0OpaTHIN
BHUMaHHE HEKOTOpBIC McciexoBaren [15.

Kraccuueckast Teopust abeppaiuu  CBETa, OCHOBAHHAs Ha
MPEICTABICHHHA O PACIPOCTPAHCHHUH CBETA B HEMOABIKHOM 3(dupe
(puc. 3.7), npuUBOIUT K CICAYIOMEMY BHIY 3aBHCHMOCTH MEKIY
aOeppallMOHHBIM CMCIICHUEM CBETWIA « MO OONbLUIOMY KPYIY
HeOCCHOM Cdephl, MPOXOISAINEMY YEPe3 CBETHJIO U alleKC — TOYKY, K
KOTOPO#l ABMXKETCs HAOIIOJATENb, B CTOPOHY aleKca, YIIIOM MEKIY
HAMpaBJICHUSIMHU HAa CBETHJIO M HA ameKC Y W CKOPOCTHIO JBIDKCHUS
HabmoaaTens:

%
ctg (v — @ = ctgy + — coseaqy. (3.9
Cc

31ech ¢ — CKOPOCTh CBETA.
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Puc. 3.7. K Mmexanu3my aGepparm cBeTa

Tak Ha3piBacMass PEISTUBUCTCKAs IOMPABKa, BBITCKAMOLIAS W3
TeopuM OTHOcHTenbHOCTH, cocTaBusier Bcero 0,00057, mostomy
HHUKOrAa He ucnone3dyercs [14. Vpasuenne (3.9) MokHO 3ammcarh B
BUJIC

v
sina = — sinp, (3.10)
c

roe ¢ — reorpadudeckas mupora mecra Habmromenws. [lockompky
YTOJI @ MaJjl, TO YPABHECHUE OOBITHO MPEACTABISIOT B BUJC!

v
a’ = 206265" — sip = k sinp. 13)
C

Benmmunna K mis roaugno# abeppaivi B HACTOAIICE BPEMs
cuuraercs 20,507, HO 3TO 3HAauyeHWE NPUOTMIKEHHOE, MOCKOIbKY
Oonee TOYHOE 3HAUCHHE MOXKHO OINPEACIUTh HA OCHOBE Yyd4era
napamiakca CojHIa, OSKCUCHTPUCHUTETA 3EMIIH, CHUICPUYICCKOrO
(3Be3aHOI0) BPEMEHHU M 9KBATOPHUAIBHOTO Paanyca.

B pesynbrare cyrouHoit abeppaunu cBeTa 3BE34bI CMEINAOTCS I10
0ospIIOMY KPYTy HEOCCHOH c(ephl B HAMPABICHUU K TOYKE BOCTOKA
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Ha BenmuuuHy COSp’'Sin(0,3196), rae ¢’ — reoueHTpUUECKas IWHPOTA
MecTa HaOMIOACHUS, & G — YIIIOBOE PACCTOSHHE CBETHNIA OT TOYKH
BOCTOKA.

BekoBoe abeppaunOHHOE CMCLICHHE 3BE3X MMPAKTHYCCKUA HE
OoOHapy>KMBaeTCsl, Tak Kak HanpasicHue aBmkeHHs CoTHEUHON
CHCTEMBI B POCTPAHCTBE MCHSICTCSI KPailHE MEIICHHO.

IlpencraBasiercs, YTO MAAaHHOE BHIIIC OOBSICHCHUE MNPUYHH
abepparun  siBasieTcst HermodaHbiM. CJEAyeT YYHUTHIBATH BEKTOPHOE
CYMMHPOBAHHEC CKOPOCTCH  JBIDKCHHS  3EMJIM  OTHOCHTEIBHO
lamaktuku u orHocutensHo Conuila (OpOMTATBHOE ABIKCHHUE), a
Takke cyrouHoe Bparuenue 3emnu (puc. 3.8).

U,

U0p6

Aopo ¢

2ANAKMUKI [

a) 0)

Puc. 3.8. /IBmiKkeHne TOYKN, PacIo/io;KeHHOII Ha MOBEPXHOCTH 3eMJIN: a —
rajlaKkTU4eckast, opOUTAIbHAS U CyTOYHAsl CKOPOCTH; O — BEKTOPHOE CYMMUPOBAHKE
CKOpOCTEN

[Mepememenne TOYKM Ha MOBEPXHOCTH 3EMJIM B MHPOBOM
HNpPOCTPAHCTBE  SIBJIETCSL ~ BEKTOPHOM  CYMMOH  CIEAYHOIIMX
MNEPEMEIIECHUIN !

1. 3emun BOokpyr camoii cebst (CKOPOCTh CYTOYHOIrO BPAIUCHHUS HA
9KBATOPE Vi = 463 M/c). JTa CKOPOCTH YMEHBINACTCS MO MEPE
MPHUONDKEHHSI K MTOTF0CaM

Vy = V5sCOS O, (3.12)

rae V, — CKOpOCTh MEPEMEIICHUS MecTa HAOMIOACHNUS, HAXOIAIIETOCs
Ha reorpaduyeckoii mupore ¢.



308 I'nasa 3.

2. 3emmu Bokpyr Comuna (30,27 km/c B mepurennu, 29,27km/c B
adenun).

3. Comuia Bokpyr uenrpa [amakruxu (180—200m/c).

4. TanakTMKK OTHOCHTEIBHO JAPYTHUX TaJakTUK (CKOPOCThb
HEU3BECTHA, PEAIOIOKHUTEIBHO HECKOIBKO COT KM/C)

Knaccuyeckass Touka 3peHMs, NOpeanoiararomas adOCOMOTHYIO
HETIOABIKHOCTD 3¢upa B mpoctpancTee (treopust dpenens-Jlopenia)
Oblj1a ObI COBEPIICHHO CIPABCAINBA, €CITH ObI HA CaMOM Jene 3(up HEe
CMEINAJICS B IPOCTPAHCTBE U €CIIU ObI 3EMIIS ITPH CBOCM JBIKCHUH HE
3axBarbiBasa 3Qup, oJHAKO 3TO0 HE Tak. JPHUPHBIA Berep 0OIyBacT
3emmro [16, 17], ero oTHOCHTEABHAS CKOPOCTh YMCHBINACTCA C
yMeHbLICHHEM BbICOTHl [18, C. 227-232; 19} mostomy siBiCHHE
abeppauuu CBETa LEICCOOOPAa3HO B OYAYIIEM MPOAHATU3UPOBATH C
VYETOM H 3TOr0 00CTOATEIbCTBA. VI3 H3NOKEHHOTO CIIEAYET, UTO:

1) roauunas aGepparmsi ceeta B mosice 44,6-90°r0. m. Gyaer
MMETh MCHBIIICE 3HAUCHHE, HEXKEIHN B CEBEPHBIX IINPOTAX;

2) rommuHas abeppauusi HA MaiblX BBICOTAaX, a TeM Ooiee B
rayOOKHMX MIaXTaX, MO/DKHA MMETh HECKOJbKO MCHbBIIECE 3HAYCHUC,
4yeM Ha OOJIBLIMX BHICOTAX B TEX JKE IIUPOTAX;

3) DnpuH KOCMHUYECKMX TMEpeneTax HEOOXOAMMO MPOBOJHTH
KOPPEKTHUPOBKY MECTOMOJIOXKEHHSI C YUIETOM COOCTBEHHOH CKOPOCTH
JOBWDKCHHSI OOBEKTa OTHOCHUTENBHO TIOTOKOB 3dupa, eciu 3T1a
KOPPEKTHPOBKA  BBIMOIHICTCS ~ ACTPOHOMUYCCKHMHU — CPEACTBAMH,
PACIIONOKCHHBIMH Ha CAMOM OOBEKTE.

O6ayB 3eMHOro mapa 3¢GHUPHBIMH MOTOKAMH HE HOCHUT CTPOrO
PaBHOMEPHOrO XapakTepa, MOCKOIbKY STH IMOTOKU CaMHU MOABEPIKCHBI
Pa3HOOOpa3HBIM M3MCHEHHSM, CBSI3aHHBIM, B YaCTHOCTH, C COTHEYHON
aktuBHOCTBIO. Kpome TOro, B sBiacHum aOeppauyuu Y4acTBYIOT
Bo3aywmHble moToku arMocgeprl. IlogpobGroctn ob6aysa 3emmn
3(UpPOM U3TOKCHBI HITKE.

Knaccuyeckne — mpeactaBmeHuss O — mpHpoAc  abeppaiuu
COOTBETCTBYIOT H37aracMbIM B HACTOSLICH paboTe, OTHAKO C
HEKOTOPBIMH TTOIMPABKAMH. JTH MOMPABKH CBS3HBI C TEM, YTO 3eMJISL
HE TOIBKO TMEPEMEINACTCS B MPOCTPAHCTBE, HO M 00xyBacTCs
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notokamu 3>(upa, HANPABICHHE W CKOPOCTh KOTOPBIX HOCHT HE
TONIBKO CTAIlMOHAPHBIN XapaKTep, HO YaCTUIHO M MepeMeHHbI. Kak
CTALIMOHAPHBIC MTOTOKH — 3(UPHBIN BETEpP, TAK M HECTALMOHAPHBIC B
HACTOSAIICE BPEMsi OOHAPYKEHBI IKCIICPUMEHTAIBHO U UCCICAYIOTCS.
OtHocuTenpHAsT  CKOPOCTh  3(HPHOrO  MOTOKA  OTHOCHTENIBHO
MOBCPXHOCTHU 36MHI/I YMCHBIIACTCA C YMCHBUIICHHUCM BBICOTBI HaJ
3eMHOH MOBEPXHOCTBIO, uTO OBLIO 00HapyxeHo eme . K.Mumiepom
B 1925r., HO yemy Torma He ObLIO JaHO oOBsicHeHMs. CeromHs yike
SICHO, YTO 3TO VYMCHBLICHHUE CBS3aHO C BS3KOCThIO ddupa u
COOTBETCTBYT TEOPUM MOTPAHMYHOTO CJIOS Ta30BOTO IIOTOKA,
00 1yBaroLIEro map.

CoorBercTBHe 3HAYCHUI abeppary, MOy ICHHBIX
SKCIICPUMCHTAJIBHO, PACUCTHBIM 3HAYCHUAM, CBUACTCIIBCTBYIOT O TOM,
qTOo (bOTOHLI HC MCHIIOT CYLWICCTBCHHO HAIPaBJICHUSA CKOPOCTH IIPpU
MPOXOXKACHUH TMOTPaHHYHOrO cios 3pupa B atMocdepe 3emiw, T.c.
B3aMMOJCHCTBHE OOKOBOro 3(upHOro motoka ¢ (GoroHamMu Maiao u
MOCTOSIHHASI BPEMCHHU IONCPEYHOr0 YCTAHOBJICHHs CKOPOCTH CBETa
OTHOCHTEIBHO IMOIMEPEYHOro MOTOKA JOCTATOYHO BEIHKA, O UEM YIKE
ObLTO0 cka3aHo Beime. HEKOTOpYIO aHANOrHMI0O MOKHO BHACTH B
pacnpoCTpaHCHUU KOJICL AbIMA, BBIPBIBAKOIMUXCSA U3 ABIMOBBIX TI)Y6
NPY HAJTMYUH TOPU30HTATBHOrO BeTpa (puc. 3.9).

Puc. 3.9. YMeHbIleHHe cHoca JBIMOBBIX KOJI€II BETPOM II0 CPAaBHEHHUIO C
00BIYHBIM AbIMOM.
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Ecmu Berep 3aMeTHO CHOCHT JBbIM, TO JBIMOBBIC KOJBIA
OKa3bIBAIOTCSI CMCLICHHBIMU HE3HAYHUTEIIBHO.

Tem He MeHee, pa3muyre SKCIICPUMEHTANBHBIX JaHHBIX abeppaunu
UL pa3nu4HbIX 00CEpBATOPHM, PACIOIOKECHHBIX Ha Pa3IHMYHbIX
mHUPOTaX  HM  BBICOTAX,  JODKHO  OBITh  JOMONHUTEIBHO
MPOAHATM3UPOBAHO C TOYKH 3PCHHS HAIMYUS TOTPAHUYHOTO CIOS
3(¢upa, 3axXBaTHIBAEMOT0 3eMIICH NPH €€ JBIKCHIH.

Takum 00pa3oM, ¢ Y4ETOM HEKOTOPHIX MOMNPABOK MOXKHO CUHUTATh
KIaCCHYECKYI0 TEOPHIO a0eppaunuy, YYUTHIBAIOIIYIO HAIMYHE B
mpocTpaHcTBe 3(upa, B IEPBOM MPHONMIKEHUH YAOBICTBOPUTEIBLHOM.
IIpocTpancTso.

3.6. BzaumopaeiicTBue Jy4eii cBeta

Cuuraercs, 9TO JTy4M CBETA HUKAK HE B3aUMOJCHCTBYIOT MEKIY
co0Ootii. B OOmbILIMHCTBE CIy4acB 3TO TaK U €CTh, U 3TO OOBSICHICTCS
TeM, 4YTOo Teao (oToHa mpeacTtaBIsieT coOOW  JOCTATOYHO
Pa3pEeKCHHYIO CTPYKTYPY 3a HCKIroUeHHEeM kepHa. Ho kepH mmeer
YpE3BBIUAIHO MaJIbIC Pa3MEpPbl, U MPpU BCTPede (OTOHOB KEPHBI OyayT
orubate Apyr Apyra, B TO BpeMsi Kak Teaa (OTOHOB MPOMIyT APYyT
CKBO3b apyra. HeGompiune M3MEHEHHs, KOTOPBIC MPHU ITOM MOTYT
BO3HHKATh, BOCCTAHOBSTCS Cpa3dy K€ IMOCIAC BbIXoga (POTOHOB B
cBOOOAHOE,

OgHako  TMONOKCHHE  MOXKET  H3MCHHUTBCS B Clydae
B3aMMOJCHCTBHSI KOTCPCHTHBIX MOJISIPU30BAHHBIX Tyueit cBera. Kak
BugHo u3 puc. 3.10,ecnu aBa (otoHa, 00MATAIOIIUX OJUHAKOBBIM
CIIMHOM, TPOXOJAT OMU3KO APYr OT APYra, TO MEXKIY HUMH 32 CYET
KOJIbLICBOTO JBM)KCHHSI 00pa3yeTcs rPagueHT CKOPOCTEH, B KOTOPOM
JasieHue d(upa MOHU3UTCS, U (POTOHBI OYAYT MPUTITUBATECS JPYT K
apyry. Ecnu ke ¢oronsr 061a1ar0T MPOTHBOIONIOKHBIME 3HAKAMH
CIHMHOB, TO OHH, HA000pOT, OYyAYT OTTAIKUBATBCI APYr OT JpYra.
COOTBETCTBEHHO HM3MCHSATCS ¥ HAMNPABICHUS  PACIPOCTPAHCHHUS
CBCTOBBIX IOTOKOB. BeposTHO, Hamboiee 3aMETHO TaKOE SIBICHHC
JODKHO HabmromaThes B ¢1a00 PacCeHBAIOLIMX CPeNax, HapHUMED, B
rnapax MeTajuIoB.
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Puc. 3.10. BzanMojieiicTBIe KOTePEHTHBIX TMOJISIPH30BaHHBIX GOTOHOB: a) B
ciIy4ae OJMHAKOBBIX CIIHOB; 6) B CIydae MPOTUBOIONOKHEIX CITIHOB.

BoIBOabI

1. Ceer HE ABISCTCS IICKTPOMATHUTHON BOJTHOM, OTOXCCTBICHUEC
€ro C 3JEKTPOMATHUTHON BOJHOM B CBSI3U C PAaBEHCTBOM CKOPOCTEU
WX pacIpOoCTpPaHEHUS HE MOXKET CIY)KHThb JOKA3aTelNbCTBOM HX
toxxaectsa. [loarBep>kaeHNEM 3TOrO ABISETCS MOTHOE PACXOXKIACHUE
3aKOHOB 3aTyXaHHMS CBE€Ta © OJEKTPOMArHWUTHON BOJHBI B
HOJIYIPOBOASIIEH CpeAe — B MOPCKOM BOJE, A€ CBET MPOHUKACT HA
rITyONHY Ha 5—6mOpsSAKOB OOIBIIYIO, YEM IICKTPOMATHUTHAS BOJTHA.

2. Crpykrypy GOTOHa MOXKHO MPEACTABUTH B BHIC IBYXPSIHOMN
LEMOYKH JIMHCWHBIX BHUHTOBBIX BUXped 3¢upa, B KOTOPOH BHXpHU
OJHOTO psJa BpaIaloTCi B OJHY CTOPOHY, BUXPH BTOPOTO psga — B
MIPOTHBOIIONIOKHYIO. Kaaprii BUXps CkKaT B LEHTPAJIbHOH CBOSH
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yactu. Takas CTPyKTypa €CTECTBEHHBIM 00pazoM OOBSCHSCT
KOPIYCKYIISIPHO-BOTHOBOH ~ Ayalu3M, T. €. KODPIYCKYJSIPHBIE U
BOITHOBBIC ~CBOWCTBA CBETA, OOBSCHACT TMOJSIPU3ALUIO, CITHH,
MOCTOSIHCTBO CKOPOCTH OTHOCHTEIBHO 3(upa B JaHHOH TOYKE
MPOCTPAHCTBA U APYTHC CBOWCTBA CBETA.

3. Bce onTrieckue SBICHUS MOXKHO HHTEPIPETHPOBATD C MTO3ULINN
s¢puponuHaMuKH. [T OCHOBHBIX ONTHYECKUX SIBICHUI — OTPasKCHHUS
U TIPEIOMJICHUS CBETA, MHTEPEpPCHUNH, TUPPAKLUH H abeppaniuy —

OKa3aJIoChb BO3MOXHBIM MOCTPOUTDH COOTBCTCTBYHOIIUC
3(1)I/IpOI[I/IHaMI/I‘{€CKI/I€ MOACIHN, TIPU 3TOM CYHMICCTBCHHO YTOYHCHBI
npeaACTaBJICHUSA O CYyTU OHNTHUYCCKUX HBHGHHﬁ, npeacKa3aHo

W3MCHECHUE 3HaKa COMHA (OTOHA MpU KKIOM OTPKCHHH OT
METaJITUYECKOrO 3ePKana, a TAKKE B3aUMOACHCTBIC MOSPHU30BAHHBIX
JTy4en CBETa.

4. 3akoH XabO6na <«KpacHOrO CMEHICHUS» CIIEKTPOB CBETA
CBUACTEIBCTBYET HE O «pa3Oeranuu BeeneHHOI», a 0 moTepe sHEprun
¢oronamu wu3-3a Bs3koctH d¢wupa. Iloreps sHeprum ¢doroHamu
MPOHMCXOAUT MO IKCIOHCHIIUAIBHOMY 3aKOHY C MOCTOSIHHOW BPEMCHU
nopsinka 10 mapy ner.

5. PenukroBoe M3MyUEHUE HE SABIICTCS ClaeacTBueM «bonpimoro
B3pBIBA», 3TO MOCICIHHHA STam CcymiecTBOBaHHUS (DOTOHOB,
HCHYIICHHBIX JANeKUMH 3Be3naMu. Ha 3ToM stamne gotonsl yTpaTtunu
MEPBOHAYAIBHBIC CTPYKTYPY M HAIMPABICHUE PACHPOCTPAHCHUS. DTHM
)K€  OOCTOATEIBCTBOM MOXHO OOBSCHUTh TPAaHULY BUAUMOU
Bcenennoii.
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3akaroueHue

W3 u3m0)KeHHOTO BBIIIE CIEAYET, YTO, HECMOTPSI Ha BBICOKHE
JOCTIDKCHHS B METOAAX PacucTa CBETOBBIX SIBICHHA M ONTHYCCKUX
MpHOOPOB, LIMPOKOE MPHUMCHCHHE WX HA MNPAKTUKE, HAKOILICHHBIN
OTPOMHBIF OMBIT B CO3JAaHUM M HCIOIb30BAHUU ONTHYCCKHUX
mpuOOpOoB, (u3KHUecKas ONTHKA, OT KOTOpOi Tpedyercs oOBsICHEHUE
(uznUecKol CYIIHOCTH CBETA M CBCTOBBIX SIBICHUN, HAXOAWUTCS B
KPHU3UCE U HE CHOCOOHA HU OOBSICHUTH (PU3NICCKYIO CYIIHOCTh CBETA,
HU (U3MUECKYIO CYIIHOCTh JA)KE OCHOBHBEIX CBETOBBIX SIBICHHH. DTO
CBSI32HO C TEM, UTO TEOPETUYECKas (PU3MKA MPUHLIMITMAIBLHO OTBEPIiia
caMmy HACIO CyLecTBOBaHMA 3(upa — MUPOBOH cpelbl B mpupone. bes
BOCCTAHOBJICHUS B ()M3UKE NpEAcTaBICHUA 00 »>¢upe BBIATH U3
cozaBIerocs B (PM3MKE KPHU3HCA, B TOM YHUCIE, H B TCOPCTHYCCKOM
OIITUKE, HEBO3MOKHO.

AdupoguHaMuUecKUe NPEJACTABICHUS O CYIIHOCTH CBETa U
CBCTOBBIX SIBICHH HE TONBKO TMO3BOJSIIOT paspaboTaTth BCe
HCOOXOAMMBIC IS 3TOr0 (hU3UYCCKUEC MOJACIH, HO U OOBSICHUTH TC
SBIICHUS, KOTOpBIE JO0 CHX TMOp TOIBKO JACKIAPUPYIOTCA,
MOCTYJIMPYIOTCSI, HO HUKaK He 00BsCHSIOTCS. Pazymeercs, 3T0 TOIBKO
HA4aj0, HO HET COMHECHUS, YTO MMCHHO Ha STOM NyTH (PHU3HKY B
LETOM M €€ OTHENbHBIC O0JacTH, B TOM YHUCIE H OINTHKY, MICT
CEpBE3HOE Pa3BUTHE.
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