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Ot pedarmopa

JTUM BHIIYCKOM MH HaTMHaeM IIe9aTaHMe MepPeBOHa BTOPOTO
ToMa JIeRNMuil, npounraHHeXx P. (DelHMaHOM CcrymeHTayM BTODOro
rypca. Bech marepas BToporo ToMa cocTaBIAgeT 42 rauapsl o 3aiiMer
TPH BEIIYCKa pycckoro magaums (5—7). OcCHOBHoe copep:haHme
5THX IIaB-JeRIuil — DAERTPHIECTBO, MarHeTHsM, (GU3IKA CILIONI-
auix cpen. Ocrambgsle JNeRIHHN, B KOTOPHX pAacCCKAa3HBAIGCH O
KBAHTOBOH MeXallllke, COCTaBHMIN TPeTUil TOM H BOIIYyT B DYCCHOM
nagaHun B BE. 8 u 9. HpoMe TOTO, BRI Tpu TeTpajil 3ajad
no Rypcy (mo reTpamn R KayRmomMy ToMmy). B mamen naganmm
OHH COCTABAT JOTOJHUTENBHBIN BEIYCK: «3ajaul [ yHPask-
HCHUSDY.

O Bropom Tome Xoreioch OH cmexarh XBa saMedanus. Ileproe
oraocures & 1. 19 (pen. 6). ITo me o6BIYHAA JERNIA, & CROPES AOK-
Jaj Ha HAYTHOM CeMHHAape; HOHATH er0 CMOI'YT, HO-BUAHMOMY, THIIb
caMBle CHIBHBIE CTYNEHTRL (1 TO, eclin X0Ponro nopadorawr!). Meiin-
MaH PACCKABBIBAET O TOM, KaK MORHO, ITOCMOTPER HHAYE A COBCEM
pasHee pasjeabt QU3WKM, YBUAETH MESRAY HUMH MHOTO OOHIero.
9T0 paccKas o MPHUHIONNE HAHMEHbNIEro HeilcTBus, Kar ero HOHN-
maer (DeifiEMam, a Takae 3aMedaHnsa o.OMMBKUX O AyXy 3ajadax,
KOTOPHE, KaK HPH3HAET CAM AaBTOP, HE TOHHMACT Ja;ke OH CaM.
CMoTperh HA BCe CBOUMH IJIa3aMU — 3aMeUaTelbHOE RauecTBO.
Vimenno 3to m mago moHATH, umras ria. 19.

Bropoe zamewanne oraocutes K ra. 30 (Bem. 7). B amepuran-
CKOM H3JaHmu B 8Ty riaBy B ravectse § 19 BriaroucHa camas Ha-
CTOAIIAS HAYYHAA CTAThA U3 MYy pHaaa AHrauiicKoili AKageMun HayK
(uay, KAK ee HA3HBAlT ¢ JaBHUX Iop, Hopodescroro obmecTsa).
Jta craThA HMMeeT HeMOCPE[CTBEHHOE OTHOIIEHNE K COJiep/RaHHI0
FAaBH, OHa HNOCBAI[EHA MOLEJIMPOBAHMIO HABIeHNH B KpHCTaldie.
Ho paccras o meTome Befler He NeKTOpP, a CaMM aBTOPHL MeToja —
anramiickne pusurm Bporr u Hait. IIpm stom cosgatennm kKypca
J00HBAAKCH eme OJHON IelW — IOSHAKOMHUTDL YHTaTeldsd € OpPH-
rEHAJBHON HayuHOi paboToil M3 cephesnoro sKypHada. B pyccrom
H3laHWHA TEPEeBOL ee (HEMHOTO COKPAIEeHHHII) IOMEIleH B KOHIEe
BHII. 7 B BHJe NPUIOKEHHAA.

Tax, uurasg «QeliAManoBCENe JeKnuy N0 Pusmre», Be Oyaere
MOHEMHOI'Y IpHOOIATHCA K #UBOI, paseuBaiolieiica Hayke.

A. Cuopoduncrui

Hexabps 1965 r.

P.-S. B nmonadpe 1965 r. Puuapn Peiinman BMecTe ¢ JBYMs
npyruvu puspkamm-Teoperuranu (IIBmurepom n Tomonara) sa
paboTH HO KBamTOBOI daerTpogumuaMmke moxayuuna HobeacBecryrmo
IpeMuo.
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Muoro mer Pmuapm Il. Mefinmam pasymmaser o
TAaHCTBEHHHX MeXanmsMax (HUBHYECKOr0 MuUpa u
VIIOPHO CTPEMHTCA HAITH HODPAIOK B KamYIIEMCS
xaoce. llocaegnue Jpa roma oH 0THABAN CBOIO DHEPIHUIR
emie W JAeKOUAM Uil HAUUMHAIOIMHUX CTYHLeHTOB. [l
sTHX JeRINui oH oTo0pan camoe Ba;KHOE N3 TOTO, 4TO
3HAJ CaM, M HAapucoBaa ¢uaMTecKym KapruHy Bceaen-
HOH Tak, 4TO CTYREHTH MOTJHM HagesThcsa B Hel pa-
soOparncs. B sty dexoum oH BIOYKMI 6eCK H ACHOCTH
MBICIH, OPUIMHAJBHOCTH M JKHUBOCTH METOJa, 3apasi-
TeAbHHIL BHTY3masM pacckasunka. Ero paccras mocran-
JA0 UCTHHHYIO PafiocTh CAYIIATENAM.

B ocmoBy mepsoro toma Jersm JeKIMH, OpPOYHUTAH-
HHE [JIf CTYJAEHTOB mepBoro Kypca. Bo BTopoil ®om ME
BRJIIOYANHY 3aIKCh YacTd JeKnuil JJs BTOPOTO Kypea *.
Onn Owim mpoumtaHsl B TeueHme 1962/63 yuebaorO
roga. OcraBmuecsd JeKIWHU [Jif BTOPOKYPCHHKOB BOIl-
IyT B Tperuil Tom **,

Jlexmuu 1o BTOPOTO Kypca Ha MBS TpeTH OBIA
MOCBSANIEHE BechbMa 00CTOATENLHOMY H3YYeHHI0 QUMK
pieKRTpmUecTBa m MardermsMa. [Ipm sroM mpecienona-
nack fBOAKAs Ieab. Bo-mepBRIX, MEl X0oTeanm JaTh CTY-
HGHTAM IOJHYI0 KapTUHY OJHOTO U3 CaMBIX OOJBIHHX
pasmenos (USHKH — OT MEPBHX, CAETAHHBIX OMLYIHIO
nmraros (DpanwimHa, Yepes Beaukuil cuares Makcpenaa,
10 JIOPEHIEROH DIeKTPOHHON TeOPUN CBOMCTB BEMIECTRA,
BRJIIOY A elie He PeIieHHHE TUIeMME 3IeKTPOMATHATH O
cobctBennpoll  smeprum. DBo-BTOPHIX, MHE HATEANINCH
BBeCTH C CaMOTO Hauajda WCUHCIEHKe BERTOPHBIX IIO-
Jdell m gaTh TaRuUM 06pa3oM COMUIHOE BReJieHne B MaTeMa-
THKY 10JeBHX Teopuil. U106 noguepruyTh 00myIo moxes-
HOCTH MATeMATHIECKUX METOM0B, H0poill pOXCTBEHHHIE
BOIIPOCH U3 APYyrux obmacreil pu3NKN aHATN3UPOBAINCH
OMHOBPEMEHHO ¢ HX DIeKTpHmuecKuMH aBoitmmramu. Mu

* Bemycxu 5—7.— ITpun. ped.
*#% Bunyckn 8 m 9, B HEX BOIJIH H BOCEMb AONOJHHTENh-
HEIX Jeruuii.— IIpun. ped.



OHITAANCH BCE BPeMsI BHEJPATH B CO3HaHUE OOIMHOCTH MaTeMaTHR
(«ommuAROBBIE yPABHEHNMS HMEIOT ONMHAKOBHE peNmleHmsm»). ITOo
HOTIePRARBAIOCH XapaKTepoM YUIPAKHEHHIT, 8 IOTOM I 9K3AMEHOB.

Iocne smerTpoMarHeTusMa fiRe IIaBH HDOCBAMIEHHE YOPYTOCTH,
a MBe — TEUeHHIO UAR0oCcTH. B meproit raase Kaxkxol m3 9TUX TeM
0BCY/RAAIOTCA JINITL DJIEMEHTADHBC U UPAKTHYECKHE BONPOCH,
BTOPHIie INTaBhl HOCBALLEHE ITONHTEE 0030pa BCEIO CIORHOIO KPYra
sABJIenIil, K KOTOPHM BeleT PaccMaTPHBAeMAs 3a7a9a. JTH YeThpe
r7aBH, BIPOYEM, MOskHO 0e3 0coboro yrepba onyCcTuTh, HOCKOIbKY
ORI BOBCC He 00A3ATENbHM A MOHNMAHILA MaTe prajia.

IMpuMepHO BCA DOCHAEIHSAL YTEEPTH BTOPOr0 Kypea OHIa HOCBA-
IeHa BBENEHII0 B KBaNTOBYI0 Mexanury. OHA BOmIIA B TPETHI TOM.

Iy6anrysa sanucs dexiuit MDeliaMana, MH XOTeIN OCYIMECTBHT
HeuTo Goublnee, HEKEIM IIPOCTO MEPENO/KHTH Ha OyMary To, €9T0
OBL10 UM CRas3aHo ycrHo. Mbl Xoreau, uTo0n Ha GyMary Xak MOsKHO
Gomee ACHO JIOTJIM Te UAEHM, HA KOTOPHX OCHOBHBAINCH JEKI[UHU.
Jas HeKOTOPHIX JEeROEH BTOr0 yAAJI0Ch KOOHTHCS, TPHILTIOCH BHE-
ety AWML HeGOABMIYIO HPaBKY B cTeHorpaduieckme samucu, APY-
rue ke DoTpeGoBaNy 3HAYUTENbHON PAGOTH U [OBOJIBHO CEPbe3HOTO
pemaxTuposanus. VHorga M YyBCTBOBANH, WTO HONA Oojbimei
ACHOCTY HY;KHO BKIIOUUTH fobaBouHnlii mMarepuman. [Ipm oTom Mb
opuberalu IOCTOSHHO K TMoMomu u coseraM camoro QeiimMana.

«ITepeBOX» B CTOIb C:KATHIE CPOKH CBHINE MUJIIHMOHA YCTHHIX
CIOB B CBABHHIHA TeKCT — pabora rpomMajfHas, 0COOEHHO eCIl K DTOMY
emte fo0aBAANTCA Apyrue 00S3aHHOCTH, CONPOBOKAAOMLAE 0OBIHO
YTEHHe HOBOI'O KYPCa,— IMOATOTOBKA K ONPOCY, CeMUHADH, YIpajk-
HeHHsA, 9K3aMeHH & T. . [HoTpe6oranoch MHO/KECTBO PYK M TOJOB.
A Bce ke HageIOCh, 9TO B psAJE CAyYaeB HAM YAAI0OCh BEPHO OTPAa3UTh
pelinmMaHOBCRAE opuruHAn. B gpyrux ;Ke MH ORasajJuCh OYEHD
jJanexnm oF ugeana. Hammmm ycmexamu Mul 00sS3aHE BCeM, KTO
momoras HaM. Mul ouenb cosxalieeM 0 Heynayax.

Hax MB1 mogpo0HO 00BACHANHA B IPEJUCIOBUE K IIEPBOMY TOMY,
3TH NeKOWH OBUIM BCEro YACThX HPOTPAMMHEI, KOTOPYIO HAMETHN
¥ 3a BHIIOJHEHWeM KoTopoil ciepmn HoMmmreT 1o mepecMoTpy Kypca
(P. Jlefiron — npencenarens, I'. Heep u M. Cannc) KAJATEXa opu
¢unancosoil mopnep:xre Monga Moppa. Hpome Toro, B MOATOTOBKE
TEeKCTa JIeKIuit BToporo ToMa yuacreosanum 1. Hoxm, M. Kaefiton,
0. Kypmuo, 1. Xapra, T. Xapseir, M. Nspaovas, B. Hapsac,
P. Kasamax, . Marsioc, M. Ilmeccer, @. Yoppen, B. ¥Ysitaunr,
C. Yurnte m B. Hummepman. B palGoTe HAX JeKOUAMHT IIOMOTaNH
ix. Bowo, x. Yaunun, M. Haaysep, P. Hoanen, I Xunx n
A. Taiita. Mue xotenoch 651 0c000 cKa3aTh 37{eCh O MOCTOSHHOR T10-
momu mpodeccopa Hofirebayepa. U Bee e ecnu G5 He BRAAIOIIEECS
JapoBaHue W aKTUBHOCTH camoro (DefirMaHa, TO BTOT paccKas o
¢usnKe, KOTOPHIT BH cefiuac wmraere, HUKOTTa OBl He IPO3BYUA.

Moaomuwio Candc
MapTt 1964 r.
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AJIERTPOMATHETII3M

Iraaea

§ 1. Guenmprieckue cuan

PacemorpaM cuiry, rotopast, 0og00HO TATOTE-
HH, MeHSeTcs ofparHO KBagpPaTy PAacCTOAHMA,
HO TOJABKO B MUALIUOH OUAALOH08 OUALUOHO8E
6uaauonos pas Gouxee cmabuyo. VI Koropas o0T-
augaercss eme B ogEOM. llycTh cymecTryoT ABa
COPTA (BEIIECTBA», KOTOPHE MOKHO HAZBATH II0T0-
JRUTEIBHBIM M oTpuuareapHbiM. llycrs opuuano-
BBle COpPTa OTTANKUBAKOTCH, & pasHble — IpUTA-
TUBAIOTCA B OTIUYHE OT TATOTEHUs, IPH KOTOPOM
OPOUCXOANT TONBKO HmpuraA:KeHue. Uro ;xe rorma
CAYyINTCH?

Bce momomurensHO® OTTONRHETCS CO CTPALI-
HOIl CUJOH W PasieTUTCSA B pasHble CTOPOHH. Bce
orpunatenbrnoe — tosre. Ho coscem apyroe npon-
30Mimer, ecam HONO/KRUTENBbHOE WM OTPUIATEIBHOEe
mepememars mopoBHY. Torma OHEH € OTPOMHOU
CHI0f DPUTAHYTCA APYT K APYTY, M B UTOrE BTH
HEBePOATHBIE CUJIbl IOYTH HADEJAO cOaTaHCHUPYIOT-
cs1, o0pasys IUTOTHHIE «MEAKO3EDHUCTHIE» CMECH
IOJOKUTENBHOTO I OTPUIATEABHOTO; MEARLY IBYMS
rpyfaMu TaRWX cMecell NIpaKTHIecKu He Oyjer
OUIYIATHCS HYM NPUTAMKEHUS, HH OTTAJKHBAHUA.

Tarag cwia CYIECTBYET: DTO DHJIEKTPHUYECRAS
cuna. M Bce BOmECTBO ABASETCS CMECHIO ITOJO;RI-
TeAbHBIX IPOTOHOB U OTPHLUATEIBHHX DIIEKTPOHOB,
UPHUTATHBAIOMUXCA B OTTAMKABAOIIUXCHA ¢ HEHMO-
pepuoit cuwroil. OpHaro 6alaHC MeRIYy HAMHA CTOIb
COBEPIIEHEH, YTO, KOIJA BLl CTOUTE BO3JE KOIo-
HEOYXb, Bl HE ONmYmaere HUKAKOTO fAelicTRUA
31Ol cmanl. A ecxu Om Gamamc HAPYUIMICH XOTh
HEMHOKKO, BB OB 8T0 €pasy I0YYBCTBOBAJM.
Ecan 61 B BallleM TeJle WIN B Tejxe BaIlero coceqa
(cTostImero ot Bac HA PACCTOSIHHUM BHITAHYTOH PYKH)
BICKTPCHOB oKasaloch Ok Bcero ma 1% Goabme,
YeM OPOTOHOB, TO CHIA BAIIEr0 OTTAJKUBAHHA
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6ma 6u mesooGpasuMo Goxbmoii. Hackombko Gompmoit? Iocra-
TogHOI, uTo6E MOEATH HeGockpe6? Boasuie! [loctaToumoi, aTobmt
ODofHATH ropy 9sepect? boabme! Culb OTTanKABAHUA XBATHIO OH,
9100H DOJHATH «Bec», PABHHIL Becy mameit 3emun!

Pa3 Tarme OTpOMHBEIE CHJIH B BTUX TOHKHX CMECAX CTOJb COBEp-
menHo cOanaHECEpPOBAHEI, TO HETPYAHO HOHATH, 9TO BeINECTBO,
CTPeMACH yeP;KaTh CBOM HOJOKUTENBHEE I OTPHUATENbHEE 3aPs-
Bl B TOHYalmieM PaBHOBECHH, MOJKHO 00dagarh OOABIIONH eCTHO-
CTHI0 I mpouHOCTE0. Bepxymra neGockpeba, craskeM, OTKIOHAETCA
IpH TOPphIBAX BETpa JUINL HA APy METPOB, MOTOMY UTO SaeKTPH-
WOCKUe CINIH YHAEPRHUBAIOT KaKABIN DIEKTPOH W KakAHIl mpPOTOH
Gosee mnm MeHee Ha CBOMX MecraX. A ¢ ApYroii CTOPOHH, €CIH pac-
CMOTPETHh JOCTATOYHO Malo€ KOJHWYECTBO BEIIECTBA TAaR, UYTOOH
B HeM HACUMTHBAJIOCH IHUUTH HEMHOTO ATOMOB, TO TAM HEODA3ATEALHO
OyJieT paBHOE TUCIO TONOKATEABHKX U OTPHUATEIbHBIX 33 PAOB, U
MOTYT LPOABUTHCA OOJBINHE OCTATOUHBIE DICKTPHICCKNE CHIEL.
Hasie econ umena TeX W ApPYyTuX 3apAXOB ONUHAKOBHI, BCE PAaBHO
MERIY cocefHUME 00JaCTAME MOKET AelcTBOBATH 3HAYHTENbHASL
paeKTpuueckas cmia. Ilotomy wTo cmaml, peficTRylommue MEmRAY
OTHENBHEME 3apafaMu, H3MEHAIOTCA 06pPaTHO NPOTOPHHOHAIBHO
KBajpaTaM PacCTOSHMH MeRIy HHEMH M MOMET OKAasaThCa, UTO
OTPHIATENHHEIC 3aPSAIBl ONHON gacTd BeIiecTBA OJM/KE K IIOJOKH-
TEJIBHEIM 3apAzaM (Lpyrodl dacTm), 9eM K oTpunartelbHrM. CHIB
UPUTHKEANA TOTAA HPeB30IAYT CUIH OTTAAKHBAHWA, K B HTOTE
BOSHHUKHET IPHTSIREHNEe MEKIY ABYMA UacTAMH BEIECTBA, B KOTO-
puiX Het mabmrirouHoro sapspa. Cmia, YHep/KUBAOMAS ATOMB, H
XUMUUIECKHE CUJIBI, CKPEIISomye MeXIY co00H MOJERYJIH,— BCE
3TO CHJIHL DJEKTpPHYeCKHe, NeHCTBYIONINE TaM, e THUCI0 3apPsAfoB
HEOJMHAKOBO WIH THe NPOMEKYTRE MERAY HAMH Madbl.

Byl zpaeTe, KOHEYHO, YTO B ATOME HMEIOTCSI IOJOMRATEN bHEE
OPOTOHK B AXPEe M HIEKTPOHBl BHE sApa. D Momere cupocurh:
«lcnu 3TH DIEKTPHUYECKHE CHIILI TAK BENHKH, TO II09eMY ke IIPo-
TOHHL M DJICKTPOHK He Haxe3aoT Apyr Ha mapyra? KEciwm onm crpe-
MATCA 06pa30BaTh TECHYI0 KOMIAHWIO, ModeMy OB eif He CTaTh eime
reciee?» OTBeT C¢BsI3aH ¢ KBaHTOBHEMHE d¢Pextamu. Ecau mons-
TATHCA 3AKAIOUNATH HAIIK DIACKTPOHH B Mansil 00beM, OKPYKAIOM I
MPOTOH, TO, COTIACHO NIPUHIIUIY HEONPeJeeHHOCTH, ¥ HAX HOJIKeH
BOSHHKHYTDL CPENHMI KBAIPATHIHHN BMIyAbc, TeM OonbIHmil, eMm
cuiabHee MH HX orpammauM. VmenmHo aro aBum:kenue (TpebyeMoe
3aKOHAMHE KBAHTOBOH MEXaHWKH) MelnaeT 3JIeKTPUIECKOMY TPHUTH-
sremio eme Oosabine cOMMBUTH 3apAXHL.

Tyr BozuuKaer Apyroii sonpoc: «Uro crpenssier axpo?» B agpe
HMEeTCH HEeCKONBKO OPOTOHOR, I BCE OHM IO O0;KATEIBHO 38 PSKEHBI.
ITouemy sxe onn ne pasieratorcss? ORasEBaeTCs, UTO B s pe, IOMHAMO
DIEKTPHUCCKIX CHJ, elne MAeHCTBYI0OT I HedJeKTPHIecKHe CHJIHL,
HasHBaeMue adepHumy, JTH CHIB Gonee MOIHEe, YeM MIeKTpude-
CKHe, W OHH cHoCOOHH, HECMOTPSA Ha BAEKTPHYeCKOe OTTaJKHBaHLe,

.
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yAepmaTh IpoTons BMecre. JleficTBHe ANePHHX CHI, OfHAKO, HPO-
cTpaeTcd HeNAJeKo; OHO majfaeT ropasgo Oucrpee, wem 1/r%. U aro
OPHEBONMT K Ba;KHOMY peayinraTy. Eciu B Axpe uMeercsa CIumikom
MHOTO IOPOTOHOB, TO PO CTAHOBHUTCA Yepecdyp OONBIIAM H OHO
yie He MokeT yAep:sarsea. llpuMepoM Moxer cay;KuUTh YpaH € ero
92 mporonamu. nepHEe CUIH AeHCTBYIOT B OCHOBHOM MEKTY TIPO-
ToHOM {mnm HefirpoHoM) u ero OamKallmmM cocemoM, a BIEKTPUYE-
CKITe CHJH JeHCTBYIOT Ha OOMbLIXE PACCTOSHUA ¥ BEISHIBAIOT OTTAJ-
KHBaHHe KaaJ0r0 NIPOTOHA B AA(pe 0T BeeX ocTainbHHX, Uem Goabie
B sIpe IPOTOHOB, TEM CHJIbHEE IIEKTPHIECKOEe OTTANIKHBAHUE,
moKa {KaK ¥y ypaHa) paBHOBECHe He CTAHET CTOJb MIATKHAM, 9TO AAPY
OOYTH HUYET0 He CTOWT PasiereThcs OT AedCTBHA 3ACKTPHICCKOTO
orranknsanud. CTOHT ero 9yTh-9yTh «TOJKHYTHY (HampHEMEp, IIO-
claB BHYTPb MEIJCHHHI HefTPOH) — ¥ 0HO pasBaJMBaeTCA HaaBoe,
Ha [Be MOJOKHUTETbHO 3apsSyKeHHBIe YacTH, pasieraiomuecd BPO3b
B PE3YJABTATE 3IEKTPHYECKOro OITANKMBAHHA. OHEPIusA, KoTopas
Opu 5TOM BHICBOGOMKIAETCS,— 9TO DHEpPruUs aTomMuoil OomOm. Ee
00BYHO MMEHYIOT «AjepHoily 9Heprmeii, XoTd HA CAMOM [EJ€ ITO
«YIERTPHIECRAA» DHEPTH, BEICBOOOMaeMasd KaR TOJABKO BIEKTPH-
YecKHUe CITH HPeB30HAYT ANePHEE CHUIH IIPUTSAKEHNU.

Haromen, M0:KHO cmpocmTh, 9eM CKPEIUIAETCS OTPHIATENbHO
3apsIKEeHHBI 37eKTpoH (Befb B HeM HeT aAfepuEX cui)? Ecan anex-
TPOH BECh COCTOUT W3 BeIUECTBA OXHOTO COPTA, TO RAKIAA €0 9acTh
JOJI;KHA OTTANKUBATE OCTANbHHE. Toryfa moueMmy ke OHEM He pasie-
TAIOTCA B PasHble CTOPOHH? A TOTHO JIM CYMECTBYIOT V BIEKTPOHA
«uactmy? Moxker OHTB, clleflyeT CUHTATH DIEKTPOH IPOCTO TOYKOM
H TOBOPHTbH, YTO DIEKTPHYECKHE CHIH TEHCTBYIOT TONLKO MeMKIYy
PasHBMU TOTEYHKME 3aPAIaME, TaK 9T0 3JIeKTPOH He JeHcTByeT caM
Ha ce0s1? Bosmoxno. ExuacTBeHHO, YTO MOKHO ceilyac cKasaTh,—
9TO BONMPOC O TOM, 9eM CKPEIIeH BAEKTPOH, BHABAJI MHOIO TPYIHO-
cTeil Opu NONKTKe CO3MATh IOJHYI0 TEOPHIO BIIEKTPOMAarHEeTHSMa.
W oreeTa Ha BTOT BOMpPOC TaK ¥ He moxydmian. Mu saliMemcs obcyx-
JeHHeM er0 HEeMHOTO TO3:Ke.

KHar M Bupienam, MOKHO HaLesAThCHA, YTO COUCTAHEE DIEKTpUIe-
CKHEX CIJ1 M KBAHTOBOMeXaHEIeCREX 9P (eKTOoR O PeleduT CTPYRTY PY
OospIINX KOJMIECTB BemecTBa M, Cle0BATENBbHO, MX CBoiCTBA.
Onau MaTepmaiil — TBepake, APyrHe — markume. Hekoropse us
HEUX ~ DJIEKTPHICCKHE (IPOBOJHHKH), HOTOMY 4TO UX JJEKTPOHH
cBODOMIHEL 1 MOIYT ABHIATbCH; APYTH€ -— (U3OMATOPEY, MX DICK-
TPOHK NPHUBISAHK KKANA K cBoeMy aroMy. Ilos:ke MBI BRACHUM,
OTKY/A NOARBISIOTCA TaRue cBoiiCTBa, HO BOIPOC DTOT OUEHD CHOMKEH,
mO9TOMY PACCMOTPHM CHAYaJa DIAEKTPUYeCKHE CHJIB B CAMBIX IIPO-
CTHIX cuTyanusaX. HagneM ¢ m3yueHus ofHMX TOJIBKO 3aKOHOB dJe-
KTPHUYeCTBA, BRIOTUR Ciofla W MarHeTH3M, TaK KaK H To I Jpyroe B
JIefiCTBUTEIBHOCTH CYTh ABICHHA OAHOH M TOH ke HPHPOIH.

M=ur crasanm, 970 IEKTPHUYCCKHE CHAB, KAR M CHIH TATOTeHUA,
YMeHbIIAOTCA 00paTHO MPOLOPIMOHANBHO KBAAPATY PpPaCCTOSHIN
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MOsRILY 3apafaMi. JTO COOTHOINEHNEe HasHBaeTcs sakoHoM Hymona.
QnEAKO 9TOT 34KOH TEpecTaer BHIOIHATHCH TOYHO, €CHIH 3apALL
IBIGRYTCA. JIEKTPUTIECKIe CINTHL 3aBUCAT Taiyke CIO/KHBRIM 06pa-
30M H OT ABWKeHUsi 3apagos. OpgHy us wactell cuiasl, neflicTBytoilel
ME;EAY ABIDRYIHMUICS 3aPAIAMII, MBI Ha3HBAEM MAeHUINMHOL CILIOIL.
Ha camon sxe geae 370 TOJABKO OTHO 113 IPOABACHUIT 3IeKTPHILCHOTO
geficteusa. Iloromy MBI 1T TOBOPIM 00 «RIERTPOMAIHETH3MEN.

CyImtecTByer Raskubili o0n(uil MPHMHNNN, HO3BOJMIOMUI OTHOCH-
TETHHO MPOCTO M3YYATh 2AERTPOMATHNATHBIE cuIbl. NMpl ofHApy -
BaeM HKCOePHMEHTANBHO, UTO Ciia, AeilcTBYOMAS HA OT/AeIBHBII
sapfan (He3aBIICHMO OT TOTO, CROJBKO TAM €IIe eCTh 2apsaJ0B ILIH
KaR OHII JBILRYTCA), 3aBHCTT TOJIBKO OT MOJTO;REHHS DTOIQ OTAENb~
HOTO 3apsAfa, of ero cropocetn I peamauus. Cray F, peficTpyio-
Iy Ha 3apA ¢, ABIDKYILLUICA CO CKOPOCTBIO V, MBI MOMEM Ha-
mniicarh B BHE

F—=gq(E~ vxB); (1.1)

anech E — saewmpuueckoe nouge B TOURe DaCICIOREHIIA 3apafa,
a B — maznummnoe nose. CyniecrBenio, 4to 3JIeKTPUYECKIIE CHLIHI,
NeliCTBYION[II¢ CO CTOPOHB BCeX MpouiX 3apsnos Bceerennoii, craa-
AHIBAOTCA I AI0OT KAK pPas dTH B BEKTOPA. SHAYCHHA UX 34BICAT
OT TOTO, 206 HAXOMMTCS 3apH, I MOTYT MEHATHCT CO GPEMEHEM.
Fcanm MB 3aMeHnM 3101 3apa APYyTMM, TO cmia, HeilcTBYOMAa Ha
HOBHIL 3apsAp, H3MeHAETCST TOYHO UPONOPHWOHAIBHO BEIMYNHE
3apARa, ecad TOJIbKO BCe Ipoule 3apsalsl MHpa HE MEHAIOT CBOEro
IBILKeHNHA wam nojo:kenuss. (B peaabHBIX yCaHOBUAX, KOHETHO,
Kamaslil 3apan fgeiicTByer Ha BCe HpodYne PACHOJOMKEHHBIE IO CO-
CeJICTBY 3apPANH M MOJKET 3ACTABHTH UX OBHUIAThCSA, TAK UYTO HHOITA
OPH 3aMeHe OJHOTO HAaHHOTO 3apAfa APYTHUM OIS MOo2ym W3Me-
HATHCA.)

M3 marepmana, M3M0eHHOTO B IePBOM TOME, MBI 3HAEM, Kak
ONpEeNeNuTh ABWKEHHE TACTUIIBI, €CIY cuaa, AelicTBYIoniast Ha Hee,
m3secrHa. ¥ pasnenne (1.1) B coueraHmH ¢ ypaBHeHHEM NBI/KEHMA
Jnaer

d mv
—_— | — | = S E—l— B, 1.
i | | = P= (B vxB) (1.2)

3ravur, ectu E u B usBecTHH, TO MOMKHO ONPEREINTH [BHLCHHE
sapaAnoB. OcraeTca TOABKO ysHATH, Kak moiayuatores E m B,

Onwe u3 caMbIX BayKHHIX HPWHHUIIOB, YIPOIMAIONMHUX TOJyIeHne
BeJIHYHMHBI ToJeil, cocrour B ciegyomeM. IlycTs nekoTopoe xoxwm-
9eCTRO JBURYIAXCA RaKIM-TO 06pa3oM 3apAxos cosfaer moie E,, a
Apyras COBOKYOHOCTH 3apsapos — noie E,. Ecam meiictsyior oba
pafopa 3apAN0B OHOBPEMEHHO (COXPAHAA Te JK€ CBOHU IIOJOMOHUA
B JBIGKeHHNS, KAaKUMH OHEH 00Jaflall, KOTAA paccMaTpHBAJIHCh
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]IOpO3Hb), TO BO3HHKAaIOIIee IioJe paB-
HO B TOYHOCTH CyMMe

E=E, +E,. (1.3)

HANBOJEE YACTO

YIIOTPEBGJSEMBIE

FPEYECKHME LBYXBbI

dtot parT HA3LIBAETCHA NPUHYUNOM HA- a—aasda
aoxcenus nonelt (mam npunyunom cy- p—@dera
nepnosuyyu). OH BHINOXHAETCS U JAIA T'y —ramma

MAarHUTHHX IIOJeil.

Ad—neanvra
£ —3HCNIOH

IIpuauun 3T0T 03HAYAET, 4TO €CIH £ —sera
HaM M3BeCTeH SaKOH IS BJIeKTpHIec- f|—oTa
KOPO M MarEETHOTO Iojeil, 06pasyeMpix 00 —Tara
00UHOYHBM — BAPATOM, ABIGKYIIIMCSH ;:ﬁgg’m
OpOU3BOJBENM 00pasoM, To, 3HATHT, Ad —nambia
HAM H3BECTHHI BCE 3aKOHBI 3JIEKTPOJH- 1 —Mmio
gamMuku. Ecau MBI XoTHM 3HATH CHIY, _V—H0
melicTByoNlyIo Ha 3apsany A, HAM HYKHO "‘%___‘;;yp’mpon
TONBKO PACCUYATATL BEIMIHHY IIOJdel ot —mm
E 1 B, co30aHHNX Ka/kIHM I3 3aPAL0B 0 —po
B,C,D ur. n, u caomurs BCE BTH Zo —enrma
E n B; Tem camMBEM MH HaifiieM NoJd, v-—Tay

. Yv —uncuiaon
a W8 HUX — CHJIHI, JeiicTBylomze Ha A. g —u
Ecmm 6m oxasanocs, uro mode, cosia- ¥ —Xn
BaeMoe ONHMHOYHBIM 3apAAoM, OTANYA- Wp —men

ercst MPOCTOTOH, TO 9T0 CcTAamOo OB ca- Q@ —ouera

MBIM U3AIIHBIM CIOCOGOM OUHCAHUA
BaKoHOB dAeKTporuHamurn. Ho M yixe
OIHUCHIBANE DTOT BaKOH (CM. BHI. 3, I'i. 28), U, K CO;RaJeHHIO, OH
I0BOJIBHO CJOMKEH.

Ora3swmBaeTcs, uto GopMa, B KOTOPOW 3aKOHBL DJICKTPORHHAMUKY
CTAHOBATCA NPOCTHMH, COBCEM He TaKas, KaKOH MOMHO OELIO OFI
osunars. OHA He TpocTa, ecAH ME 3aXOTUM HMETH (POPMYaY RIS
CUIH, ¢ KOTOPOil ofun 3apAf Aeiicreyer ma npyroil. llpasia, xoraa
3apAgb HOKOSTCS, 3aKOH CHJIH — saKom Hyldoma — mpoct, HO
KOTZia 3apAAHN ABHIKYTCS, COOTHOIIEHNUS YCHOKHAITCA H3-3a 3ala-
SIHBAHUA BO BPEMeHH, BIUAHUA YCKOPEHHA U T. 1. B uTore Jaydime
HE TBITATHCA CTPOUTH DIEKTPOMHAMUKY € IOMOMIBIO OJHHUX JIHIIbL
8aKOHOB CHJ, MelcTBYIOIIMX MeKAY 3apAfamm; ropasmgo 6Godee
IpuemieMa Apyras TOYKA 3PEHUS, IPU KOTOPOHA ¢ 3aKOHAMH dJIeK-
TPOOUHAMHUKH Jerde YTPaBAATHCHA.

§ 2, 8/lemnputtecmw wn MAZHUMNMHbLIE 1T0AA

IleprriM meaoM HYIKHO HECKOJBKO PACIHHPHTEH HAIIH IIPEACTAB-
Jdenus o6 daeKTpEIecKkoM 1 MarEaTHOM Bertopax E u B. M ompe-
JedIIN BX depes CWIH, faeficTByomue Ha sapaf. Tenmepb MH HaMe-
peBaeMcs TOBOPUTE 00 SJIEKTPHIECKOM M MATHUTHOM IOJXAX B Mouke,
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-
— @ u e 1.1. Bekmoproe noae, nped-
-— -— cmaeaeHHO0e MHONCECMEOM C(MPELOK,
— JauHaG U HANPaeLEHUE KOMOPHI om-
— o MEUAIOM BeAUYUHY BEKMOPH020 nNoAl
e 6 mexr moukaxr, omryda ewxodam

— e - cmpearu,

.
.

Jaske ecNH TaM HeT HHKAKOoro sapsga. CaefoBaTeabHO, MR yTBE Pii-
HaeM, 9TO pas Ha 3apsf «ieHcIBYIOT» CHIB, TO B TOM MecTe, The
OH CTOSLJI, OCTRETCHA «HETTO» M TOTHA, KOTHA 3apAd OTTyda yOpad.
Fenn sapan, pacooao:xeHuE B ToUKe (X, If, z), B MOMEHT ¢ oLlymaer
aeiictene cuanl F, cornacuo ypasuenmio (1.1), To Mpt cBsssiBaes
ekrops! E u B ¢ mouroil (x, y, z) 8 npocrpanctee. Moskuo cauTtars,
aro E (z, y, z, ) u B (z, y, 2z, t) nawt cunsl, geficTBue KoTOPHX
OMYTHT B MOMEHT { 3apAJ, PACHONO:ReHHHH B (2, I, 2), RPU Ycl08UL,
970 TOMEIIEHNe 3aPANa B DTOH TOUKE He nompegoxcum HU PACIO-
JO/ReHnsI, HU [OBWKEHHA BCEX IIPOYUX 3aPANOB, OTBETCTBEHHHBIX
3a TOJAA.

Crenyst 9TOMy T PERCTABIEHHIO, MBI CBA3BBAEM € KaxCJoli TOIKOM
(z, y, z) npocrpancTBa ABa Bekropa E m B, cliocOGHBIX MEHATHCS
€O BpeMeHeM. JJIeRTpruIeCKHe W MaTHUTHHE HOJS TOT[a PaccMarpu-
BAIOTCH KaK éeKmopHule Pynkyuu ot z, Y, z u t. [TocKonbKy BeKTOD
olpefensieTcss CBOHMHI KOMIIOHEHTaMHd, TO Kaykioe wu3 HoJjed
E(z, v,z t)uB(z,y, z t) apexcrasaser co0oil Tpu MareMaTHue-
cxue QyHROUYU OF Z, Y, 2 u L.

Nmenno noromy, wro E (mam B) Momker OHTBH olpenenemno
IiA KQKIOoM TOTKU TPOCTPAHCTBA, e7'0 B Ha3KBAoT «HoieM». [loxe —
oto mobas puspdecKas BeAmdHHA, KOTOPAs B PA3HHIX TOYKAX ITPO-
¢TpaHCTBA IpUHEMAaeT paznmunsie sHadenmsa. CrajxeM, TeMIepa-
Typa — 3T0 mojie (B D9ToM cJIydae CKAJIAPHOE), ROTOPOE MOIRHO
sanucatsb B Buge I (z, y, z). HpoMe Toro, reMuepartypa Mosker Me-
HATHCS U BO BPEMeHH, TODa ME CKasKeM, UTO TeMIePaTypHoe MoJle
3aBHCUT OT Bpemenu, u uanumeM ' (z, y, z, £). pyrum npavmepom
LOJISA MORET CAYRHUTD (I0Jie CKOpOoCTely Texylleil :mupKocTn. Mu
3aIlUCHBAEM CKOPOCTh JKUAKOCTH B JI000H TOYKe NPOCTPAHCTRA
B MoMeHT ¢ B BHpue V (z, ¥, z, t). Iloxe ato BexTopHOE.

Bepremcs K 0JIeKTpOMAaTHUTHHM I0JdSAM. XoTA (OPMYJH, IO
KOTOPHIM OHU CO3NAIOTCA 3apPAfaMu, ¥ CIOKHHE, ¥ HUX ecTh CAeRyio-
mee BayKHOE CBOMCTBO: CBA3H MEJKIY SHAYCHHMAMH Lodell B HeKomo-
poil mouke W 3HAUEHUSIMH UX B cocedHell mouke OYeHb I POCTA.
Hecronprux Tarmx cootnomenuil (B8 ¢opme mupdepeniranbanx
ypaBHeRHIL) 10cTaTOYHO, YTO0OH HOJIHOCTHIO ONECATEH moxs, ViMenno
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@ v 2. 1.2. BekmopHoe nose, nped- /’/
CMABAEHIOC AUHUAMU, KOCAMEAbHbL-
MU K HANDABACHUIO 62KMCDHOZ0 NOASL /

6 Kax ol mouke.

IIaomuoems aunull yraavieaem BeAUNUNY —D—
gexmopa noia. \

B Taxoil dopMe 3aKOHH BIEKTPOHHAMHUKH H BHIMAIAT 0c0o0EmHO
npocTo.

Hemano wmsobperatenbroctn OBUIO TOTPavueHo Ha To, YTOOH
IOMOYE JIOAM MBICIEHHO IIpefcTaBUTh IoBeAenne Womed. Y camas
OpaBUIbHAS TOYKA 3PEHHA — HTO caMmas OTBIEUEHHASA: HANO TPO-
CTO paccMaTpPHBATh HOJA KaR MaTeMatwdeckue QyHRHUM KOOPAM-
HaT n Bpemenn. MoyxHO TaK/ke IOMBITATHCS IOJAYIUTH MEICICHHY IO
KapTHHY IOJsA, HAUePTHR BO MHOTHX TOIKAX IIPOCTPAHCTRBA IO BEH-
TOPY TaK, 4T00Bl Ka:kAelil W3 HMX UOKA3KBAJ HAIPAKEHHOCTH H
HampamieHue Hoas B 9roif rtouwe. Taxoe mpepcramienme mpuUBO-
gurca Ha ¢ur. 1.1. Momuo woiitit m janbnie: Ha4epPTUTH JHHUH,
Kotopeie B a1000if Touke OyAyT KAacaTeIbHRIMH K STHM BEKTOpaM.
Omm rax 0w CcaegyoT 3a CTpPEJAKAMH M COXPAaHAKT HAIpaBleHHe
noxas. Ecanm 870 cmenars, 10 cBeflennA 0 O4UHAX BEKTOPOB OyayT
YTEPAHH, HO WX MOKHO COXPAHNUTH, eclIH B TeX MeCTaX, IJie Hamps-
JKEHHOCTH IOJA Majla, IPOBeCTH JHHUH TMOpEke, a Ife Belnka —
porymie. JloroBopuMcsa, 4T0 YucA0 AUHUL Ha eduruyy naoujadu,
pacmonokenHoll momepek JMuEHWH, OygeT NPOHOPUUOHANLHO Ha-
RpAJNCEHHOCMY, ROAL. ITO, KOHETHO, Bcero JIHmb OpubamxeHne;
MHOTJa HaM mpupercs Ho0aBisATb HOBHE JMHWH, YTOOK WX KOIH-
YecTBO 0TBEYANo Hamps:keHHocTH mois. Ilome, mzobpaskemmoo Ha
¢ur. 4.1, npeacrasneno nunusMm moias Ha ¢ur. 4.2.

§ 3. Xaparxmepucmuru eeKmMoOpHHLX Nnoaett

Bertopupe mons obmamaioT ABYMA MaTeMAaTHIECKI BaKHBIMH
cBOETBAME, KOTOPHIME MHl OyHieM HOJb30BAThCA LpPH OHHCAHUE
33KOHOB YJeKTPHIECTBA ¢ MoMeBOl Toary 3penns. Ilpencrasum cebe
3aMKHYTY HOBEPXHOCTH ¥ 3aJaIuM BOIPOC, BHITEKaeT IH W3 Hee
«HEYTOY, T. €. obJajaeT JIW IMoJe CBOHCTBOM «mcreueHusn? CraykeM,
JUIA TONS CKOpOCTeH MEI MOKeM HOWHTEDPECcOBATBLCS, BCETHa JIH
CKOPOCTh HaUpaBleHa OT HORCDPXHOCTH, WIH, B Goxee olmeM Cay-
gae, BHTEKaeT AW #3 HOBEPXHOCTH GOXBIIE KUMKOCTH (B eNUHHIY
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] /
!

N Kamnonenma N
nepnenduxyASpHaS
K TO6EPXHOCHY

NosepxHOCHTID

DPue 1.3. IHomor  ecxmopro20
nOAS wepes nosepaiiocmb, onpedelse-
Mol Kok npouseedertue cpedrezo 3Ha-
YeHUA  nepneHJURYIAPHOU  cocmas-
agwuell eexnmopa 1a n1owads Mol
nogepaHocmIL,

BPEZ\IGHII), HEReJI BTERAaer. OGmee ROAWIECTBO KUITHOCTH, BHITE-

Kamwinee gepes IMOBEPXHOCTh,

Mbl Ha30BeM

«HOTOKGCM CROPOCTH»

yepes IOBEPXHOCTDL 3a efMHWILY Bpemenu, IloTor wepes simement
I0BEPXHOCTH DPABeH COCTABIAIONCL CKOPOCTH, TIEPIeHAMKY A PHOI
K 2JIeMEHTY, YMHO;REHHOH Ha ero mioimans. [las mponssoabHoil

32MKHYTO TOReDXHOCTH CYMMUD -
MYl nomox paBeH CpefHeMYy 3Ha-
eHUI0 HOPMAaIbHOII KOMIIOHEHTLI
CROpOCTH (OTCYIHTHBAEMOIl HApPYy-
JRY), YMHO/REHHOMY Ha HiIomapab
TOBCPXHOCTH:

Horok = (Cpexnaa HOpMajbHAA KOM-
nonegra)-([Imouwaas mosepxHocTH).

(1.4)

9JIEKTPHUIECHOT O

MaTeMaTH9Y2CHH
¢xogHnoe ¢
MH TOe

B caygae
MOJAsT  MOKHO
OIIpelelIuTh TOHATHE,
OOTOROM KHUIKOCTIH;

D ue 1.4.Hose cropocmell 6 xcud-
kocmu (a ).

ITpedcmasvme cebe mpyb6KY nOCMosHHO20 ce=
NEHUSA, YAOHCEHHYIO 6004b  MPOUIEOALHOT
samrrymol rpusoli (6). Ecau scudxocms
8HE3QNHO 3aAMOpOsUMb  nogcioly, KHpoMe
mpybru, mo scudrocms & mpybre navnem
yupryauposams (g).
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+ Hanpasnexue
@u 2 1.5 ITuprysayus eexmop- ”

" HO020 NOAR, Paeas Npoussedeniiio
cpedieti kacamervroll cocmasanio-
ujeti eenmopa (¢ yuemon ee sHAKA
no OMHOWENUI K HANDPAEIEHUIO
06x0da ) na d.auny Konmypa.

+
AN
pousdansHan e,
SMRYTAS RPUSIA :;"/\'é\:

HAa3BIBAEM er0 II0TOKOM, HO, KOHETHO, 3TO Vike He Teuenie Karoil-
TO JHUAROCTH, HOTOMY YTO 2JERTDUIECKOE [0Je Heab3s CUNTATh CKO-
pPocThbIo 4ero-to. ORaspizaeTcst BCE ke, YTO MATEMATHYeCcKad Beiil-
HUHZ, OOpefeldsierMas KAk CPeNHss HOPMAILHAA KOMIIOHeHTA II0Jd,
IMO-OPe;RASMY IMeCT [odesHoe 3Hagenue. Torfa Mbl TOBOPIDM
0 NOMOKE sAcKmpPuUtecmed, Tarsie onpenendesMoM ypasuenien (1.4).
Haromer, I0Je3H0 TOBOPUTH U 0 TOTORE He TOJBKO CKBO3b 3aMEHY-
Ty, HO @I CKBO3b J00yK OIpPaHNYEHHY0 HOBEPXHOCTH., Hak @
Ope;kje, II0OTOK CKBO3b TARYI0O IOBEPXHOCTH ONpefensercd Kak
cpe;iHAf HOPMAJLHAs KOMIOHEHTa BERTOpa, YMHO;KEHIAasg Ha III0-
aTh TOBEPXHOCTH. OTH NPECTaBIeHua niancTpupyoresa ¢ur.d.3.

Hpyroe croiicTBO BEKTOPHMX HoJell Kacaetcsa He CTOIbKO IO~
BepxHOCTeil, cROMEBKO Juumil. [Ipencrtasmm onsiTh noge cxopocreil,
ONUCHIBAIOIOEE HOTOR xuakoctH. Moskmo sagarh uHTepecHBIT
BOIIPOC: LHPKYIHPYET JHU KUAKOCTL? JTO 3HAYUT: CYHIECTBYET MIf
BpanlaTeIbHOe €e HBIKEHYNE B0JNb HEKOTOPOTO 3aMEHYTOIO KOH-
rypa (umetam)? BooGpasure cebe, uToO MBI MTHOBEHHO 3aMOPO3UII
KUJKOCTE IOBCIOAY, 3a MCRINYeHHeM BHYTPEHHEH YacTH 3aMKHY-
Toit B BU/ie HeTIU TPYOKM NOCTOAHHOT O cedenus (pur. 1.4). Caapy:wa
TPYOKM SKUAKOCTh OCTAHOBHUTCS , HO BHYTPH OHA MOKET IPOJOIKATD
IBUTaTbCA, ecid B Hell (B /KUAKOCTH) COXpaHWICA HMOYJABC, T. €.
€CTH MMIYJIbC, KOTOPHIL TOHNT ee B OHOM HALPABICHUH, 0ONBIHC
uMIIynabca B oOpaTHoM. Mii ompefiensieM BeJHYMHY, HaSHBAEMYIO
yupkysayueli, Kak CROPOCTD JKUEKOCTH B TpyOKe, YMHOMKEHHYI0 Ha
mauay TPyGKm. ONATH-TaKE MB MOKeM pPacCHIMpHUTL HAINI Ipef-
CTABIEHHUSA W ONPEIENUTh «HUPRYIANUIOY IIA JI000r0 BEKTOPHOTO
moasa (Jaske eciW TaM HET HEYIErO ABMIKYWErocd). Y BCAKOTO BeK-
TOPHOTO TMOJIST YUPKYALYUL 10 AI060MY 8006DANCACMOMY 3AMEHYMOMY
KORMYPY OUpefeNseTcss KaK CPeAHAA KacaTeJlbHasd KOMIOHEHTA
BerkTopa (¢ yueroM HampaBienms obxoma), yMHO;KeHHasi Ha IIpO-
TIRERHOCTh KouTypa (dur. 1.5):

Wupryasnus = (Cpeusas vacaTeabnan KoMionenrta)- (Jlanua myrn o6xopa).
(1.9)

Bw1 suguTe, UTo BTO OolpefeNenne AeHCTBHTENbHO faeT TUCIO, IPO-
MOPUHOHAAbHOE UUPKYJLNHA CKOPOCTH B TpyOKe, mMpocBepieHHo
B OHICTPO3aMOpOKeHHOH FKUAKOCTH.
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Tonb3ydch TOJBKO DTHUMH JABYMA NOHATUAMH — MOHATHEM
0 DOTOKe U HOHATHEM 0 MEPKYIANAN,— M CIOCOGHE omHCAThH BC
3aKOHM DIEKTPUYIECTEA M MarmeTwaMa. Dam, OHTH MOMeT, TPYRHO
6yleT OTIETHANBO NOHATH 3HAYEHWEe 3aKOHOB, HO OHHM JamyT BaM
HEKOTOPOe HPEeJCTABICGHHE O TOM, KAaKHM cmoco0oM B KOHEYHOM
cgere MoskeT ObiTh omucaHa (UBWKA DJIEKTPOMATHWTHEIX fBICHHIL.

§ 4. Baronwut saexmpomnasHemusmna

HepnHii 3akow dJeRTpoMarHeTH3Ma ONHCHBAaeT MOTOK JIEKTPH-
YeCKOro IOJNA: .

IToTor Hanps:keHHOCTH E cKBO3b _ 3apsj BHYTpH HEe (1.6)
a100y10 3aMKHYTYI0O IMOBEDXHOCTD £, ’ ’

Iie &, — HEKOTODPAfA HOCTOSIHHAA (YHTAeTCA DICHIOH-HYHIb).
Ecan payrpm moBepXHOCTH HET 3apAL0B, a BHe ee (laxKe COBCEM
PALOM) €CTh, TO BCE PaBHO cpednAs HOpMalbuas KoMmMmonenTa E
pasHA HYJII0, TaK 9T0 HUKAKOr0 IOTOKA Yepe3 HOBePXHOCTH HET.
Uro0n 1mM0KA3aTh MOAB3Y OT TAKOTO THIA YTBepP:KIeHmil, MBI goKa-
skeM, wro ypasuenme (1.6) copmapmaer ¢ saxomoM Hynona, ecnanm
TOMBKO Y4€CTh, ITO HOME OTHEJbHOro 3apsaga obssano OHTH cfepu-
Yecku cummerpraabiM. I1poBerem BoKpyr TodedHoTo 3apAga cdepy.
Torpga cperuaa HOPMAABHAS KOMIOHEHTAa B TOYHOCTH PaBHAa 3Hade-
puio E B 11060t ToUKe, MOTOMY UTO OJXE AOJKHO OMTH HATPABIEHO
0 pajguycy U UMeTh OMHY U TY Ke BINYHHY BO BCeX TOUKAX cpephl.
Torga mame TpaBUiaO yTBEPIKIAET, 9TO HOJie HA HOBEPXHOCTH chepH,
YMHO;KeHHOe HA WiIomangb cPepw (T. e. BHTeRammuil u3 cepH
TOTOK), PONOPIUOHATBHO 3aPAAY BHYTPH Hee. Ecnu yBeaudnBaTh
pagmyc cdepHl, TO ee mIOmMAAbL pacreT, Kak KpaapaT pajmyca.
Ilpoussenenue cpefHeil HOPMAABHOH KOMHOHEHTH BJIEKTPHYECKOTO
HOOJA HA TY MIOMAND MOJIKHO NO-peskHemMy ObTh PaBHO BHYTPEH-
HeMy sapsiy, 3HAYHUT, HoJe JAOM:HO YORBaTh, Kak KBajgpaT pac-
CTOBUS; TAK HMONYIAETCA HOJe «00PATHHX KBALPaTOBY.

Ecnn B3siTh B IPOCTPAECTBE NIPON3BOIALHEYI0 KPHBYIO M M3MEPUTh
LUPKYIAONIO 9JeKTPHIECKOT0 IoJAd BHOAb 9ToH KPHBOH, TO OKa-
3KeTcA, 4T0 OHA B 00UIeM caydae He PaBHA HYNIO (X0TA B KYJIOHOBOM
moxe 9To Tak). BMecTo 9Toro s HAEKTPUYIECTBA COPABENANB BIO-
PO BaKOH, YTBED;KAAIOMMUI, YTO

Huprynanua pexropa E _ d  (morok Bexropa B ciBo3b (1.7)
1o KoHTypy C di 3AMKHYTYH HOBEDPXHOCTL S) , :

U, naxonen, fopMynmpoBKa 3aKOHOB HJIeKTPOMATHUTHOTO MOJIA
6yneT 3aKOHUEHA, €CITH HAKCATH IBA COOTBETCTBYIOIIMX Y PABHEHIS
IOJIs1 MarEUTHOTO mous B:

ITorox BexTOpa B CEBO3B A1006yI0 — . (1 8)
BAMKHYTYI0 TOBEDPXHOCTB :
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A nna mosepxHOCTH S, OrpanmYenHOl Kpusoi C:

¢ (muprynsuus Bekropa B _ d (motox Bextopa E +
no KoETYpY C) ~ dt CKBO3H S)

ONEeKTPAYECKAA TOK CKBO3b § (1.9)

+ *

€

Iospusmasnca B ypasuennn (1.9) nocrosinnas ¢ — oro KBajpar
cKopocTH cBeta. Ee HoABieHme oINpaBgaHo TeM, 9TO MarHETH3M
OO0 CYIIECTBY €CTh PEeISITHBUCTCKOe NPOABJIEHIE 3JIEKTPHUECTBA.
A KomHcTaHTA &;H0CTaBIEHA IS TOrO, YTOGH BOSHHKIN I PHBLIYHBE
eMHHUOE CHIK YJIEKTPHZECKOI0 TOKA.

Ypasmenua (1.6) — (1.9), a tarme ypasmenue (1.1) — ato
BCe 3aKOHK dneKTpoguHamukn *. Kaw B momumre, sakousl Hbio-
TOHA HAKCATH OBLI0 OUYeHb MPOCTO, HO U3 HUX 3aTO BHITEKATIO MHO-
JKECTBO CHOYKHBIX CJACACTBHE, Tag UTo IOHAno0MIOCH HEMATIo Bpe-
MeHH, 97005 H3YTUTH X BCe. 3AKOHH 3IEKTPOMATHeTH3MA HALINCATD
HeCPaBHEHHO TPYJHeH, W MBI JOJKHH O/RHAATH, YTO CIAEHCTBUA U3
Hux OyxyT HaMHOTO Gonee 3QyTaHH, U Tellepb HAM IPHURETCH oYelb
fl0aro B HEX pasbuparscs.

Mt MoOKeM IPOWIAIOCTPEPOBATH HEKOTOPHE 3aKOHB! dJIEKTPO-
AUHAMIKMA cepueil HecJ0KHKX ONHTOB, KOTOPHIE CMOTYT HaM IIOKa-
3arb XOTA OB KAYeCTBREHHO B3AMMOOTHOIIEHUs HIEKTPHICCKOTO
n MaraaTHOro moxeil. C mepBriM wienoM B ypapuenuw (1.1) BH 3Ha-
KOMUTeCh, pacdechBas cefe BOJIOCH, TAK 9TO O HeM Mbl TOBOPHUTD He
Gymem. Bropoit uier B ypaseenmu (1.1) MOKHO TpOjEeMOHCTPHPO-
BaTh, MPONYCTHB TOK IIO0 NPOBOJOKE, BHUCAMEH Hax MATHHTHBIM
6pyckoM, kak mokasadHo ma ¢ur. 1.6. Ilpm BRAKUYennn TOKa WMpO-
BOJIOKa CABHUTAeTCA M3-3a TOTO, UYTO Ha Hee JelicTByer cmia
F=¢qvxB. Korga mo mpoBomy maer TOK, 3apAjAh BHYTpH HeTO
ABHIRYTCS, T. €. HMEIOT CKOPOCTH V, M Ha HUX JeiicTByeT MarHmT-
HOE I10Ji€ MaTHETA, B PE3yNbTaTe Uero MpoBoOj OTXONUT B CTOPOHY.

Korga mpoBop cuBHTaercA BIE€BO, MOMHO OMHAATh, 9TO CaM
MATHHT WMCHHITaeT TOoA4oK Bupapo. (Vmage Bce 310 ycTpOilcTEO
MOH0 GrI0 OB BOAPYBHUTH Ha TIaTGOPMY ¥ MOJTYyTATH PEAKTUBHYIO
cumcreMy, B KOTOpoHl mMmynabe me coxpassicsa Owm!) Xora cmia
qepecTyp Maka, uToOK MOKHO GBLIO 3aMETHTE JBIKEHAE MAaTHATHOI
LAJOYKH, OHARO MBIUKeHHe Oojiee TyBCTBHTEABHOTO ycrpolicTa,
CKayKeM CTPEIKH ROMIAca, BIOJIH® 3aMETHO.

Haxnm ;e 00pasoM TOK B IPoBoXe Toxkaer Mmaraur? Tox, Tery-
WiHil 00 WPOBOXY, CO3NAET BOKPYI HEro ¢Boe cOOCTBEHHOE MarHUT-
HOE TO0JIe, KOTOpoe | AelicTBYeT HA MarHuUT. I cooTBeTCTBHM C HO-
cleHUM UIeHOM B ypasHeHun (1.9) TOK moqKeH npUBOAMTD K YUp-
kyasyuy Berktopa By B Hamem caydae nmamm noas B 3aMKHYTH
BOKDPYT NIPOBOja, Kak MoKazaHo Ha ¢ur. 1.7. Vmerno sto moae B
A OTBETCTBEHHO 3a CHIY, MefCTBYONy0 Ha Marumr.

* HyKHO TOJNBKO JOTOBOPHTHCA O BHOOpe sraka LUDPKYNANUH,
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{(macnuma)

F
{Ha 1iposod)

X
—3guMy

MACHUM

@ ue 1.6, Masnumras nasoura, cosdawwas 6031e
nposoda nose B.

Koeda no nposody udem mok, nposod cmewaemea us-za Gelicmsus
cuas F=q vXB.

Ypasueane (1.9) coobugaer mam, 4T0 OpH AAHHOH BeIWIHHE
TOKA, TERYIIEro 1o HpoBoay, napryasnus nons B opunaroma ans
41060l KPUBOH, OKpYsRaomel NpoBox. Y TeX KPHBHX (OKPYHKHO-
¢reil, HampuMep), KOTOPHE JEKAT lajleKo OT IPOBOAA, JIHHA ORa-
3bIBACTCH (GOABNIE, TAaK 4TO KacareabHas KoMmmomenra B momwua
yObiBaTh. BH BUgUTE, 9TO CAENYET O;RUAATH THHEiiHOTo yObBanns B
¢ yJaJdeHHeM OT JIUHHOTO IPAMOr0 NPOBOAA.

Mpbl crasaim, 9TO TOK, TEKymuil Mo NPOBOAY, 06paszyer BOKPYr
HEro MarguTHOE MOJe U 9TO eCAH MMEeeTCsI MArHUTHOE IMOoJ€e, TO OHO

Junuunons B

K
npogodg + samumy

-~ 3amumy s F (va maenum)

Mazrim

D ue. 1.7. Machumnoe noase mora, meKyujeeo no npo-
800y, Ociicmayem na Mazhum ¢ HEKOMOPoU cuaol.
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Due 1.8 /Jsa npocoda, no romopwi meuen mor,
moice delicmoyiom dpye wHa  dpyea ¢ onpederenHoll
cu1ot.

jeiictByer ¢ HeKOTOpOIl cuaoii Ha IPOBOM, IO KOTOPOMY HIET TOK.
3uaunr, caegyer QyMarh, UTO €CIH MATHHTHOE 1oJfe OyAer Co3gaHo
TOKOM, TEKYIIUM B OJHOM IIPOBOJE, TO OHO OyAer AeifiCTBOBATD € He-
KOTOPOIl cmiioii M HA JAPYTOoi IIPOBOJ, IO KOTOPOMY TOIe HIeT TOK.
9TO MOJKHO IIOKA3aTh, IPUMEHUB JIBA CBOGONHO IIOBELICHHbIX TIPO-
Boga (¢ur. 1.8). Horga manpanienne TOKOB OAMHAKORO, IIPOBOXA
OPUTATHBAIOTCA, A KOTHA HATPABIEHHS NPOTHBOIONOKHK — OT-
TaIKHABAIOTCA.

Kopoue rosops, saerTpudecKre TOKH, KAK U MarHUTH, CO3/AI0T
Mmaramrabie moxasi. Ho Torga 9o sxe takoe Maruur? Pas MarmurHme
HOAS CO3MAIOTCSI MBIGKYIIMMUCA 3apAMAME, TO HE MOKeT JH OKa-
3aThCA, YTO MArHUTHOE T10JIe, CO3XAHHOE KYCKOM (Kele3a, Ha CAMOM
Jeie ecTh pesyabrar feiicTBus ToKOB? BHIUMO, Tak OHO H €CTS.
B mamux onmrax MoO;XHO 3aMEHHTH MATHUTHYIO MAJ0TKY KaTYIIKOH
¢ HaBmToil MpPOBONOKOH, Kak mokasamo Ha ¢ur. 1.9. Korma rok
OPOXONT IO KaTymke (KaKk I II0 IPAMOMY HpPOBOAY HAaJX Hew),
HaGA0IaeTCA TOUHO TAKOE ;Ke JIBIKEHNEe IPOBOHUKA, KaK K IPeK-
7le, KOTZa BMECTO KaTYIIKHU CTOsii MarHmr. Bee BHIMADuUT Tak, Kaw
ecau OB BHYTPH KYCKa jReIe3a HEHPEPHBHO HUPKYJIHPOBAT TOK.
HeiicrBuTensno, cpoiicTBa MAaTHHTOB MO3KHO IOHATH Kak HeIpe-
PBIBHEIH TOK BHYTPH aToMoB yxenesa. Cuna, Jeitcrpyiomas Ha Mar-
Hut Ha ¢ur. 1.7, ofpacasercss BTOPEM wieHoM B ypaBHerum (1.1).

OTtrypa ke Gepyrea aru Toru? ONHH HCTOYHUK — BTO JIBUKE~
HUE 3JEKTPOHOB IO ATOMHHM 0pOuTaM. Y jRelesa 8T0O He TaR, HO
YV HEKOTOPHX MAaTepHWajioB IPOHCXORIeHHE MaTHeTH3Ma WMEHHO
TakoBO. HpoMme Bpamenns BORPYT AJpa aTOMA, 3JIeKTPOH Bpalaercs
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eme BOKDPYT cBoeil coGCTBeHHON ocH (YT0-TO IMOXO0Kee HA BpaImeHde
3eMiIHd); BOT OT STOTO-TO BPAIMEHHUS M BOZHHKAET TOK, CO3NAIONMil
MargaTHOE 1oTe sxenesa. (MsI CKazaTW «ITO-TO IOXO3Kee HA Bpa-
menre 3eMam», IOTOMY 9TO Ha CaMoOM felle B KBAaHTOBOH MeXaHuke
BOIPOC CTOXDL INTYy6OK, UTO He YKIA[HBAETCH MAOCTATOTHO XOPOMO
B KJacCHYecKHe IpefcrasieHus.) B OGompmmEcrse peiiects wacTh
9JIEKTPOHOB BEPTHTCSA B OHY CTOPOHY, Apyrasgs — B APYIYyo, Tak
9T0 MArHeTH3M HCYe3aeT, a B jkeiese (DO TAHHCTBEHHON NMpuduHE,
0 KOTOpOH MBI HMOTOBOPHM II037Ke) MHOTHE DJIEKTPOHH BPAINAIOTCH
TaK, YTO UX OCH CMOTPAT B OJHY CTOPOHY U 9TO CIY;KUT UCTOIEHAKOM
MaTHeTH3Ma.

Ilockonpry monss MATHHTOB LMOPOMKJAIOTCA TOKAMH, TO B YpaB-
megus (1.8) w (1.9) mer BY)ROW BCTABIATH NOGapouUHBie WiIeHE,
YYNTHBAOINYE CYHIeCTBOBAHWe MAarHETOB. B sTux ypasremmax
peds Hjer o 6cer TOKAX, BKIOYAS KPYTOBHE TOKA OT BPAIAMIINUXCA
SJIeKTPOHOB, M 3aKOH OKa3mBaercs wpasuabHeM. Hamo eme orme-
THTH, 4TO0, cOTIacHo ypasHenmio (1.8), MarEWTHHX 3apsamos, mo-
BOOHEIX BIEeKTPHYCCKMM 3apsAgaM, CTOSAMEM B IPaBOil 9acTH ypas-
genns (1.6), He cymecrsyer. OHE HEKOTZa He OHIN 00HADY:KEHE.

Hepenit wnen B mparoii wacrum ypaesmemusa (1.9) Gsur orrpmT
MakcBeasroM TeOpeTHYeCKH; OH O4eHb BakeH. OH rosopur, 9TO
U3MEHRIHUE ACKMPUMECKUL TIONeH BEIBHIBACT MATHUTHEE ARJICHIH.
Ha camom pmene Ges sToro wienma ypaBHeHUE YTepsuio OB CMBICH,
Belb 0e3 Hero mcuesiu OBl TOKW B HE3AMKHYTHX KOHTYpax. A Ha
Aene TaKWe TOKHM CyIIeCTBYIOT; 00 DTOM TOBOPUT CIeIyIOMIHi mpu-
mep. llpexcraBpre KOHmEHCATOp, COCTABNEHHHI M3 ABYX ILTOCKHX

B
(6umxo8)

F
(¥ nposed)

-M)’lﬁwﬂy Bumgu fposoda
A
ok s
SumKay

@ v 2. 1.9. Masnumnas natoura, norasannas na guz. 1.6,
MoAem  Bumb saMmenena Kamywroli, no Komopou medwem
mok.

Ha npoegod no-npescnemy 6ydem Oelicmeosamb cuda.
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@ ue. 1.10. upryasayus
noaa B no kpusoti C onpe-
deasemes aubo mokrom,

meKyuuM CcE603b TnosepI- Tox
nocmu Sy, aubo Gecmpo- - o
T T

mol  UBMEHEHUS TNOMOKQ
noas E  creosv nosepz-
nocmo Sy,

flosepxpocis S, Nosepxrocms Sy

mracrnd. OH 3apskaeTcs TOKOM, HPHTEKAIONIM K OfHON u3 Iias
CTHH M OTTEKAILIIA OT ADYTOif, Kak moraszano Ha ¢ur. 1.10. IIpo-
EefieM BOKDYT OJHOFO W3 HPOBOKOB Kpupyio C II HATAHCM Ha Hee
TOBEPXHOCTD (mOBepxHOCTH S,), KOTOpas mepeceder nposon. B co-
oTBeTCTBHH ¢ ypasueHmeM (1.9) nmpxyasuma noas B mo kpusoit €
Jaercsa BenWunHOH TORAa B mposofie (yMuoykeHrol ma c¢?). Ho gro
Oyner, eCIM MB HATAHEM HA RPHBYIO JOpyeyio NOBEPXHOCTH S,
B $OpMe UANIKH, JOHBINKO KOTOPOH PACHOIOKREHO MemRIy LiIacTH-
aMI KOHTeHCATOPA U He Kacaercs uposoga? Yepes Takyo moBepx-
HOCTH HUKAKON TOK, KOHeuHO, He upoxonur. Ho Bens npocroe name-
HeHHe NOJOKeHHA U §OpMBl BOoOpaskaeMoil TOBePXHOCTH He TOJHKEO
H3MEHATH peanbHoro MargutHOro mois! Uwpryasaunma noas B
AOJKHA 0CTATHCA mpe;kHeidl. W melicTBuTeabHO, LePBLIIL YIeH B pa-
BOif yacTn ypaBHenus (1.9) Tak KOMOMHHMPYETCS CO BTOPHIM WIeHOM,
4yrTo Aasa obemx momepxHocred S; M S, BO3HHUKAET OAMHAKOBHIH
opdert. Hus S, muprynanusa sextopa B Beipasiaercs uepes cre-
IeHb M3MeHeHUA OOroKa BeKropa E or ommoil miacrunH K gpyToil.
W moaywaercs, uro usmenenne E cpasamo ¢ TokoM Kak pas Taw,
uro ypasaenne (1.9) orasmBaercs BEIMONHeHHHM. MaxcBexsi BHAeN
Heo0XO0IMMOCTh BTOr0 W OBUI TePBHIM, KTO HATUCAN WOJIHOe ypPaB-
HeHHUe.

C momomsio yerpoiictsa, mzobpaskeEHoro Ha ¢ur. 1.6, MoxHO
IpPOJEeMOHCTPHPOBATH APYLOd BaKOH 3IeKTpoMarsermsma. OTco-
eMHUM KOHIIBI BUCAIMEli TPOBOIOYKY OT 6aTapeiikd W NpHCOeTHHIM
UX K TAIbBAHOMETPY — HpuGopy, PeTHCTPUPYIOLIEMY IpOXoKie-
HUe TOKA o mpoBony. CToWT JHWIIb B WOJde MAarHUTA KAYHYMb MPO-
BOJIORY, KaK 0 Heil cpas3y nolger 1oK. ITO HOBOE CIEICTBHE ypaB-
nernsa (1.1): sleKTPOHH B MPOBOJE TOUYBCTBYIOT NEHCTBHE CHIBI
F=gvxB. Cropocrp ux ceiiuac HampasieHa B CTOPOHY, HOTOMY
4TO OHU OTKIOHSMITCSA BMeCTe C IPOBOJOUKOH. JTO V BMeCTE ¢ Bep-
THKAJBHO HaopasdeHHRIM wmoxeM B Marmmra opusogur K cuie,
neiicTByromell Ha HXeKTPOHEL 60046 TPOBONA, W HICKTPOHBI OTIPAB-
NAITCA K TaIbBAHOMETDY.

Homoswum, opmaro, 410 MH OCTABHIU TIPOBOJOUKY B IOKOE I
OPUHAAIACH HepeMemarh MarEuT. MH UYyBCTByeMm, 4T0 HUKAKOMR
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pasHuIs GHTH He [JOJNKHO, BeXb OTHOCATENHHOE ABMKEHUE TO HLe
camoe, ¥ BOPAMb TOK Io rarbBanomerpy uper. Ho kaw jxe marmmr-
Hoe mone peficTeyer Ha noKostumecs 3apsas? B coorsercrBum
¢ ypasHeHuem (1.1) MOMKHO BOBHMKHYTHL BIIEKTpHYECKOe moile.
IOpwrymuiics MarHUT ROJKEH C03[ABaTh DICGKTPHIECKOe MOde.
Ha sompoc — kak B3T0 HpOUCXOAUT, OTBEYAET KOJUYECTBEHHO
ypasHenue (1.7). 910 ypaBHeHHe OLIUCHBAaeT MHOKECTBO HpaKTH-
YeCKH 0YeHb BAKHEIX SABJIGHMNI, TPOMCXOUAIINX B HIEKTPHUCCKUX
TeHepaTOpax U TPAHCPOPMATOPEX.

HanGonee 3ameuaTeanHnoe Ciae[CcrBUe HAIWHX yPaBHEHHH — 5T0
t0, 4r0, coderas ypasHenusa (1.7) u (1.9), Moo moHATH, 0TYETO
3MeKTPOMATHUTHEIE ABJEHIS PACHPOCTPAHMATCA HA JAJNBHHE pac-
croapvs. lpmauna sroro, rpy6Go rosopsa, HpUMepPHO TAKOBA: mpef-
MOMOKAM, UTO T[e-TO HMMeeTCsl MarHHTHOe IOJXe, KOTOpPOe BO3pac-
TaeT MO BeAWINWHE, CKAIREM, OTTOrO, YTO BHE3AUHO NYCTHIM TOK TO
nposopy. Torga w3 ypasmemua (1.7) ciegyer, 4TOo JOIGKHA BO3-
HUKHYTH OHDKYJAANUA DIeKTPHYeckoro mona. Horma smewrpuue-
CKOe TOoje HATYWHAET MOCTeNEHHO BO3PACTATH IS BOSHWHKHOBEHUS
UUPRYIANAN, TOT[A, coraacHo ypasHemmioo (1.9), mosskma Bosmum-
KaTh ¥ MarHuTHAsA nupkyiasaoua. Ho Bospacranme smozo MArHUT-
HOTO HOIS COBHACT HOBYIO IMPRYIANUIO JJIEKTPUYSCKOTO IOIA
u T. 4. TaxuM cnocoGom noasa pacupoCTpaHAITCA CKBO3b IPOCTPAH-
CTBO, He HY;KJAACH HU B 3apsAax, HM B TOKAX HAUrge, KPOMe HCTOU-
HuUKa moneil. menno rtakmM cmocobom wmbl eudum gpyr ppyral
Bce 910 cupsATano B ypaBHEHUAX JIeKTPOMAarHHTHOTO HONS.

§ 5. Imo amo maroe — <noasn»?

CrenaeM Ttemepsh HeCKONbKO 3aMeUAHUII 0 IPHHATOM HAMH CIO-
cobe pacemorpeHusi 9TOr0 Bompoca. Brl Moxkere craszarb: «Bee arm
TOTORM U NUPKyIANWH yepecayp aberpartesl. Ilyers B kampoi
TOYKe TIPOCTPAHCTBA €CTh DJeKTPUIecKOe MOJIe, KPOMe TOT0, HMeI0T-
cs1 91 camble ,3aroHE”, Ho 9T0 sie raM Ha camom dene mponcxommns?
ITouemy Bo He MO:eTe OOBACHATH BCE DTO, CRAYREM, TeM, 9TO 4T0-T0,
470 6Bl 5TO HE OBLIO, IPOTEKALT MEKAY 3apagaMu’» Bee sasucnr or
BaMIMX mpenpaccyakor. Muorue uUsuUKU wacTo rOBOPAT, YT0 Hps-
MOe [elicTBKE CKBO3b NYCTOTY, CKBO3b HEHYTO, HeMsiCTuMO. (Kaw
OHH MOI'YyT HAa3bIBaTh MHIECIO HGMI)ICJIYIMOfI, eCJIM OHa YsR€ BBIMbII-
aena?) Onm rosopsar: «llocMorpure, Beab eIWHCTBEHHEIE CHJIHI,
KOTOpHIe HAM HM3BeCTHBI,— 3TO IpAMOe 7ielicTBHEe OXHON 4acTH Be-
miecTBa Ha Apyryo. Heposmokuo, 91006H CcymiecTBOBaZa cHiIa 0Oe3
qeTo-10, mepegannero eey. Ho uro B meiicTBHTENBHOCTH IPOMCXO-
IUT, KOIJIa MBI H3ydYaeM «upaMoe JeiicTBHe» OJHOTO KyCKa BemecTra
Ha Apyroi? Mu o0HapysiuBaeM, 4TO NEPBHI U3 HUX BOBCE HE «yHI-
paercs» BO BTODOIl; OHM CJETKA OTCTOAT APYT OT ApPyTa, H MERAy
HEMHU CYINEeCTBYIOT 3JIeKTPUUYECKHe CUJIB, AeWCTBYIONHE B MaJxoM
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macmrabe. Vuade rosops, Mpl ofHapy:RmBaeM, 4ro colpaamch
00BACHNUTD TaK HA3BIBACMOe «HeiicTBMe MOCPEACTBOM HPAMOrO KOH-
TAKTA» — IPH TOMOILM KAPTHHH 3IeKTpHIecKux cui. HoHewHO,
HOPABYMHO HIBITATBCA CTOATH HA TOM, 4TO 3SJTEKTPHUECKAS CHJIA
JAOJKHA BHIFJIANETh TAK e, KAK CTAPBHIH NPUBHIYHBIA MBIIIEUHLII
TAHHA-TOJIKAI, eCIH Bce PABHO OKABBIBAETCA, 9TO BCEe HAIH TO-
TBITKHM TAHYTH WIH TONKATh NPUBONAT K dIeRTpHIeCKEM cmian!
Enuncreerno pasyMHasg mHOCTAHOBKA BOmPOCA — CUOPOCHTH, KAaKOil
NYTh PACCMOTPCHIA BiIeKTpmueckux sQderToB Hauboaece ydobewn.
OpZHH TpeAIIOYIITAIOT NPEACTARIATh WX KAK B3amMOjeiicTBMe 3apd-
0B Ha PACCTOAHUM W HOJB30BATHCA CIOKHBIM 3aKkoHOM. [ pyrmm
1o gyuie cwiiossie JuHAN. OHN MX BCE BPEMs YePTAT, I UM KarKeTCH,
q70 mucarb pasEple E m B cammrom aGerpaxrro. Ho nmamn
TOJXA — HTO BCETO JWIMb IpyObiil cnocol onmcaHud 1WOIA, U O4eHb
TPYEHO cHOPMYJIMPOBATH CTPOTHE, KOJHYCCTBEHHbIE 3aKOHH He-
TOCPeACTBEHHO B TepMmHAX AMHuU# noxs. K ToMmy ke moHATHE
0 JIMHUAX NOJA He COAeP/RUT INIy6ouaiiniero u3 NPUHNULOB dIek-
TPOAMHAMHUKN — NPUHIAOA Cyneprosunuu. Jlaske ecium MBI 3HaeM,
KaR BBHIMIANAT CHJIOBBIE JIHHWH OJHON COBOKYOHOCTH 3apAfos,
3areM JpyTroil COBOKYNHOCTH, MBl BCe PABHO He HOJIY9IUM HHKAROTO
HPefCTaBIeHNA O KapTHHE CHJIOBHX JWHHN, ROTAA 00e COBOKYH-
HOCTH 3apffoB AeilCTBYIOT BMecre. A ¢ MaTeMaTHYeCKHX MORMIMI
HAJTO;KeHHe 1MPojenarh JeTKO, HAaJ0 OPOCTO CIORHTH ABA BEKTOpA.
Y cunosmix nuWHWI €CTH CBOM MOCTOMHCTBA, OHM JA0T HAIVISAMHYIO
KapTUHY, HO eCTh ¥ HUX W cBoM HegocTarkm. Cmocol paccyxmeHuii,
OCHOBAaHHBII Ha IOHATMHM O HENOCPeACTBEHHOM B3aMMOAeicIBuH
(6nmaxomeiicTBun), 7TOske obiamaeT GONBIIAMH TPEHMYIIECTBAMH,
HOKa peub HAeT O NOKOAIMXCS DAEKTPUUECKHX 3apsiax, HO obiaa-
Jgaer U 00OBIMUMY HETOCTATRAMHI, eCJIM MMETh 0 ¢ ObICTPEIM JRI-
KeHHeM B3apafoB.

Jlyume Bcero moiab30BATBCA AGCTPAKTHHIM MPeACTABIEHIEM
0 nome. tHayrp, KOHEYHO, 4TO OHO aGCTPaKTHO, HO HUYEro HE Hoje-
naemp, IlomBITRY TpesCTaBUTD DIORTPHYECKOE HOJE KAK [BMKEHNE
RAKUX-TO 3yGUATHIX KOAECHMKOB WM C IIOMOINBI0 CHIOBHEIX JIHMHMII
UIM KAR HaOpMAyReHHA B RARUX-TO MaTepyanax IOTpe0OBaIM OT
¢usuKop Gombine yCIINil, yeM NOHATOOWIOCH GBI AJS TOTO, 4TOOH
OPOCTO HOJYYWTH HPABUIBHBIE OTBETH HA 3a7adulm HIeKTpOjHHA-
Mukn. MHTepecHo, Urd mpaBWIbHBIE YPABHEHUA HOBEJeHUS CBera
B Kpucrasmax Obinm Beipegennt Mar-Hyanmoxom eme 3 1843 r. Ho
RCe eMy ropopmiu: «IlosBonbTe, BeJb HET ke HI OJHOTO PealbHOI 0
MarepHmasga, MeXaHuyeckue CBOUCTBA KOTOPOTO MOIau OB YAOBAET-
BOPHUTH DTUM YPaBHEHHAM, 4 TOCKOJABKY CBeT -— 3TO KojebaHH,
KOTODHE AOJKHH OPOUCXOTHUTH B YeM-M0, TOCTONBKY MBI He MOReM
ToBepuTh 9THM a0CTPAKTHHIM ypapHeHmsaMy». Ecau O y ero compe-
MEHHUKOB He OBLIO 3TOH IpelB3fATOCTH, OHM GHl MOBEPIHJIH B Ipa-
BIJIbHHE YPaBHEHHA IIOBeleHWA CBeTa B KpUCTA/LIaX HaMHOTO
paHbIIe TOTo, 4eM BTO HA CAMOM Jeje CAYIHIOCD.
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A uro KacaeTcA MATHHTHHIX @OIell, TO MOMHO BHICKAa3aTh
crenywomee sameganme. IlpenmonoxuM, 9To BaM B KOHINE KOHIIOB
YAAIOCH HAPUCOBATH KAPTUHY MATHUTHOIO MO I PY IIOMOITY KAKMX-
TO IVHEAH WM KAKAX-T0 MeCTePeHOK, KATAMHUXCA CKBO3h IPOCTPaH-
crBo. Torga B mombiTaerech OOBACHUTH, ITO MpoOMCXOOUT C ABYMS
3apAJAMHA, IBIKYIIMMUCA B IPOCTPAHCTBE HAPATIENBHO APYT APYTY
H ¢ OAMHAKOBHIMM CKOpOCTAMH. Pas OHM ABIKYTCS, TO OHH BeIyT
cefa Kag JBa TOKA W 00IAIAioT CBA3AHHBIM ¢ HUMH MATHHTHLIM I10-
neM (kak TOKU B nposopax Ha ¢ur. 1.8). Ho nabuoparens, KoTopsii
MUMTCA BPOBEHb C HTUMM [JBYMS 3apsafamu, Oyfer cumraThb HX
HeNOJBHM/KHHMHI 1 CHajKeT, YTO HUKAK020 MATHWUTHOTO HOJNSA TaM
Her. I «uecrepeHru», ¥ WIWHWUAY NPONAJAT, KOTKA BH MYHTECH
panom ¢ mpepmerom! Bee, wero BH FoOuiueb,— 210 n3obpenu
nosylo mpobaemy. Hyma morim pesatbest atu mecrepum?! Keam
BBl UEPTIUIN CIJIOBBlE JIMHUK — Y Bac mOsBUTCA Ta 3Ke sabora. He
TONBKO HEIb3A OUPEIeIUTh, ABIGKYTCA I HTH JUHNY BMeCTe ¢ 3a-
PATAMH WA He ABIGKYTCSH, HO W BOOOHIe OHH MOLYT IOJHOCTHIO
UCUe3HYTh B KaKOU-TO cucreMe KOOPAMHAT.

Mgu1 OBt emie xO0Tennm MOTUEepPKHYTH, YTO ABJeHAe MATHOTHM3MA —
3TO HA CAMOM fieJie UMCTO pedATHBUCTCKmI sddert. B ToapK0 UTO
PACCMOTPEHHOM CIIY9ae MBYVX 3aps/loB, ABWKYIIHXCS HAapPailellbHO
APYT APYTY, MO;KHO ObLio OBl ORHAATH, 9TO MOHAZOGMICH CHeIaTrh
PeJATHBUCTCKAE TONPABKY K HX [BIGKeHWI0 Hopsara »2/c?. Idtu
MONPaBRY AOJKHBL OTBEYATH MATHUTHOI cmie. Ho Kak ObITH ¢ cmiIoit
B3AMMOMECTBHA OBYX HPOBOTHUKOB B HaimmeMm omsite (Pur. 1.8)?
Benp Tam mMarmmrTHAs cmiia — 3TO 6c4 meiicrByromasn cmia. OHA He
OUeHB-TO CMAXHMBACT HA «PEIATHBUCICKYI0 monpasky». Hpowme Toro,
€CJM OLEHHTH CKOPOCTH DIEKIPOHOB B HpOBOJe (BEL CAMH MORETE
3TO TWPOJENaTh), TO BH MONYUHTE, UYTO UX CPeNHAS CKOPOCTH BEOID
nposoga cocrasiser okono 0,01 cm/cex. WUrak, v*/¢? pasno npu-
meprO 10728, Buonne upenebpemuman «monpasxay. Ho mer! Xorn
B 9TOM CIy4Yae MarHUTHas cuia u cocramiser 107 or «mopmarns-
HOI» SIIEKTPUYECKOM CHJIHEL, MeHCTBYIOMEH MeKAY HOBIAKYLIHMHCH
BIEKTPOHAME, BCIOMHHTE, YTO «HOPMAJNBHBIEY DJIEKTPUIeCKYe CHIIE
MCUERIM B pe3yabrarTe HOITH WASANBHOr0 GagaHca M3-3a TOTO, UTO
ROAMYECTBA UPOTOHOB M DIEKTPOHOB B UPOBOKAX OJMHAKOBHL
dror Ganamc HamHOTO Gosee Touen, wem 1/10%%, m Tor Manwil pess-
THBUCTCKHI WieH, KOTODHI Myl HA3BIBaeM MaTHUTHOH CHI0H,— 5T0
equHCTBeHHHIT ocramomuiica wien. OH ¢7aHOBHTCA mpeobiamaro-
UM,

[oury monHOE B3aWMMHOE YHUITO)KEHME DIEKTPUIECKUX dpdex-
TOB W IO3BOJIMIO (QHU3UKAM H3YYUTH peNsTHBHCTCKHe 5QPQerTs
(. e. MarEeTmaM) M OTKDHTEH NPABMIbHLIE YPABHeHUA (G TOUHO-
CTBIO 10 v3/c%), make He 3HAsdA, uTd B HEX mpoucxopur. U1 mo aroii-ro
UpmdEHe IOCHe OTKPHTHA UPUHENUNA OTHOCHTENbHOCTH 3aKOHBI
DIIEKTPOMATHETH3MA He NPHUNUIOCH MeHATH. B orTimume oT MexaHH-
KH OHH yske OBUTH IPAaBMJIBHBL ¢ TOTHOCTBIO {0 v2/c2.

26



8§ 6. daexmpomaznemusm 6 Hayre u Mexnure

B sakmovenue MHE X0YeTCSA BAKOHUUTH BTY INIABY CIEIVIOMUM
paccxasoM. Cpepu MHOTHUX siBJIeBUll, M3YIaBIIUX Cs JPeBEUMI I'PeKa-
M, Gsre gBa 0YeBhL crpamHHX. llepBoe: HarepTHIHE KRycOdeK AHTA-
PS MOT HOZHATH MaleHbKUEe KIOYKHU IANEpyca, ¥ BTOpoe: GM3 ro-
pona Marsesus Ouiu YOUBWTETbHEE KAMHY, ROTOPHE NPUTATHBALN
sxeneso. CTpagHO AyMaTh, 9r0 370 OBIM eIUHCTBEHHEE U3BECTHHIO
TPeKaM SIBITEHUsA, B ROTOPHX IPOABIAINCH BISKTPHIECTBO M MaTHe-
TE3M. A TIOYeMY TOJABKO 5TO M OBLIO UM uU3BeCTHO, 00BACHAETCH
npeskfie BCeT0 CKAa30YHON TOYHOCTHIO, ¢ KOTopoil cOaTaHCcHpOBaHE
B TeJdax 3apagsl (0 ¥YeM MHl yyKe YIOMUWHAHM). ¥Y9eHBIe, yKUBIIHe
B TO3AHeHDINe BpeMena, PACKPHIIY ONHO 32 XPYTHM HOBHIE sIBICHNUS,
B KOTOPHX BHPQKAIMCH HEKOTOpHE CTODOHH TeX ke 3PPerToB,
CBIBAHHKX € sgHTapeM # ¢ MarauTHeIM KamHeM. Cefiuac Ham sicHO,
YT0 U SABIEGHMA XUMHYECKOTO B3AMMOAEHCTBHSA W B KOHEYHOM
cuere caMy ;KU3Hb HYKRHO OOBACHATH ¢ MOMOIIBI0 MOHSATHIL SJIeK-
TpOMarHeTHsMa.

M no Mepe Toro Kak pasBEBANOCH NMOHHMAHUE IpEMETA DIIEK-
TPOMArHeTHE3MA, NOMABIAINCH TAKNEe TEXHHYECKHe BO3MOKHOCTH,
0 KOTODHIX [ipeBHUE He MOIVIH Jaske MeYTAaTh: CTallo BO3MOKHBIM
IIOCHLIATh CHTHAJH IO Teiderpady Ha Goasmue paccrosgrus, Oece-
J0BATH € YENOBEKOM, KOTOPHIH HaXONWTCA 34 MHOTO KHJIOMETDOB
oT Bac, (e3 MOMOIMN KaKOH-1Iu00 IUENU CBS3H, BRIOTATH O POMHEIe
pHEpPreTHICCKHE CHCTeMH — 0OJbIIMe BOHASHEI® TYpPOHMHEL, COefd-
HeHHBle MHOTOCOTKIJIOMETPOBHIMU JIMHUSAMH LPOBOKOB € JPYyroii
Mammeoil, KOTOPYIO HycKaer B X0y 0AUH paGounil HPOCTHM IOBOPO-
TOM K0JIeca; MHOTHE THCSIM Pa3BeTBIAIIUXCS IPOBOJIOB M AeCATKY
THCAY MAIHWA B THICAYAX MECT MPHBOJAT B JBH/KeHNe DPasIHIRHe
MexanmsMe Ha (Palpukax u B Ksaprupax. Bce 3ro Bpamaercs,
aBuraercs, paboraer Graromapsi HanieMy 3HAHUIO BAKOHOB DIIEKTPO-
MaTHEeTH3MA.

Ceroffg MH HCOONb3yeM U elmte Ooxee Tonkme sdpderrsl. I'mrant-
CKUEe DJIEKTPHYECKME CIJIHI MOMKHO CIelarh OYeHb TOUYHEIMH, HX
MOKHO KOHTPOJNHPOBATS W MCIOAB30BaTh HA BCAkmi mapx. Hammm
OpuGOpPE TAK IYBCTBUTENBHHI, 9TO ME CHOCOOHH y3HATH, 916 ceii-
gac jexaeT 9YelOBeK TONLKO IO TOMY, KaK OH BO3JielicTByeT Ha
BIIEKTPOHEl, BAKIIOYCHHHE B TOHKOM METAJINYECKOM HPYTHKE 3a
COTHH KHJIOMETPOB 0T Hero. Has 9TOTO TOABKO HYKHO MPHCIOCO-
6uTh 3TOT HPYTHK B KAaveCcTBe TeJIeBU3MOHHOI aHTeHHH!

B ncropunm wesosegecrna (€M HOCMOTPETH Ha Hee, CRAKEM, Iepe3s
JIeCATH THICAY JIOT) CAMBIM 3HAUMTENbHEIM cobsitueM X IX cromerns,
HeCOMHEHHO, Oymer orkpsrme MaKCBeNIOM 3aKOHOB BIIEKTPONH-
gaMurku. Ha ¢oHe 57T0ro Ba/KHOTO HAYYHOTO OTHKPHTHA TpPaRIAH-
cKasg BOHHA B AMepuRe B TOM iKe HecatTmierum Oymel BHITIAAETH
MeJIKUM IPpOBHHIHMAJBHEM IIPOMCIIECTBHEM.
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'raea 2 B .

A §1. Ilonnmanue
BERTOPHBIX HOJEN .
§2.Craaspusie

" BeKTOpHbIS

noia — 7' nh

§ 1. Honumanue phusuru §3.Mpousnognusie

noaeli —r HeH
®usur goiKeR o0MafaTh yMeHHMeM MOJXORHUTH pajtenr

K 3ajiade ¢ pasHHIX TOYEK 3peHus. TOUBHIE aHATH3
peaTbHHX (QuUaWUeCKUX UPoGaeM OOHYHO Kpaiine
cnoseH, 7 Ji060e KOHKPEeTHOe (PU3MIECKOe SIBIIO-
HHEe MOKET OKa3aThCHA CAMIIKOM 3ANYTaHHKM W HE
DOTAIONIUMCS AHAJIM3Y TYTeM perieEus audgepen- .,

nuaiaspapix ypasueamit, Ho mMoBO BCe 3He moay- §6.Audppepernuzmans -
YUTH XOpOHIee UPeACTaBieHNe O NOBEJPHHUH CU-
creMbl, Beipadoras B cebe 0codyi0 Crnoco6HOCTH
4yBCTBOBATH XapaKTep peHIeHAA B pABIUYHBIX
00CTOgTeNbCTBAX. JTOM HeXuw XOpomo CIysKRart
NpefcTaBieHus O JUHUAX OO, O EeMKOCTHOM,
HHIYKTHBHOM H AKTHBHOM CONPOTHRICHUX. Mul
NOTPATHM AOCTATOTHO MHOTO BPEMEHU HA MX U3y-
yeHHe. JTO TOMOKeT Ham npuofpectu cmocol-
HOCTBH OMYyMATh, YTO MPOMCXOIAT B TeX MIM HHBIX
aeKTpoMarauTHHX sapiaeHusx. C papyrofl cropo-
HH, HHE OJHA W3 BCIOMOTATEJBHHX, DBPHCTUTE-
CKMX MopeJdell (EHAaUpuMep, KApPTHHA CHIOBHIX
JWHARK) Ha CAMOM Jeje He MOKeT BMECTUTH B celst
afIekBATHO U TOYHO Bece cobuiTusa. VMeercs ammb
OIMH TOUHHIH CIOCO6 mpemcrasieHNd 3aKOHOB —
crocob puddepeHnMATBHHMX ypaBHEHWHA. Y pap-
HeHNs o0JajamoT TeM NpeuMYIEecTBOM, YTO0, BO-
OepBEX, OHH (yHAAMEHTAALHH, & BO-BTOPHX
(HAaCKOXBKO HaM U3BECTHO), TouHH. Ecim B
WX BHYTHIN, BH BCEeTJa MOjKere K HEM BepHYTHCA.
B HuX Her HMYero, 4T0 CIe0BATO OH LOTOM 3a-
GHITh.

Uro6wm mHavTaTh HOHUMATh, YT6 [OIKHO IPO-
M30HTH B TeX WM HHHX YCIOBHAX, BaM HOHAMO-
Ourca Kakoe-TO BpeMs. Bam mpujercs mopemarh
YpaBHeHUsI, U BCSIKWE pas, KOTHA BH pemnre HX,
BEL TeM CAMBIM y3HAere UTO-TO HOBOE O Xaparrepe
pemenuii. Yro6H 3amOMHATH DTH pemEHWH, HO-
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JIesHO Tak:ke cpOpPMyIMPOBATh MX CMBICI HA A3KHKE JIVHONE MOIA 0
WHHX NOXOOHEIX uoHATHA. TakoB myrb, Ha KOTOPOM HPUXOXUT
WCTUHHOE (HOHEMaHWe» ypaBHeHui. B aroM m 3aximuaerca pas-
Hulla Mexuy ¢usmxod uw Maremaruxod. Marematuru mam Jroau
¢ MaTeMaTHWIeCKUM CKIAJNOM yMa 9YACTO NPH (UBYIeHMM» (PUIUKK
TepsoT PUBAKY U3 BUAY U BIANaioT B 3abmy:xpenue. OHE roBopsaT:
«locnymaiire, 912 AuPPepernuanbHble ypaBHEHUS — yPABHEHUSA
Maxcsenna — Béb 3TO BCE, ITO €CTh B JIECKTPONMHAMUKE; Bellb
caMu (pMBMKM DPU3HAIOT, UTO HET HUIEro, I10 O He COMep/Haioch
B BTHX YPABHEHHUAX. Y PABHEHUS 9TH CIO/KHEL, JaAHO, HO DTO BCETO
JUHIb MaTeMaTuieCKUe YpaBHEHHs, M eCaH A pasbepych B HUX Ma-
TeMaTuuecKku, A pasbepycr u B Qusukes. Ho umuero ms sroro me
poIxopuT. MareMaTuKH, KOTOPEe MOAXOIAT K QUBUKE C DTOH TOUKM
spenHs (a TAKUX O0YeHHb MHOTO), OOHYHO He JeTalT GOMBIIOT0 BRJIA~
Ia B $m3uKy, Ha, KCTaTd, U B MareMaruky. VX mocruraer meyjaua
0TTOTO, 9YT0 HACTOANAE (U3NIECKNEe CUTYAIHH PEAaTbHOrO MUPA TAK
3anyTansl, I7T0 HY;KHO o0Xamarh ropasmo Golee MUPOKEM IIOEEMA-
HHUeM ypaBsHeHUi.

Hupar o6bsacHuI, 9T0 BHAYHT AENCTBUTENBHO IOHATH ypaBHE-
HWe — [OHTH, He OTPAHWIMBASICH €TO CTPOIUM MATEMATHYECKHM
cmeiciom. On crasam: «f cuuraro, YT0 WOHAN CMBICH ypaBHEHHS,
€CIU B COCTOAHHAY IPeACTaBUTH cebe oOmMiA BUJ ero peineHus, He
pemiag ero HemoCPeHCTBEHHO», 3HAYMT, €CIU y HAaC eCcTh CIocol
y3HaTh, 9r6 CIyuuTCA B NAHHHX YCIOBHUSX, HE pPemias ypaBHEHUA
HENOCPEJCTBEHHO, MBI (IOHAMaeM» YpaBHEHHA B NPUMCHCHHH
K 9tuM ycaopusaM. Ousugeckoe moHUMaEHe — DTO HEYTO HETOYHOE,
HeompeyeleaHoe u abCOTIOTHO HEeMaTeMATHIECKOe, HO /I (PUamKa
OHO COBEPHIEHHO HeOOXO0IuMO.

O0BruHO Kype PU3UKY MOZOGHOTO POAA CTPOMTCS TAK, ITO Qu3H-
YeCKHMe I pejCTaBieHHs PAa3BUBAIOTCS MOCTENeHHO: HAYMHAA C Ca-
MBIX NPOCTEHMUX ABIGHUH, HepeXoJAT Ko Bce Goiee u Goxee CaOs-
meiM. Koe-u4T0 w3 H3YYeHHOTO Upu 9TOM HEMHMHYeMO 3a0HBaeTCs
(ro, 970 BepHO JHMIIb B OUPENEIEHHHEX YCIOBUAX, & He BCEINA).
K npumepy, «3aKon» 00PATHEIX KBaZPATOB IJIA BIGKTPHICCKON CHIHL
Beped e 6cezda. Ham Gombme mo pyme oGparmsiii mopxon. Jlyu-
e HATATH C NOAHHE, caMBE O06WUL BaKOHOB, a 3aTeM LOBEp-
HYTHh BCHOATHh U IPHUMEHATHh MX K IPOCTBIM 3ajayaM, passusas Qu-
3UIECKUE IPECTABICHHUsS IO Mepe UPONBU;KEHHS Buepel. Taxk Mol
u cobupaeMcsi CIexarTs.

Ham nmopxon coBepmeEHO HPOTHBONOJOREH MONXOLY HCTODU-
9eCKOMY, KOTAAa M3IOKEHHE CIeNo CAERYeT 3a SKCIepUMEHTAMH,
B KOTODHX BIepBoie ObuIa monydeHa Hy:kHag uadopmanusa. Ho
Befh (QHUBMKY DA3BMBAIOT MHOKECTBO OYeHDb YMHBIX JOEH yKe
cebime 200 geT, a y HaC BpeMeHY MaJa0 M HaM HY)KHO OBIajerh 3Ha-
guAMA nDoGsicTpee. IloaToMy MEI mHe MOMeM OXBATUTH BCe, 9TO OHI
cpenaiu. Tak uro B BTHX JeKHHAX MH Gy/ieM BHHY:KJeHSH IMpeHe-
Gpeds mcTopueil mpeaMera M He GymeM PacCKas3HBaTh 00 omeITax. MH
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Kax nucams GEKMmopb! om PyKU

Heromopsie nuuiyny max s

—

- e,
€ ujgu © uaunpocmo €,

HaJleeMcs, YT0 BH BOCIOJHHTe UPONYIIEHHOE HA Ja0OPaTOPHHX
3aHATHAX; M, KOHOYHO, OYeHb MOJe3HO MOUMTATH CTATHH M KHHUTH
0 HCTOPAH (PUIMKH.

§ 2. Craaapnvie u eexmoprse noasx—T u h

Mu maumHaeMm cefizac -paccmorpenne aGeTpaKTHOTO, MAaTEeMATH-
TeCKOT0 MOAX0[a K TeOPHU JIeKTpWdYecTrBa W MarHerusMa. Hama
Mneiab — oOBbACHUTH CMBICA 3aK0HOB, Hammcamanx B ri1. 1. Ho gas
5TOT0 HALO cnepsa OGBACHUTH HOBHE OCOOCHHBIe O0OZHAYCHHSA,
KOTOpDHle MBI XOTHM HCHOONb30Barb. Jlasaifite mosromy Ha BpeMs
nozabymeM 9TeKTpOMAarHeTu3M M paszbepeMca B MAaTeMaTUKe BeK-
TOpHHX nonell. OHa oueHH BajKHA He TOJBKO B HIEKTPOMATHETU3ME,
HO M BO MHOTHX (U3HMUeCKHX 00CTOATENBCTBAX, NOTOOHO TOMY Kar
o0nunoe nuddepeHnuaTbHOe W HHTEIPATBHOE MCIUCIGHHE BayKHO
BO Bcex obmacrsax Qusmrm. My nepexomuM K puddepeHnnaibaoMy
HCYMCIAEHUIO BEKTOPOB.

Huse nepeanciens HeK0TOpHIe CBefleHUsA U3 anTeGpH BEKTOPOB.
Cauraercss, 9r0 Bl ¢ HAMH yyke 3HAKOMEL

A-B=cCramp=4,8,+4,B,+4,B,, (2.1)
A X B = Bexrop, (2.2)
(AXB),=A4,B,—4 B,
(AXB)x=Asz'—Asz7
(AXB),=A,B,—A,B,

AxXA=0, (2.3)
A.(AXB)=0, (2.4)
A.(B xC)=(AxB)-C, (2.5)
Ax(BxC)=B(A.C)—C(A-B). (2.6)
Mu GynmeM TarsKe MOAB30BATHCS CACAYIOMUME IBYMS PABCHCTBAMM:
Af (e, y, 2) =L Ao +3L Ay +5- U g, (2.7)
2f o
0z oy ay ox (2-8)
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Que 21. Temnepamypa T —
NPUMED CEAAADPHO20 NOAR.

C xaacdolt mouwott (x, y, 2) 8 npocm-
pancmee ceaavieaemes wucao T(x, y, z).
Bce mouxu Ha nogepxHocmu ¢ nomem-
xott T=20° (usobparcenroil e eude
xpueoth npu z=0) umeiom odny u my
oce memnepamypy. Cmpeaku - amo
npumeps. gexmopa nomora menaa h,

VYpasuenne (2.7) cupaBemimpo, KOHEIRO, TONBKO Upum Az, Ay m
Az — 0

Npocreiimee n3 ¢gusnueckux nosieli — craiaproe. Ilomenm, rar
BH IIOMHUTE, HA3HBAETCA BEIWYMHA, 3aBMCAMIAS OT NOMOKEHUA
B npocrpancTse. CEaipHoe noie — 9TO 1POCTO TAKOE IOJNe, KOTO-
poe B Ra:RIOH TOYKe XapaKTepu3yeTcs OJHUM-eINHCTBeHHBIM dMC-
JOM — CRAJIAPOM. ITO YUCAO, KOHEYHO, MOKET MEHATHCS BO Bpe-
MeHHM, HO IOKa MH HA 3T0 He OyaeM o0painats sEnMaHus. (Peds
Oyer WOTH O TOM, KAK HoJe BHIJIAANUT B JaHHOe MI'HOBeHHe.) B Ka-
YeCTBE MPHUMepa CKANSPHOTO HOJS PaccMOTpPUM OPYyCOK M3 KaKOTOo-
To Marepuana. B ogaux mMecrax Gpycow Harper, B IpyIHX — OCTY-
}eH, TAK UT0 eT0 TEMIIEPATYPA MEHSETCH OT TOUKH K TOUKE KaKHM-TO
ciosubiM o6pasom. Temueparypa Torna Oymer pyasnueii z, yu z —
DOJOKeHAsA B IPOCTPAHCTRBE, M3MEPEHHOTO B IPAMOYILOIBLHON CH-
creMe Koopauuar. TemMmeparypa — 9TO CKaJspHOE HOJE.

Opur cnocof mpeacTaBuTh cebe CKAMApPHOE 1OJe — 3TO BOOOpPa-
3UTH (KOHTYDH», T. €. MHICIeHHbe IOBEDXHOCTH, IPOBEJEHHEIE
depe3 TOUYKHM ¢ OJUHAKOBHIMU 3HAYCHUAME IO, 1OTO0HO TOPH-
30HTAIAM HA KAPTax, COGNUHSIONIM TOYKM HA OXHON BHICOTE HAJ
ypoBHeM Mopsi. lasa teMmeparypHOTO mONA KOHTYpPH HOCAT Ha3Ba-
HUE «H30T€PMUYECKME NOBepXHOCTNY, maAn usorepMut. Ha ¢ur. 2.1
TOKA3aHO TeMIePaTy pHoe mode u sasucuMocTh I or 2 u y npu z=0.
IlpoBeeEO0 HECKONBKO H30TEPM.

ITomst GeiBaror Ttaryke BekTopHHMH. Mies WX ouens mpocra.
B raskgoll Toure mpocrpancrsa zagaercs BerTop. OH MeHAeTCS OT
TOYKHU K TOYKe. PaccMoTpmM B BHe npuMepa Bpamamonieecs Temo.
CKropocTh MatepHanza Tela BO BCAKOW TOYLE — 9TO BEKTOP, KOTO-
pHi ABiAerca Qysrunuedl ee momoswenusa (fur. 2.2). Ipyro#t npm-
Mep — IOTOK Temna B OpyCcKe @3 HeKOTOporo Marepuana. Ecam
B OflEOI JacTtm OpycKa TemMmeparypa BHIIe, a B ZPyroil — HWxe,
TO OT TOpsAYeld YACTH K XOJIOZHOH 6ymer HATH MOTOK Temaa. Temino
B Pa3HHIX YacTAX GpycKa OyHer pacTeKarbesA B PAasiMIBEX HAIpaB-
aepusax. llorox Temna — 310 BejrHuYMHMA, MMEIOMAA HANpaBICHUe;
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Dy 22 Cropocmu amoxmos 6o
epawanuLencs meae — NPUMED ek~
mopHo2s nois.

/
Bpatyenig

o6ozmaunM ee h; MJINHA 5TOTO BeKTOpa UWYCTh M3MEPsAeT KOJIHIECTBO
NPOTEKAIOUIETO Tenaa. BeKTOPH moToKa Temla TaK:Ke M300paskensl
ma ¢ur. 2.1.

Onpegenum temepb h OGomee tToumo. Ilimma BexTOopa HOTOKA
Temia B JAHHOI TOUKe — 9TO KOJHUYECTBO TEHIOBOIi HHEpruum, mpo-
XOfANee 34 eJIMHUIY BPeMeHHI U B HepecueTe HA eJUHUIY IJIOINALU
CKBO3b OECKOHEUHO MATHII IeMeHT HOBepPXHOCTH, MepHeHIUKyAAD-
HEII K HANPABJIEHWIO UOTOKA. DBEKTOp YKasnBaer HalpasieHue
moroka (pur. 2.3). B Oyxsenunx oGosHaueHmaAx: ecam AJ — rem-
J0Bas DHepruf, NPOTEKAMMAs 34 eJUHHIy BPeMeHH CKBO3b dje-
MeHT mosepxHocTH Aa, TO

AJ
h=-—-e, (2.9)
e e, — eQuHWiHbLIL 6eKMop HANPABIEHHA MOTOKA.

Bexrop h MO}XHO OLHpelelUTh H HHAYe — HYepe3 ero KOMIIOHEH-
TH. 3apmaanM cefe BOIPOC, CKOABKO TEOa IHPOTeKaeT Iepes MaJdyio
TOBEPXHOCTH IOJ NPOU360AbHBIM YTIOM K HAODABIEHHIO MOTOKA,
Ha ¢ur. 2.4 Mst u300pasuny MajJymo IOBePXHOCTH Ag, IOJ HEKOTO-
pHM YIJIOM K mOBepXHOCTH Aa,, KOTOpas HepHeHANKYJISpPHA K IO-
1oKky. Edunuunwili gekmop N TepUEHAHKYISPEH K IOBepXHOCTH

y

— h

Due. 2.3. Tennosoli nomor —
G 8EKMOPH O nose,

Bermop h yxasvisaem Hanpasderue
T Tonaoeold ~ TOMORA. Abcoaromuan  eeaunuHa ez20
._. nomex BUPANCALTN IHEPEUIO, NEPEHOCUMYIO 3Q
eOUHUYY 6peMEHU uePe3 dAeMeHm No-
8epXHOCMU, OPUCHMUPOEGAHHYWIL None-
——] // per nomon’a, desaenHy0 Ha nA0Wadb

T ageMeHMA NOGEPXHICTU,
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@ ue. 2.4. Tenaoswe nomoku creosw
Aay u creosv Aa; odunaroen.

Aay. Yrox 0 mesegy n u h paBeH yrory MesxIy MOBEPXHOCTAMHA (Tar
kak h — sopmans k-Aa,). UeMy remepsr paBem LOTOK Temna de-
pes Aa, Ha edunuyy naowadu? Ilotoxu ckso3b Aa, m Aa, paBHE
Mempy coboii, ornmualoTca TOXBKO miaomamu. [ledficTeuTensHo,
Aa, = Aa, cos 0. Ilotor temna sepes Aa, pasen

. %’;'—:%cosﬂzh-n. (2.10)
IlosicamM aTo ypaBHeHMe: mMOTOK Teiwia (B eMUHUILY BPEMEHH M HA
eIMHUITY WJIOWANN) UYepes npPOU3EoAbHslli DIEMEHT I10BEepPXHOCTH
¢ eIMHNYHOE HOpManbio n paBeE h-n. MoskHO eme crasaTh Tak:
KOMIIOHEHTA IOTOKA TeIUla, NePHEeHJUKYISPHAS K JIEeMEeHTY Io-
pepxuoctd Aa,, pasaa h.n. Momx=o0, ecnm MH X0THM, CINTATH STH
yrsepikaenus onpedeacruer h. CxopEele mpenm MBI UpPUMEHUM H
K JPyrMM BEKTODHBIM IIOJSM.

§ 3. IIpouseodnsie noaeit — epaduenim

Korga moas MeHSIOTCA CO BPEeMEHEM, TO X M3MEGHEHHE MOKHO
onucaTh, 33/1aB UX npousBojHbie mo . MBI XOTHM Tak/ke ONHCATH
I UX W3MEHEeHHE B NIPOCTPAHCTBE, LOTOMY 9YTO MBI HHTEpPECyeMCs
CBABBIO, CKAJKEM, ME;RIY TeMIEPATY POl B HeKOTOpPOU TOIKe U B TOUIKE
¢ meil pspoM. Kak ke 3ajgaTh NpOMSBOXHYI0 TeMIEPaTYpPH IO KOOP-
mumate! J[updepennuposars temueparypy mo z? Wiu mo y, mim
oo z?

OcMmeicaenasie Qu3vdecKde 3aKOHH He 3RBUCAT OT OpHEHTAIUE
cncreMsl Koopamrar. IloaToMy mx Hy:KHO mmcarh Tak, 9TO00H IO
ofe CTOpOHH 3HAKA PABEHCTBA CTOSJIM CKAJIADH HIH BEKTODHL
Yro ke TaKOe IPOM3BOJHAA CKAASAPHOTO WOJIs, CRaxkeM, 0T/0x?
Crajap a7 9T0, WIH BEKTOD, WK eme 9T0? IT0, KaK JeTrKO TOHATD,
HU TO HHU JPYroe, IOTOMY 4TO eCIH B3ATH APYTY® och z, To 07/0x
maMenutcsa. Ho szamersre: y HAC €cPh TPH BOBMOKHBEIX IPOU3BOJ-
BeIx: 0T/0x, 0T /0y u 0T /0z. Tpu copra HpPOUSBONHKEIX, & Bexb MH
3HAaeM, YTo BY/KHO KAK Pa3 TPHE UMCIa, 9TOOH 06pa3oBaTb BeKTOP.
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Momer Gbith, 9TH TPH LPOU3BOJHLIE U HPENCTABIAIT COGOH KOM-
HOHEHTH BEKTOpA:
oT oT oT
(73;_’ By’ Fr
fAcro, KoHEYHO, UTO, BOOOME TOBOpS, HE U3 £IOGHE TPeX YUCen
MO}KHO cOCTaBHTH BeKTOpP. O BEKTOpe MOYKHO TOBODPWUTH TONBKO
TOT/a, KOIZA IPH IOBOPOTE CHCTEMHl KOOPANHAT KOMIOHEHTH Tpe-
ofpasylorcs 10 NPAaBHABHOMY 3aromy. Tak uro caemyer mpocae-
ANTH, KAK MEHAIOTCSA STH UPOH3BOJTHEE IPH OOBOPOTE CHCTEMEL
rooppuaar. M moraskem, uro (2.11) — pmeiicTuTensHO BerTOD.
Hpoussommeie AeficTBUTEISHO HpPeoGpasyoTCA TIPH BPAIMeHHH CHU-
CTEeMH KOODAMHAT TaK, KAK HOJATAETCH.

B srom MommO ybGemurbea mo-pasnoMy. MomHO, Hampumep,
sagarh ceGe BOmpOC, OTBET HAa KOTOPHII He JO/KEH 3aBHCETH OT
CUCTEME KOOPAYHAT, M TOUHTATLCA BEIPA3HTh OTBET B «HHBADPHAHT-
Hol» opme. K mpumepy, ecin S=A-B u ectn A u B — pexropm,
TO MH 3HaeM (3TO Morasamo B BHm. 1, ra. 11), wro § — crausp.
Mzt swaem, 910 S — CKaJAp, He MPOBEPASA, MEHSEICS JH OH IIPH
W3MEHEeHUM CHCTeMHB KoopamuaT. EMmy nuueeo umnozo mne ocmaemcs,
pas OH sIBASETCA CKATAPHHIM NIPOM3BefieHMeM ABYX BEKTOpOB. 1lo-
700HHIM ke 06pa3oM, eclm ME 3Haem, 910 A — BeKTOp, H Y HAC
ecrb Tpu gucaa By, By, By, u M 00Hapy:KUBaeM, 4TO

AB,+AB, - AB,=S (2.12)

(rme S B 110001 cucTeMe KOOPAMHAT OTHO M TO Ke), TO TPH UHCIA
B\, By, B; o0asanw Owitb rommonenramu B, B,, B, mexoroporo
pexkTopa B.

PaceMorpuM Temeph TeMumepaTypHOe HOTe. BO3hMeM JBe TOUKH
P, u P,, pasnenennnie ManenbruM paccroauneM AR. Temmeparypa
B P, ectv T}, a 8 P, ona pasra Ty, u ux pasuuna AT=7,—T,.
Temumeparypa B 9TUX PeaTbHEX (H3MYECKHX TOYKAX, KOHEUHO, He
3aBHCHT OT TOTO, KAKHe OCH MK BHOpPAIM JJIf M3MEPEHUS KOODIH-
HaT. B wacraoctu, AT — Toke 9mCiIO, He 3aBUCANIEE OT CHUCTEME!
KoopauHAT. ITO CKALAP.

Bulpar ynoGryio cucteMy KOODOIEHAT, MH MOKeM HAIHCATh

T,=T(z, ¥y, 2) u Ty=T (x4 Az, y+ Ay, z+4 Az),

rne Az, Ay, Az — womuorenTs Bektopa AR (¢pur. 2.5). Benomaus
(2.7), HanmmeMm

):Bemop au aro? (2.11)

oT oT oT

Caena B (2.13) cTomT cKansAp, a cIpaBa — CyMMa TpeX IPOU3Befie-
Hu# Kaknx-To gucea Ha Az, Ay, Az, KoTophle ABIAITCH KOMIOHEH-
TAMH BeKTOpa. SHAYHT, TPU IHCAA

or oT or

8z ' Oy ' 0z



D uea 25. Bekmop AR c komno- : STTTTTT 257}
rnenwmanu Az, Ay, Az . !
|

— TOYKe Z-, Y- U Z-KOMIOHEHTH BeKTopa. Mbl HANMIIEM 3TOT HOBHIL
BeKTOp mpu momomu cuMBoaa yI'. CuMson y (HasspaeMbii Habaa) —
9T0 A pBepPX HOTaMH; OH HAOMHWHAeT HAM O AH(QdepeHIHPOBAHNM.
Yuraror y I'mo-pasnomy: «aadna I'y, wau «rpaguent Iy, mun «grad T'»:

or oT oT\#*
grad Tsz=<%, ., 32-) . (2.14)

C stum oboznauvennenm (2.13) mepenmceisaercsa B Gollee KOMIAKT-
Hoit ¢opme
AT =yT-AR. (2.15)

Wnu, Brpakas croBaMu: PasHUIA TeMOEPATYp B ABYX OJIHU3KHX
TOYKAaX ecTh CKAJIApHOe IpOM3BefeHNe Ipaguenta I HA BEKTOP
cMellleHMsT BTOPOH TOYKM OTHOCHTeXbHO Hepsoii. Mopma (2.15) Tar-
jRe CIYRHUT HINOCTpanuell K HameMy yTRep:uaeHuio, 410 yI —
IeHCTBUTEIBHO BERTOP.

Brirs mosxer, Be eme He yOexmemn? Torma mokaskeM mHaUe.
(XoTs, BragesmMuch BHAMATENBHO, BH YBHINATE, YTO 9TO HA CAMOM
Jelie TO e CaMoe JOKa3aTelbCTBO, TOALKO momimuanee!) M mo-
KajxeM, 910 KoMmomeutH yI mpeobpasyiorcs aGCONOTHO Tar jKe,
Kark @ KoMmoHeHTH R, a sHaumT, yI' — TOMKe BEKTOD B COOTBETCT-
BHM C NEPBOHAYANBHHM OIpPefeleHneM BeKropa B peim. 1, ra. 14.
Mo BrifepeM HOBYIO CHCTEMY KoOOpAHMHAT z', ¥', 2’ m B Helt BeIUmC-
amm 6T/0z', 8T/ay’, oT/9z'. Ilna npocToTH HOXOKUOM z=2z',
TAK 970 O Tperheil KooppmHaTe Ml MoykeM no3aluTh. (Mosmere
caMm BaHATHCH UpoBepKoil Oosmee obmero ciaydwas.)

Brifepem cmereMy ', y¥’, HOBEpPHYTYIO OTHOCHUTENBHO %, Y-
cucreMsl Ha yroa 0 (gur. 2.6, a). Koopgudate Touru (z, §) B IWITpH-

* B mamnx o0o3HaveHnsaXx BrIpakeHme (a, b, ¢) NpeicTaBAAeT BEKTOD C
KOMOOHEHTaMH @, b, ¢. Eciim BaM HPaBHTCA NOJbL30BATHCA eIMHMYHBIME BeK-
Topamu i, j u k, To MomHEO HammcaTb

VT i0T+. 6T+k oT
=%z T ay gz *
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D ue 2.6. Ilepexod r noseprymois
cucmenme xoopdurnam (a)u wacmuii
cayuall unmepsasa AR, napassens-
Ho20 K ocu z (6).

XOBaHIION cucTeMe WMeIoT BHJ

N z'=xcos04-ysin0, (é.lﬁ)
y =—xsin 04 ycosH, , (2.17)
WIN, pemas OTHOCHUTeNBEO Z M ¥,
z=2"cos0—y"sin0, (2.18)
y=2x"sin0-4-y" cos 0. (2.19)

Ecan Bcsikasd mapa umcesl IpeoGpasyeTcsi Tak ke, Kak £ W Y,
TO OHA ABIACTCA KOMIOHEHTAMH BEKTODA.

PaccmorpuyM Temeph pa3HUMIY B TeMOEpaTtypax JABYX cocell-
Bux touek P; m P, (fur. 2.6, 6). B rooppuHarax z, y sammmewm

AT =T Aq, (2.20)

Tak xar Ay=0.
A B mrpmxosarHoil cucreme? Tam Mu OH HamucamIu

or  ,, T . ,
AT 5—57 Ax + oy Ay . (221)
.Tnapgsa Ba ¢ur. 2.6, 6, MBI BEAEM, 9TO
Az’ =AzcosHO i (2.22)
i
Ay’ =— Azsin9, (2.23)

Tak KAk Ay orTpuuaTeibio OpH noxoskureaprHoM Az. IMoxcras-
asas B (2.21), momydaem

AT:%A%‘GOS@—%} Azsin § = (2.24)
(8T T .
= (37 cos G—a—y, sin 9) Az. _(2.25)



CpaBHuUBasA (2.25) ¢ (2.20), Ma1 BumuM, 970

%=%cose—%§, sin 0. (2.26)
910 ypasHeHue ToBOpPUT HaM, 4ro A7'/6x moayuaercs us 47/0x" u
oT/dy’ B ToumocTH TAK ke, Kak r m3 =’ m y' B (2.18). 3mauur,
0T/0x — ato z-KoMmomemTa BeKTOpa. CXOMHBIE jKE PACCYKECHH
nokassisator, aro d7/dy u 87/0z cyts y- m z-kommomenTsl. Crato
6617Th, Y1 ecTh Ha camoM flelle BeKTOp. ITO BeKTOpHOe mojue, oGpa-
30BaHHOEe U3 cKanspHOoro moas T

§ 4. Onepamop vy

A cefigac MB npofesaeM Kpaiide 3aHATHY ® OCTPOYMHYIO
Bel[b — OJIHY M3 TeX, KOTOPHE TaK YKpamialT MareMaTury. [lo-
rasarenbcrso Toro, 9ro grad I, mau y7, sAiBasercs BeKTOPOM, HE
3aBHCHT OT TOIO, KaKoe CKAJIApPHOe moire MH gufdepenuupyem. Bee
LOBOIHE OCTaJHCh GH B cuie, ecam 6s1 7 ObLI0 3aMEHEHO 4106 bM
CKAAAPHBM NoAei. A TOCKOIBKY YpaBHEHHSI IpeodpasoBaHumit
ONVHAKOBH HE3ABUCHMO OT TOTO, 916 AudepeHIUuPYeTcs, T0 MOKHO
T y6pars u ypasaerue (2.26) 3aMeHNTH OIEePATODHHIM YpaBHeHHEM

= 37 008 0— 5 sin 6. (2.27)
Kagr smpasmrca [Jsusc, ME OCTABISEM OmEPATOPH RAMAYIIEME
npopupdepeREPoBaTH ITO YTOLHOY.

Tar kar camu nudPepeHIEATLHEREE 0NMEePATOPH 1PeolpasyoIcd
KaK KOMIIOHEHTH BeKTOPHOTO IOJ, TO MOYKHO HABBATH AX KOMIIO-
HEHTAMHE 6¢KMOPHO20 onepamopa. MomHo Haumcath

o 8 a\.
. v =5 5 ) (2.28)
JTO 03HAUAeT, KOHEYHO,
0 d a
Vi L= Vemg - (229

Mgr-aGerparuposany TpagueHT oT I — B 9TOM U eCThb OCTPOyMHe.

Konmeuno, BB JOMIKHEL BCe BPeMsI NOMHHUTH, YTO Y — 5TO OLe-
parop. Cam mo ceGe o EMIero He o3HAuaer. A ecam y caM mo ceGe
HNYero He 03HAUAeT, TO UTO BHIAMeT, eclu MBI 2paducHm TOMHOKUM
Ha CRajgfAp, HampuMep Ha 7', 9ro0H HOXYYWIOCH IPOH3BENEe-
ane Ty? (Bemp BeKTOD BCeIZla MOKHO YMHORUTH HA CKANAp.) ITO
OIISITH HUIETO He 03HAaYaeT. HoMmoneHTa £ 5TOr0 BHPAYKEHHS paBHA

0 (2.30)

A
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a 5TO He 4HCIO, & Bee ellle KaKoii-To omepaTop. OXHAKO B COrNTacHM
¢ anre6poit BeKTOpoR I'y HO-IpesKHeMY MOKHO HA3BBIBATH BEKTO-
poM.

A celfIac TOMBOMKEM Yy Ha CKaxap ¢ Apyroft cropoHH. llomy-
gurcs npousseneEue yI. B oOmumoill anre6pe

TA=AT, (2.31)

HO HY’KHO HOMHHTb, UTO OIepPaTOpHAA anrefpa HeMHOTO OTIAUIACTCH
ot o0siTHOil BeRTOpPHOHA. Hamo Beerga BHEp/KUBATH MPABMIBHBIN
OOPAMOK OMepPaTopoB, 4To0H HMX ONEepPANMH HMeJH cMbica. Torga
y Bac TpygHOcTell He BOBHHKHET, €CIM BH UPHIOMHHTE, YTO OIe-
paTop y HNONIMHAETCA TeM ;K€ YCIHOBHAM, 9TO M IPOUBBOLHEE.
To, 9ro B gudpdepeHnmpyeTe, AOMKHEO OHITH IOCTARIEGHO CIPABA
or y. llopamor 3mecws cyuiecrsen.

Ecan momeEETE 0 mOpsimKe, To cpasy scHO, 4TO0 Ty — aTo ome-
paTop, a mpomsmefeHnme yI — 3TO y)Ke He GRaKAYHmumHA» omepa-
TOP, €r0 JRAKAA YTONeHA. ITo (U3HYECKAs BeIMIWHA, HMEINAs
cmpica. Or mpefcTaBaseT coGofl CKOPOCTH HPOCTPAHCTBEHHOTO H3-
Menenns I': z-xoMmmonenTta y7 IHORa3nBaer, HACKOIBKO.8sicTpo [
H3MeHSeTCA B Z-HampaBleHuWn. A Ky#a HampasimeH Bexrop yI17?
Mger 3HAeM, 9TO CKOPOCTH U3MeHeHHA I B KAKOM-TO HAIPABICHHH —
810 KommoHenTa yI B pToM Hampammenmu [cM. (2.15)]. Orcropa
crefyer, uro Hampasimerume yI — 210 TO, MO KoTopomy y 7 obia- -
JaeT caMoii ATUEHOH npoeKueil; MEKMI CIOBAMH, TO, IO KOTOPOMY
v7T wmensierca OmicTpee Bcero. Hampasmenue rpagmenra T — 910
Haupapirenne ObcTpedmero mogskeMa senmduasl T,

§ 5. Onepayuu c vy

MoskHO 1m ¢ BEeKTODHHIM OIEPATOPOM Yy UIPOUBBOAUTH APyTHe
anredpamuecwue feficreua? IlonpoGyeM ckoMOMANPOBATE €T0 C BEK-
TopoM. U3 IBYX BEKTOPOB MOKHO COCTABHTH CKAJNSIPHOE IPOH3Be-
JeHue, IpUIeM SBOSKOTO POfia:

(Bexkrop) * V HIn V * (Berrop)-

IlepBoe BrIpamenue noka 4To HUYETO0 HE O3HAYAET — 3TO BCE emie
omepaTop. OKOHIATENBHBIA CMHICH €T0 3aBMCHT OT TOTO, HA 9TO OH
Oyzmer meiicrBoBaTh. A BTOpPOE IPOH3BEJEHME — DTO HEKOE CRAIAD-
HOe moXe (moToMy d4ro A-B — BCerma craimsp).

[Tompo6yem cocTaBuTh CKAXApPHOe HPOU3BEIeHHE y HA M3BECT-
Hoe mole, cka;keM Ha h. PacrmmeM moKoMOmoHeETHO

Vh=Vxhx+ Vyhy+Vzhzv (2'32)
nian
b O Ok, | b,
v-h W+W+ el (2.33)

9r1a cyMMa MHBAPUAHTHA OTHOCHTEIBHO IpeoGpa3oBAaHHA KOODIH-
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gaT. Ecam Be6pats Apyryno cucteMy (OTMeUeHHYIO IOTPUXaMwu),
TO MOJYYWIOCHh OB * - \

p O, Oy Ok 534

V T = oz’ + ay/ + 82 ! ( . )

a BT0 — MO JE camoe IUCAO, KOTOPOe MONyIuIAoch Ou 1 m3 (2.33),
X0TA ¢ BUAY OHO BHITISJUT WHAYE, T. €.

v -h=vy-h (2.35)

B mio0oif Touke mpocrpancrea. WUrak, y-h — s710 cramApHoe noe,
H OHO JO/KHO NpPefcTaBuTh c000il HOROTOPYI0 (UANIECKyIO BeIH-
quHy. BH [oM;KHEl noHUMAaTh, YTO KOMOHHAIMA NPOU3BOTHEIX
B yv-h mMeer noBoabrO cnenmanbu Bux. Moryr Os11h W gpyrue
KOMOMHAIUA BCATECKOTO BHAA, CKAayKeM 6hy/0x, KOTODEIe He SB-
JNAIOTCA HU CRATADPAMHE, HE KOMIOHEHTAMH BEKTODOB.

CranapHas BexwdnHa y-(BexTop) 09eHb INMPOKO HPUMEHSIETCH
B fusure. Eif npucBonny uMs «UBePTeHIU Y, HITH «PACXOAMOCTEY.
Hanpuwmep,

v-h=divh = (Juseprennun hy. (2.36)

Mosxro 65110 681, KAk u gua y7', onucath gusmdeckuit cMeca y-h.
Ho Mum o1mosxuM 9T0 A0 NIyYIMIEX BpeMeH.

TlocMoTpuM cHauana, YTO elle MO/KHO HMCUEYb U3 BEKTOPHOTO

omeparopa y. Hak Hacger BexTopHOTO mpoussefenus? Momuo Ha-
JAesTBCA, 9TO ’

v Xh= Bexrop. (2.37)

KoMnoHeHTH 3T0T0 BEKTOpa MOMKHO HANMCATH, NOIB3YACH OOBIY-
HEIM IIPABWJIOM JJA BEKTOPHOrO Hpom3BefeHus [cM. (2.2)]:

oh, Ok,
(Vxh), = Vb — Vb, =2 — 5. (2.38)
Ilogo6uo atomy,
ok oh
(Vxh)x=vyhz—vzhy=—a7z—a~; (2.39)
u
. oh, oh
(vx h)y = Vzhx'—' Vxhz =z axz . (240)

HomGuranuio yxXh nassBawTt «poropy (mmmyT rot h), mium
(penxo) «srxps hy (mumyr curl h). Ilpomexosnenue sToro HasBa-
HEA U (usmgecKmMil cMBICT KoMOMHAIUU MBI 00CyIuM IO3:Ke.

¥ Mu paccmarpuBaeM h Kar gusuueckyro BeJIWYNHY, 3aBHCANIYIO OT UO-
J10;KeHNA B IPOCTPAHCTBE, 4 He KaK 3aJaHHYI0 MATeMATHYeCKH QYHKIUIO TpexX
nepemenrux. Korna h «puddepennupyercay mo z, y 1 z max oo ', y' u 2/,
TO MATeMATHYECKOe BE payKerne mia h momxuo GHTh DpefiBapHTENIBHO BRHIDLKe-
HO B BHe QYHKOAM COOTBETCTBYWHINX IepeMeHHbiX. [JoaToMy, B HOBOH cH-
CTeMe KOOPHMHAT MHl He oTMedaeM h mrrpuxom.
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B wrTore M monydYEHAH TPH COpTa KoMOMHaNmil, KyAa BXONHT V:

vT =grad T = Bexkrop,
v-h = divh =Craxap,
vxh=roth = Bexrop.

Wcooneaysd 5T KOMOMEANUU, MOKHO IPOCTPAHCTBEHHEe BapHAIAR
mojiett 3aNMCHIBATE B YIOOHOM BHJE, T. e. B Blfle, He BABUCAMEM OT
TO# WM MHOH COBOKYNHOCTHM OcCell KOOPTUHAT.

B rawectse mpmMepa DPUMCHEHMs HAIIETO BEKTOPHOTO JH(-
(epeHNUATBbHOTO ONmEPAaTOpa Yy BHOMIIEM COBOKYIHOCTH BEKTOD-
HBIX YPaBHEHHI, B KOTOPOA COAEPIKATCA Te CaMble 3aKOHBI DIEKTPO-
MarHeTHsMa, KOTOpHe MHi cIoBecHo BHcKazamxd B 1. 1. VIx maser-
BaioT ypasHeHusME MaKcpemma.

Ypasnenus Marcsessa

o
(1) v-E=q -,

B
@) yxE=—75", (2.41)
(4 eyxB=gr 4+,

rge p (po) — «HAOTHOCTH DIGKTPHIECKOTO 3apsaga» (KOAUTECTBO
3apajga B efgmHumIe 0o0beMa), a j — (WIOTHOCTH 3IEKTPUIECKOI0
TOKa» (CKOPOCTH MPOTEKAHUS Bapsafa CKBO3L €UHHIY IIOIMATHN).
ITH YeTHpe YPAaBHEHHsA cOmepRaT B cefe 3aKOHICHHYIO KIaccHye-
CKYIO TeOpHMIO DieKTPOMATHUTHOTO nois. Bumpure, rakoil smerant-
HOII M Hpocroil sanmenm Mo JOOMIHACH ¢ MOMONILI0 HAUINX HOBLIX
obo3HaTerUii!

8§ 6. Jugpgpepenynaivioe ypasrnenue
NOMOKa Mmenaa

Ilpurenem ppyro#i npmMep BeKTOpDHOH 3anucu (U3WIECKOro
3aKOHA. JTOT 3aKOH He M3 TOYHEIX, HO BO MHOTHX METaljax
H JpYyTUX Marepuajiax,IPOBONAMMUX TEHi0, OH HPOABIAETCA CO-
BepIMIeHHO JeTko. M3BecTHO, 9T0 eCIu B3ATH ILTATY ¥3 KAaKOr0-TO
MaTepmajia ¥ HaTPeTh OMHY ee CTOPOHy Ho TeMmeparyps 7'z, a mpy-
ryio oxaagurp no 7,, To temro moreuer or Iy k T (pumr. 2.7, a).
ITotox Ttemna npomopmuoHaZen miomamu Topros A u pasHmme
TemMuepatyp. Hpome Toro, oH o6paTHO HpPOHOPHMOHAJNEH PACCTOSA-
HUO MexRny rtopumaMu. ([{is safgamHoil pasHUIH TeMIepaTyp deM
TOHbIIe IJNTA, TeM Mompee moTor remia.) OGosHauas gepes J
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D ua 27 Tenaosoti no- T,
mox uepez naumy (a) u 2
6eckorneyno Mmaaas naum-

K@, RApAALEAbHAR  U30-
MmepMULeckolt  nogeprHO-
cmu 6 Goavwom OGaoke
geuecmea  (6).

I

Tennosod
pomoK

H3omepmut

finowads A

T,+ 4T

I
I

TeNJAOBYI0 9BEPruio, NPOXOJAMYIO CKBO3b INIMTY 32 efHHHLY Bpe-
MEeHH, MH HAXHIIEM

J=n(T,— 1)) . (2.42)

HosdpmunerT nponopunosanbHocTd % (Kanma) DassIBAETCS Men.Lo-
nposooHAcmbI0.

Uro nmponsoiifier B Gonee CHoRHBIX CIyJagX, CKayreM, B OmoKe
MaTepuana HeoObIYHOH (HOPMEI, B KOTODOM TeMHEpaTypa KaK-To
OPHXOTIHBO MeHsAeTcss? PacemoTpuM TOHKuil cioil Marepmanga m
upencrasmM cebe mianry HamopoGue m3o0paskeHHOR Ha ¢mr. 2.7, a,
g0 B MuHnaTioOpe. QpHeHTHpyeM € TOPIH HaPAIeIbHO H30TePMU-
YeCKHUM HOBePXHOCTAM (pur. 2.7, 6), Tak uTO i 9TOH MATOH TIHTH
BHIIONHSETCS ypaBHenue (2.42).

Ecrm maomans aroit mammst A4, To DOTOK Temnaa 3a egUHHLY
BPeMeHHN pPaBed

AA
AT =xAT 22 (2.43)

roe As — tonmmra mamiel. Ho AJ/AA Mpi pampmme ompepmenuiau
rkak abcomorHyio BeamuumHY h — BeKTOpa, HampaBIeHHOTO TYAA,
Ky#aa teget Terno. Temno reger ot I',+AT & T, Tak uTo BeKTOp h
nepueHgUKyIsaper msorepmam (dur. 2.7, 6). Hanee, AT/As kax pas
pasHO OBlcTpOoTe M3MeHeHHs I ¢ M3MEHEHMEM HONO;KeHHSA. A mo-
CKOJIBKY M3MOHCHHUS MOJOEHHS HePUeHIWKYISPHH U30TepMaM,
to mame AT/As i~ 9To MarcmMajibHafg CKopocTh maMenenus. Ona
pasHa mosromy seamaune y7. W, maxomen, pas mampapienus y I’
u h nporusomonomusl, To (2.43) MOIKHO 3amucaTh B BUfe BEKTOD-
HOI'0 ypaBHeHUs

=—xyT. (2.44)

(3HEaK MEHYC HANHCAH MOTOMY, 970 TEILIO T€YeT B CTOPOHY HMOHUe-
HUA TemMumepatypsl.) ¥Ypasmerue (2.44) — os10 puddepennuaisHoe
YPapHERHe TeILIONPOBOJHOCTH B MACCHBE BemecIBa. DH BHpUTe,
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9TO 9T0 YHCTO BeKTOpPHOe ypasHeHEe. C 00eMX CTOPOH CTOAT BEKTODH
(ecnm % gmcio). 1o 0606meHEe Ha NPOASBOMBHEI ciydali 9aCTHOTO
COOTHOmeHHA (2.42), BEPHOTO A NPAMOYTONbHON IIIHUTHL.

Mu ¢ BaMmE momkHH OyjleM HAYYHTHCA BHOHCHBATH BCE COOT-
HOIIeHNs dieMeHTapHOH ¢msmkn [Hamopofme (2.42)] B 3THX XHTPO-
YMHHX BeKTOPHHX 0003HaueHnsAX. OHE MONe3HH HE TOJIBKO NOTOMY,
9T0 YpapBHeHHSA HAYMHAIOT OT JTOT0 ewaaidemsv mpome. B HEX
HaMHOTO siCHee NPOCTYymaeT gusuueckoe codeprcanue ypapHeHHEN
0€30THOCHTENBHO K BHIGODY CHCTEMHl KOODAHHAT.

§ 7. Bmopoie npouseodnvie eexmopnstx noaets

Iloka MW mMend Jeno TOABKO ¢ NEPBHME HPOM3BOJHLIMH.
A mogemy He co propumu? V3 BTOPHX npousBOMHEIX MOKHO COCTa-
BHETH HECKONbKO KOMOHHAIIHIA:

(a) v-(vT),
(6) vx(vT),
() v(v-h), : (2.45)
(r) v-(vxh),
(m) vx(vxh).
Brr mosere y6eaThcsa, 9T0 HEKAKEX HHHX KoMOumanmi OHITH .
He MOmKeT,

IMocmoTpuM cmepBa Ha Bropyio KoMGumanmo (6). Oma uMmeer
Ty ke OopMy, 4TO H

AXAT)=(AXA)T=0,
moTOMy 9T0 A X A BceTHa HyJAb. 3HAUMT,
rot (grad T) =y X (y) T =0. (2.46)

Mosxao NOHATH, KaK 3T0 MOJy9aeTCs, e€CJd pacnucaTh OJHY H3
KOMIOHEHT:

VX (VD)L= vs (WD), =, W= 5 (5 )= (55 )+ @47

4TO paBHO HyJTIO [H0 ypaBHeHHIO (2.8)]. 910 ’Ke BEPHO W JiiA [PYTAX
rommoHeHT. Cramo 6HTb, yX(y7)=0 ara aoboro pacupepee-
HUs TeMOEPaTyp, Ja | JJA 6cAK0l CKansapHol QyHKImnT.

BossMeM Bropoit mpmmep. llocMorpmM, Hemb3s nM MOAYYHTH
Byab apyrmM nyTeM. CralXsgpHoe mpoH3BefeHHe BeKTopa Ha BeK-
TOPHOE NMPOU3BefeHNe, COfle[;Kamiee BTOT BEKTOP, PABHO HYJIIQ

A-(AXB)=0, (2.48)

moToMy 4T0 A X B nepneHpuKyaspHO K A W He EMeeT TeM CaMbIM
cocTaBAAKWMUX BRoab A. CXopHas KoMOEHANMA CTOMT B CHUCKe
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(2.45) mom momepom (r):
v-(yvxh)=div (roth) =0. (2.49)

B copaBeIamBOCTHE 3TOr0 PaBeHCTBA ONATH-TAKH NETKO yGeMATHCA,
OPOJeNaB BEIKNAJKA HA KOMIOHEHTAX.

Temepb chopmyampyem Ge3 JoKaszaTenbCTBa jABe TeopeMel. OHH
O04YeHb HATEPECHH W BeCbMa IOJIE3HHI JJiA (H3UKOB.

B ¢msmvecknx 3a5a9ax 9acTO OKABKIBAETCS, 9TO POTOP KaKoii-To
BeNWIUHH (CKajKeM, BeKTOPHOTO Ioast A) pased Hy:i0. MH Bmuenn
B ypaBeeHuu (2.46), 9T0 porop rpafueHTa paBeH HYII0. (10 JeTKO
BaIOMUHAETCA IO CBOHCTBAM BeKTOpoB.) [laiiee, MoskeT okazaThest,
910 A Oypmer rpafiueHTOM KaKoH-TO BEIHYMHH, NOTOMY 4TO TOTAA
potop A ¢ meob6xommocThI0 o6parurca B Hyab. Meerca maTepec-
HasA TeopeMa, yTBe/KIAIOMASL, 9T0 eCAH POTOpP A ecTh HYIb, TO
TOrfa A HenpemeHHO OKaKeTCs YbUM-MO TPAJHEHTOM; CYIIECTBYeT
HeKOTOpOe CKaXAPHOe mode 1) (mcm), Takoe, 9o A =grad . Nanmn
CIOBAMIH, CIIpPaBeinBa

TEOPEMA
Ecan vXxA=0,

TO umeeTcs P, (2.50)
Takoe, 4T0 A =vy\.

Cxonpaa TeopeMa QOpMyJNHEpyeTca M KA ciydas, KOTjga [qm-
Beprennms A ectb Hyab. M3 ypaBmenus (2.49) Buamo, uto musep-
reHnuA POTOpa J000H BeTWIWHHN paBHA Bcerja Hynw. Ecam Bam
caIy4alino BCTpeTHIOCHh BeKTOpHOe noae D, pana koroporo div D —
HYIZIb, TO BH EMeeTe IPABO 3aKA0YATh, 9T0 D 5T0 poTop HEKOTOPOrO
BexTopHOro mona C.

TEOPEMA
Ecan v-D==0,

ro mmeercs C, 2.51)
takoe, 9ato D=yxC.

TlepeGumpast BCEBO3MOKHEIE COYETAHHA [BYX ONEPATOPOB vV,
MH OGHApY;RWIAN, 9TO JIBA H3 HHEX BCerja JanT HYIb. 3aimeMcs
Temepb TeMH, KOTODHE He paeib Hymo. BoszbmeMm koMGmHAIM!O
v-(v7T), nepsyo B HameM COHCKE. B o6mem ciaygae 9TO HE HYNb.
Brinumem KoMIIOHEHTH -

VT=VxT+VyT+VzT'

v (v =V, (V. 1)+ v, (V) + v, (v.])=
02T 02T 0T
= Ox2 + ayz + 022 ?

Hauee,

(2.52)
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¥T0 Moer, Boo0me roBOpPsA, OHTH JIOGHM 9HCIOM. ITO CKAIAP-

HOe moae. .
Bu BHIOMTE, 9TO ¢cKOOOK MOKHO He CTaBUTh, a BMECTO STOrO

nncaTtb, He pHCKy}I OIMUOHATHCA:
v (v)=v vl =(vv)T=VT. (2.53)

Moxao paccmMaTpuBaTh V2 KaK HOBHI omeparop. 9TO0 craIgp-
BB omepatop. Tak Kak OH B (U3UKe BCTPEYAETCA HaCTO, €My
manu ocofoe UMH — AANAACUAH.

. 2 2 2
Namnacuan = y2 :% 4 aa—yz -+ % . (2.54)

Pa3z omepartop namnacumaHa — oNepaTop CKAJSIPHBLE, OH MOKET
nefictBoBaTh M Ha Bekrop. Ilox »1uM MH mojpasyMemaeM, UTo OH
UPpUMeHSeTCsI K KajkJ[0if KOMIOHEHTe BEeKTOPA

V*h=(V*h,, V*h,, V).

PaccMorpuM eme ogEy BO3MO;KHOCTE: y X (yXh) [(m) B cnucke
(2.45)]. Porop or poropa MOJKHO HADHCATh WHAYE, €CJHU HCIIONAD-
30BaTh BEKTOPHOE PaBeHCTBO (2.0)

AX(BXC)=B(A-C)—C(A-B). (2.55)

3amenuM B 1ol PopMyne A m B omeparopom y u momomum C=h,
Ilonygurcs

vX(vXh) =y (y-h)—~h(y-y)...2?

Tloropure-xa! 3pech 9To-To He Tak. Hak ¥ monokeno, mepeHe ABa
9jleHa — BEKTODH (0IepaTOPEl YTONHMIH CBOIO JKAKAY), HO HOcael-
HUU 4nieH coBceM He rtaxoii. OH Bce eme oneparop. OmubKa B TOM,
49T0 MH He ORUIH OCTOPOKHB M He BEIIE]KATU HYRHOTO MOPANKA
uneHoB. Bepaysmmcs 06parHo, BH yBHAHTe, 9T0 (2.D3) MomHO
C PaBHLIM YCHEXOM 3aIECaTh B BHJE

AX(BXC)=B(A.-C)—(A-B)C. (2.56)

Taxoit mOPAROK WieHoB BHTAATNT yiKe Aywme. CreqaeM Haury mof-
cTaBoBRY B (2.96). Ilonyuurcs

vyX(yvxh)=vy(y-h)—(v-v)h. (2.97)

"C oaroit ¢opmynoii yxe Bce B mopspxe. OHa [EHCTBUTEIBHO Ipa-
BIUIBHA, B 9eM BH MOiKeTe yGejurbcs, pacuucaB KommomeHTH, Ilo-
cleJRuil WieH — 9TO JAIUIACHAH, TAR 9TO ¢ PABHHIM YCIEeXOM MOJK-
HO HAIIHCATh

vX(vxh)y=vy (y-h)—v*h. (2.58)

W3 mamero cunmcka (2.45) [BOMHKX Yy ME pa3o6pand Bce KOMOE-
ganuu, kKpome (B), y(y-h). B Hel ectb CMHICH, 5TO — BEKTOPHOE
mojie, HO OoJbIIe CKasarb O Hell Hegero. J10 HPOCTO BEKTOpHOE

44



none, KOTOpOe MOKET CIydYallHO BOBHEKHYTH B KaKOM-HmOYQs pac-
gere.
Y no6mo Gymer BCe HAIN PACCY;KIAEHHA CBECTH Temeph B TaGMHI[y:

(@) v-(vT)= V2T = Crannpros mone,
©) vx(vI)=0,
(8) wv(y-h)=Rexropuoe mome,
(r) v-(vxh)=0, ,
(@) vx(vxh)=y(y-h)—v?h,
(e) (v-v)-h=v?h= Bexropuoe moue.

(2.59)

Bri Moruim samMeTurh, 9TO MBI He HBITAIUCh M306peCTd HOBHLH Bex-
TOpHBIA omeparop y Xy. [lonmmaere, mozemy?

§ 8. ITodsoxu

My npumenmIn Hanim 3HaEus OOHYHOI BeKTODHON axrelpst
K axrefpe omeparopa y. 37ech HYHKHO OHTH OCTOPO/KHEIM, MHAUe
nerxo Hamyrtarh. Hy:kHO ymoMaHyTh 0 ABYX moppoxax (Bmpoden,
B HallleM Kypce OHH He Berpersitesi). UTo MOKkeTe BH CKasarh O cc-
TYIOIeM BHIDayKeHHM, KyJa BXONAT JBe CRaJspHbe QYHKIUU

u ¢ (dm):
(v¥) X (ve)?

Ba1 Mokere mojiyMars, 9T0 370 HYAb, IOTOMY YTO OHO IOXO;Ke Ha
(Aa) X (AD),

a 970 BCerjla PaBHO HYII0 (BeKTOPHO® HPOU3BefeHHE ABYX 00uHa-
kosuir BekTopoB A XA Bcerma myns). Ho B mamrem mpumepe jsa
‘onepatopa y otHIOAb He opmHaxonn! Ilepsuit mefictByer ma omguy
¢$yuxnuio, §, a BTOpoil — Ha pyryw, ¢. 1 xora Mu mzobpaskaem
HX OHEM ¥ TeM K€ 3HAIKOM Yy, OHH BCE jKe JIOJKHBI paccMartpil-
BaThCA RaK pasHHe omepartops. Hamparnernne v+ 3aBucar or ¢ynx-
nuu \p, a HaOparleAre y¢ — OT QyHKIWHE ¢, TaK 9T0 OHA He 00~
3aHH OHTH HDapaliejbHHMHE:

(V) X (vp) %0 (B obmem ciyuae).

H cuacrpio, & TakuM BHpa)KeHUAM MB mpuberats Be Gymem. (Ho
CKa3aHHOe HaMu He MeHdAer ToTo dakrra, 9ro y@ Xyy=0 B mo6ox
CKAJISIPHOM 1oJIe: 3/lech 00e y ICIICTRYIOT Ha OIHY U TY jKe QYHKRITHIO.)

IlogBox HoMmep ABa (OH TO)Ke B HAIEM KypCe HE BCTPETHTCS):
TpPaBHIa, KOTOPHE ME 3/leCh HAMETII, BHIIAIAT IPOCTO U KPACUBO
TOJABKO B MPAMOYTOJbHKX KoopauwHatax. Hanpmmep, ecim Mu xo-
TEM HANUCATHh Z-KOMIIOHeHTY Bhpa)keHus V?h, To cpasy mmmem

02 02 02
(vh), = (o + o+ ) == Vo (2.60)
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Ho aro shpaenme He 2odumcs, eClIE MBI HINeM paduasbHyl0 KoM-
nonenty V*h. Oma He paBHa V24,. [lexo B oM, 94T0 B anrebpe Bex-
TOPOB BCE EX HANPABJIEHUS IONHOCTHI0 OHmpEeNeHH. A KOTHa MH
EMeeM J1el10 ¢ BEeKTOPHHIMU IIOJSAMMY, TO UX HANDABIEHUS B PA3HEIX
mecrax pasnamuEH. Horma mu mpobGyeM onmcarb BEKTOPHOe ToJe,
HamupmMep, B HONSPHHX KOOPAWHATAX, TO «pafUalbHOe» HampaBie-
HHe MeHSIeTcsi 0T TOYRH K Touke. VI HauaB fufdepeHIRpPOBATD KOM-
TOHEHTH, BB 3aIIPOCTO MO;KeTe momacTh B Gexy. [laxke B nocmosn-
HOM BERTODHOM IIOIe pajuaibHasi KOMIOHEHTA OT TOIKM K TOUKE
MEHSAETCH. :

O0n9n0 Ge30macHee W HPOLIe BCETO JEP/KATHCA HPAMOYTIOJIbBHHX
roopaunar., Ho cromr ymoManyTs M OHO MCKIIOYEHHE: NMOCKOIBKY
namnacnad V? eCTh CKAXAP, TO MOMHO mucarh ero B JI060i cucTeMe
KOOpAUHAT (CKaKeM, B HOAAPHHX Koopimuarax). Ho Tax xar aro
aupdepeENUATBHEN 0OIepaTop, TO HPHUMEHSTH €ro HaJ0 TOJBKO
K BeKTOpaM ¢ (WKCHPOBAHABIM HampapieHAeM KOMIIOHEHT, T. €.
K 3aJaHHHIM B OPAMOYTOJBHBIX Koopamuarax. Vrtaw, pacmumchBas
Hamm BeKTODHHE AufdepeHnuanbaEble ypanHeHHs MOKOMIIOHEHTHO,
MH GyjeM OpeJRapUTeNbHO BHPA;KaTh BCe HAIIW BeKTOPHEE IO
Yepes wX Z-, Y-, Z-KOMIOOHEHTH.



Taasa 3
§1.Bexropusie wmaTer-
HHTETPAJIbHOE NCYNCIEHHUE DAJIEI; KpHUBOMH-

BERTOPOB HelHsIi  wmHTErpai
oT vy

§2.Ilorox BerTOpHOTG

§ 1. Bexmopnsle unmezpaasve;
noasn

KPUBOAUHEUNHBLT UHMeLPas 0m Y

B npemsiymeii riape Mu Bmenm, dro 6pars$3.-IloTor m3 Ky6a;
Ipou3BOTHKE OT MONsi MOKHO mo-pasHomy. Onum  Teopema I'aycea
IPHUBOASAT K RBEKTOPHHIM WOJAAM; JPYTHe — K
CHRANAPHAM. Xo0Ts1 Gopmyn OHIO BHBEIEHO no- §4. TenaonposonsocTs;
BOJIBHO MHOTO, BCe UX MOKHO HOABITOKATH OJHUM  yPaBHEHHE nuppy-
OPaBUIOM: omeparope 0/0z, 0/0y u 0/0z cyTh Tpm 344
KOMIOHEHTH BeRTOPHOro omeparopay. Ceifiuac Ham
xXoreaoch OH Jayumie pPazoGparbCi B 3HAYEHHH §5. Huprynanna
Npou3BOAHKX moiA. Torma Mu Jerde mogyscrByeM  BEKTOPHOI'Q IOJA
CMBICJI BEKTODHHIX ypaBHEHHH HOJSA.

M yixe TOBOPUIH 0 cMEICIe onepanuu Tpafmen- §6.J{npryasanma
1a (y Ha ckansap). OGpaTuMces Tenepb K CMHCIy one- 1O KBajpaTy;
panmit BRUTCeHIA uRe preanuu(pacxoqumoctn)n  Teopema Croxea
poropa (puxps). TonKoBaAMe 5TUX BeJIUIUH Aydme
BCETO cle1aTh Ha A3HKe BEKTOPHHX mHTeTpanos u §/.1lons Ge3 poropon
ypaBHeHuit, CBASHBAOIEX »TH uWATerpans. Ho H moas Ges pusep-
VpaBHeHHUs 9TH, K HECYacThi0, HeJb3S BHBECTH u3  TEHIMIi
BEKTODHOH ajreGpH HOpE DOMOIGE KaKuX-Iu6o
JeTKNX TOACTAHOBOK, TAaK 9T0 Bam HNPUIETCA §8.Mrorn
y9uTh HX Kak 9ro-ro Hopoe. OfHa W3 STUX HHTE-
TpalbHKX (OPMYJ IPAKTHIECKU TPHUBHANBHA, a
npyrue jige — HerT. MH BHBefeM HX H IOSCHHM
UX CMHCH. JTH POpPMYyNBl QaKTUIECKU SBIAITCA
MareMaTHieCKUMHU TeopeMamu. OHU .IIOJIeSHH He
TONBKO JIA TONKOBAHWS CMBICAA U COMNEP:KAaHUA
NOHATHIl AUBepreHINA U Poropa, EO ¥ IpH pas-
paborre obmux Pusmieckux rteopuil. [as reopun
moneil 91U MareMaTHIECKNe TEOPEME — BCE PaBHO
9T0 TeopeMa O COXPAHEHWU DSHEPIHH [JIA MeXa-

HEKY gacrun. 11omo6HRe TeopemMn 06mIero xapax-
Tepa O4YeHb BA)KHH A Gonee IIy(GOKOTO HOHH-
MaEust ¢umsuku. Ho BWm  yeupure, dro, 3a
HEMHOTHMY IPOCTEIME HCKIIOYEHMAME, OHH Maio
9T0 [aI0T [If pemeRus samad. K cuacreio, Kaw
Paz B Hagdajge Hallero Kypca MHOTHE IIPOCTHC 47
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D ue 3.1. Hrawempayus ypas-
Kpusan T nenus (3.1).

Bermop v spivucasemca Ha auneti-
HOM dnemenme ds.

ds

jajauu OyJyT pemarbCA UMEHHO DTHMM TpeMA WHTerpajbHHEME
popmyinamu. Ilosswe, omHako, Korjga 3ajgadum CTaHyT TWOTpPYyHHee,
STHMHU OPOCTHIMU MeTofaMm Ml OOnbIIe OGOHTHCH HE CMu/KeM.

Mu HauHeM ¢ TOIl MHTErpajdbHON QOPMYAH, Kyma BXOJUT IPa-
mueaT. MECib, KOTOpPAfg CONEPIKUTCS B Heil, O4eHb HIpPOCTa: pas
rpaguenT ecrb GHICTPOTA M3MEHEHWs! BEJIMIWHKE TOJA, TO MHTETpal
oT arToit GEICTPOTH macr HaM o0uiee usMeHenue noas. Ilycrs y mac
ecTh CKansipHoe none P(z, y, 2). B IBYyX mpousBoNbHNX Tograx (1)
u (2) ¢yEEIMA P mMeeT cOOTBercTBeHHO 3HadweHmA P(1) m P(2).
|Ucmonnayerca rtaxoe ynobHoe oGosHauenme: (2) osHagaer TOYKY
(%2, Uzs 25}, @ P (2) 270 10 3K€ camoe, 9T0 Y(X5, Yy, 29).] Ecam I' (ram-
Ma) — OpPOM3BONBHAA Kpupas, coegmusomas (1) u (2) (dur. 3.1),
TO CIPaBeJINBa

TEOPEMA 1
(2)

PA—v= | (v ds. (3.0)
(1)
Braoss T
Nurerpan, croamuii sjech, 9T0 kpueoaunetinull unmespas or (1)
mo (2) pponp KpuBOi I' or ckanApHOTO mpOW3BEREHUS BEKTOPa Y1
Ha JIpyroil BeKTOp, dS, ABAAKINAICA GECKOHETHO MANBIM HJIEMEH-
rom fyru rpuroil I' [mampasaennoii or (1) x (2)].

HamomanM, 976 ME HOHHMaeM 0] KPEBOIRHEHHEM HHTEI DAL OM.
Paccmorpum cranspayio ¢ysknuw f(z, Yy, z) u kpusyo ', coequ-
gaomyo Aase tourd (1) m (2). OrMeruM Ha KpUBOH MHOKECTBO TO-
9eK W COEJUHUM HUX XOopjAaMu, Kak #a ¢ur. 3.2. auna i-it xopau
paBua As;, rae i mpoberaer snavenns 1,2,3, ... . llog kpusonunei-
HHIM HHTeTpajioM

(2)
fds

(1)
Bpoas T

noapazyMeBaercda npenes CyMMH
2 fiAsiv
rne fi — 3HayeHne Q)yHI(ILI/IE The-10 Ha i-i Xopge. I'Ipe,qe.n — 3TO TO,
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D ue 3.2 Kpusoruneinwi unmez-
paa ecmv npeden cymmil.

K 9eMy CTPeMHUTCA CyMMa, KOTJia PacreT Yucio Xopy (pa3yMHsIM 00-
pasoM, aro0u fAake HamGoabmee As; — 0).

B namreit reopeme (3.1) mETerpas osmadgaer TO jKe caMmoe, XOTb
U BHIJIAAAT 9yTHh mo-mHoMy. Bwmecto f crour Apyroil crkaasp —
cocraBigomas yYy B HampaeieAmum As. Eciam obosmauurs ary
cOCTaBIAIINYI0 depe3 (y¥);, TO ACHO, UTO

(V) As = (v) - As. (3:2)

WNurerpan B (3.1) 1 moapasyMeBaeT cyMMy TaKHX 9JeHOB.
A Temepb mocMoTpmM; mouemy ypasmenme (3.1) mpaBuibHO.

B ru. 1 Ms moKasan®, 49TO COCTABJAAIINAS Y\ BIOJIb MajJOTo cMe-

menua AR paeHa OmcTpoTe usmeHenus 1 B HanpasJjernuu AR.
PaccmorpuM xopay kpmBod As or Toukm (1) mo roukm @ Ha
¢ur. 3.2, llo mamemy ompegereHU0

Ap; =P (2)—P (1) = (v}), - As,. (3.3)
TouHo Tak e MH HMeeM
Y (O)—P (@) = (V)s- Asyy (3.4)

Ie, KoHewHo, (y1), 03HadaeT rpajUeHdT, BHYHNCIeHHH HA XOpTe
As,, a (y¥),—rpajuest, BuUHCAeHARH Ha As,. Cxoxkms (3.3) u
(3.4), moayuum

P (O)—p (1) = (V)1 As 4 (V)2 As,. (3.5)

Bu supmre, 910, npoponxKas npubaBaATh TaKUe WIieHH, MH MOy~
9aeM B HTOTe

P (2)—P (1) =X (v);- As;. (3.6)

JleBas wacth He 3aBumCHT OT TOTO, KAK BHIOHPATh HHTEPBAIH —
aump 6u1 Touku (1) m (2) GhuiM TeMu ke CaMEIME, TAK YTO CHpaBa
MOKHO mepeidtm K mpemeny. Tar morasmBaerca ypapHeaume (3.1).

W3 mamero mokasarenbcTBa BUIHO, 9TO, MOTOGHO TOMY KAk pa-
BEHCTBO He 3aBHCUT H OT BHIGOpa TOdYeK a,b, ¢,..., TOUHO TAK iKe
OHO He 3aBHCHT OT BHGOpa caMoii xpuroi I'. Teopema Bepea misa
10600, KpUBOl, coefunstomeil Touxu (1) u (2).
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JIBa c1oBa 06 oG6o3nagenusnx. He Gymer myranuns, ecin nucarsh

A ymobcersa
(v¥)-ds=y-ds. (3.7)
4

Torpga Hama TeopeMa mpEMeT TAKOIT BH:
TEOPEMA
(2)
YAO—bW= |  vods. (3.8)
ﬂmﬁaélx)pnaaﬂ,

COeRHHABIIAA TOUKI
(1) m (2)

§ 2. ITomor GexmopHozo noasn

[Ipesxae gemM paccMarpusaTh CAeAyOIYI0 MHTETPATBHYIO TEOpe-
My — TeopeMy O AHMBepreHIlNU,— XOTen0Cch Okl pas3olparbea B OfI-
HOH mjee, CMBICT KOTODPOH B ciaydae TeIJIOBOr0 MOTOKA JIETKO YCRAau-
paerca. Mul y:re ompenenmnu serrop h, mpeacrapndrommii Koam-
YeCTEO Temna, OPOTEeKAIoINero CKBO3b EMUHHMIY IUIOMATH B eau-
guny spemenu. llomommm, 4ro BHyTpm Tesa mMeerca 3aMEHYTAS
moBepXHOCTH S, orpanuuneanimas oosem V (gur. 3.3). Ham xogercs
y3HaTh, CKOJMBKO TeIAA BRITEKAeT U3 BTOro 06'sema. Mul 910 Mo;KeM,
KOHEYHO, OHpefelNTh, paccumraB OOIIUil TemIOBOE IOTOK Yepes
nosepxrocms S.

OGozHagnmM uepe3 da MmAOMANb DJIeMEHTa IOBEPXHOCTH. ITOT
cUMBOJ 3aMeHseT JABYMepHH aAnddepennuman. Ecam, maopumep,
9JIeMEHT OKa;KeTCA B ILIOCKOCTH ZY, TO

da=dzdy.

Tozike Mu GymeM uMeTh feno ¢ HHTerpanamMm mo o00BeMy, U TOr/A
6yner yao6HO paccMATpHBATH D1€eMeHT 00beMa B BHE MaJoro Ky6u-
Ka 1 oGo3Havarb ero dV, nogpasyMeBas, 410

dV =dzxdydz.

Koe-Kt0 numer u d%a BMecTo da, 9T00H HAIOMHHATH CaMoMy cele,
9TO 9TO BHPaKEHHE BTOPOI CTeleHHU; BMecTO dV MEIIYT TakK:ke
@®V. Mu Oymem monb3oBaTtbes 6oiee mpOCTHIME O0003HAUCHUAMIU,

Bomwmymas
HosepXHOCTIY'S' @y 3.3, Bamknymas nogepz-
n poeme S, ozpanunusaan

o6vem V.

Edunuunoiii 6eKmop N — eHeWHAL HOD-
Masb B daeMeHMY nogepxHocmu da, a
h — egexmop mena06020 NOMOKA CKEOIL
4eMEHTN NOEEPXHOCTIU.
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a BH YR Hocrapaiitech He 3a6nBarTh, YT0 y IIOIAfell 6HBAIOT ABa
U3MepeHus, ¥ 00heMOB — TPH.

ITorok remna depes sieMeHT IOBEPXHOCTH da PaBeH IIPOH3Bele-
HUIO IUIONAAM HAa COCTABAMIOIMYIO h, mepmesfuryiIapHyO K da.
Mu y:ke ompefenssmu n -— eIWMHWIHBIN BeKTOD, HaUpaBjieHHHIH
HAPYARY IePIeHJURYIAPHO & moBepxHocTH (eM. dur. 3.3). Hcromas
cocrapagouiag h paema

h,=h.n, (3.9)
H TOTA2 HDOTOR TemwlIa CKBO3b da paBeH
h-nda. . (3.10)

A Bech mOTOK TemIa wepes NPOMZROJIBHYIO HOBEPXHOCTH MOJYU2ETCH
CYMMOPOBAHHMEM BHKJAJ[0B OT BCeX DIIEMEHTOR IoBepxHoctu. WHBIMEI
caopsamu, (3.10) narerpupyercsi 1Mo Bceii MOBePXHOCTH

TonEnit TeIOBOH MOTOK = S h-nda. (3.11)
uepes § HApYRY &

9torT MHTETPa] MH OyjeM HaseHpBarh «morok h uwepes mosepx-
HocTb». MHE paccMarpumsaeM h Kak «UIOTHOCTE IOTOKAY Temna,
4 110BePXHOCTHHI HHTerpad oT h — aro ofmumit HOTOK Temjla HAPYRY
depe3 IIOBEPXHOCTh, T. €. TEIJIOBAsf YHEPIHUA 33 €IWHENY BpeMeHH
(EOYAH B CERYHAY).

Mu1 xormM 3Ty Wpelo 0606IIHTL HA ciaydail, KoIla BeKTOp HE
opefcraBiader ¢o0oil DOTOKA KawkOH-TO BeTHYUHE, a, CKayKeM,
ABRJsieTCA dIeKTpmIeckuM moneM. Honeuno, ecau aro OyJler Hy:KHO,
TO U B 9TOM Clydae BCe PABHO MOKHO NPOMHTETPHPOBATh HOPMAJb-
HYI0 COCTaBIAIOILYI0 SIEKTPUYECKOr0 WOJAf HO IVOMAIH. XOTH
Temeph OHA y:ie He OyJer HNYbMM IOTOKOM, MBI BCe emme GygeM yIoT-
pebasaTs cnoro «morory. Mel 6yjieM roeopurh, 4TO

Ilotox E CKBO3b DOBEPXHOCTL 8= S E.nda. (3.12)
S

CIOBY «IIOTOK» MH DpUAaeM CMBICA «IOBEPXHOCTHOTO MHTETpaga or
HOPMAJAbHON COCTABAAIONEN» HeKOoTOporo sexropa. To ke ompe-
JejeHue OyfeT OPUMEHATHCS U TOTHA, KOTJa HOBEDPXHOCTDH HE3aMK-
HYyTa. .

A BoOzBpamasick K YacTHOMY CJyYal0 IOTOKa Temna, o0paruM
BHEMaHNe Ha T€ CIy4aH, KOTJIa KO4UYECmeo menaad COTPAHACMCA.
IIpencraepre cebe, K HpuMepy, MaTepuat, B KOTOPOM HOCTe HePBO-
HAYaJBHOT0 HNOAOrpeBa He HMPOHUCXOAUT HU JAJbHEINIero MONBOJA,
HY DOIJOmMEeHHsA Temia. 10rma, eelim M3 KaKoU-TO 3aMKHYTOH mHoO-
BePXHOCTH HApY:Ky HOCTyHAaeT TeIJo, COIep:KaHue Temia BO BHYT-
peHHeM o6neme HOMKHO magarb. Tak 4re B YCIOBHAX, KOTAQ
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KOJIHYICCTBO TeIljia COXpaHﬂeTCH, MBI I‘OBOPKM, qTO0
dQ
Sh.nda=—m, (3.13)
-5

rae Q — zanac remna BEYTPHE S. ITorox Tensna u3 S Hapymy papeH
€O BHAKOM MUHYC OBICTPOTe H3MeHeHWS CO BpeMeHeM OOGIero 3a-
maca remta Q BEyTpm S. ITO TOAKOBaHHe BO3MOMKHO OTTOTO, 4TO
peub HieT 0 HOTOKe TelyIa, I OTTOTO, YTO MH HPEIIOJN OHSHIHM, ITO
KOJIHYeCTBO TelIa coXpansercsa. Honeuro, ecan Gu BRYTpH 00BeMa
CO3JJaBANI0CH TEINO0, HeAb3s OBLIo Gs FOBOPHTH O MOJHOM 3aHACe
Temia B HEM.

YraykeM Temeph HA MHTEPECHOE CBOICTBO MOTOKa Mi060TO BeK-
Topa. Mossere mpu 9TOM HpefCTaBiATh cefe BeKTOP IOTOKA Tem.1a,
HO BepHO 910 OyAer W Aisi IPOUBBOJLHOTO BeRTopHoro moias C.
Ilpencraepre cefe BaMRHYTYIO TOBCPXHOCTH S, OKDYKAKUIYIO
o6vem V. PazoGbpeM Temeph 00beM Ha /IBe YaCTH KAKHM-TO «cede-
guem» (Qur. 3.4). Ilonyumnuch Ba oGbeMa W [Be 3aMKHYTHE IO-
pepxHoctn. OGpeM V| OKDy:KeH MOBEPXHOCTBIO §;, COCTABIEHHOI
YacThl0 W3 HPE;RHEH IOBEPXHOCTH S, W YacThi0 B3 «CeTeHHs S .
O6pem V, OKDyEKeH NOBEPXHOCTBIO S,, COCTABICHHOH M3 OcTaTRa
npe;KHeil mopepxHocTH (S,) M 3aMKHYTOIl cegenmeM S,,. 3amamini
BOLPOC: eCAH MH PAcCUMTaeM HOTOK.4epes3 MOBEPXHOCTH S, W mpil-
6apnOM K HeMy IOTOK CKBO3b HOBEPXHOCTEH S,, GyJer am mx cynmiid
paBHa mOTOKY Yepe3 MEePBOHAYANBHY HOBepXHOCTE? OTBET Inacut:
«Ra». Iloroxu uepes uvacts S, 00my0 0ob6euM HOBEpPXHOCTSIM S,
u Sy, B Tounoctu cokpararca. s moroxa sexropa C ma V, MoskiIo
HAIHUCATh :

Ilorok cxBO3D S, ::S Cnda+ S C-n,da, (3.14)
Sa Sab
a aaa moroxa ms V!

Horox cxzose Sy= |Cnda+ | Cnda. (3.15)
Sy Sub -
BaMeTI)Te, 910 BO BTOpOM I/IHTeI‘paJIe MBI 0603Han/I.TIH BHEeHIHIQIO

.

Duz 3.4. O6vem V, saramwuen-
MWL eHYmMpU noeeprHocmu S,
Jeaumcs Ha 0Ose uwacmu «ceue-
Huen» (nosepzrocmbro S ).

Ioayuaemca o6vem Vy, OxpYdscerHbil
nogepxrocmoro S,=8g+Sap, U 06zem
V2, OBDYICEHHUT NOGEPXHOCTLIO &, =2
= Sp+Sab. .




HOpManb K S, OYKBOH n,, ecnu 0Ha OTHOCHTCA K S, u GyKBOi n,,

ecaH OHa OTHOCHTCA K S, (cM. dur. 3.4). fleno, 9ro ny=—n,, u tem
CaMHM :
{Cnda=— § C-n, da. (3.16)
Sab Sab

CrnagmBas Temeph ypapmenusa (3.14) m (3.15), mu yGempmaemcs,
4T0 CyMMa HOTOKOB CKBO3b S; u S, KaK pa3 paBHA CyMMe J[BYX HH-
TEerpasoB, KOTODHe, B3siThie BMeCTe, AT TOTOK dYepe3 mEepBo-
HavaabHyl0 moeepxHocrh S=S,+5,. '

Mer BupmM, 9T0 TOTOK depes BCIO BHENIHIO MOBEPXHOCTH S
MO/KHO PAacCMaTpHBaTh KaK CyMMY HOTOKOB U3 TeX JIBYX 4YacTei,
Ha KOTOpHe paspesaH ofkeM. OTH 9actu MO;KHO eIlle paspesarh:
ckaykeM, V; pasburp momomam. Omsith mpumercsi opuberHyTh K TeéM
e nosogam. Tax uyro jud a06ozo cnocofa pasbrenus HepBOHATANb-
HOTO 06beMa BCeIfja 0CTaeTCs CHPABEIMELIM TO CBOMCTBO, UTO HO-
TOK dYepe3 BHEIIHIOI NOBEPXHOCTH (NEPBOHAYANLHHIN UHTETPa)
PaBeH cyMMe LIOTOKOB M30 BCeX BUYTPeHHHX 4acreil.

§ 3. ITomox us nyba; meopema Iaycca

PaccmorpnM reneps acTHHIA CHAydail IOTOKA W3 MaJeHLKOTO Ky-
6ura * m moayumm mHTepecHy ¢popmyny. PeGpa ryba mycrs Ham-
paBJeHH BROAb ocell KoopamHar (fur. 3.5), KOOPAWHATHL BePOIAHE,
onmxaiimell Kk Havany, cyTh Z, Y, %, pedpo Kyba B HaOpaBIeHAH I
pasuo Az, pe6po xy6a (a Toumee, Gpycra) B HalpapleHUH y PABHO
Ay, a B manparnennu z paruo Az. Mu xormm Haiitn mOTOKR BEKTOD-
noro mosia C gepes nosepxuocrs ky6a. [das a10r0 BRUKCAIM CYyMMY
IOTOKOR uepes Bce mecrh rpaneii. Haunem ¢ rpanm 1 (em. ¢mr. 3.5).
Ilorok napyxcy ckBosp Hee paren z-xommonenre C ¢ Mumycom, mpo-
MHTETPUPOBAHHOH D0 miomagu rpagu. OH paBeH

-——Sdeydz.

Tar rar Ky6 cumraercd Ma.telM, 9TOT HHTEIpajl MOKHO 3aMEHHTH
sHaueAuneM C, B IleHTpe -TpaHU [dTy TOoYKy MH ofosHagmau (1)],
VMHOKeHHBM Ha IIOMaAL rpanu AyAz:
Horox exBosp 1 mapymy=—C (1)AyAz.
ITogo6rEIM ke 00pasoM HmOTOK HApY)Ky dYepe3 I'DaHb 2 paBeH
Hotox cxposp 2 mapymy=C (2)AyAz.

* HomeuHo, mociiefylomue BHEKJIAJKA B PABHOM Mepe OTHOCATCA W K JIio~
GoMy HpPAMOYTONBHOMY LApaIeNenHesy,

83



(z, y+dy, z) / 4

o 5
A -
- e |
C
i
I C /
/ 2
1 x| n
b LR e D A
|
)Q'—'y—'z—)——zx— ———=A (x+f2,y, 2)
6| /2
4z
/ A\
(z, y, z+4z2) \3

@ ue 8.5 Buuucaenue nomora sgexmopa €
us MaseHvroeo Kybukra.

Beawunun C, (1) n C,(2), BooGmie ToBOpA, cierka omrmuaiorcst. Ec-
au Az JocTarodHo Majo, TO MOKAO HANECATh
oc,
C.2y=C, 1)+ o Azx.
CymecTByOT, KOHEUHO, K JPyrH¥e WIeHsl, HO B HEX Bxogur (Azx)?
U BEICHIne creneHu Az, 1 B Ipefelle MAJIKX AZ EMU 3aIPOCTO MOMKHO
mperefpeds. SHAYHT, IOTOK CKBO3b I'DaHb 2 paBeH

Horox ckBo3b 2= [Cx(l)—l-%i—"Ax] AyAz.

Crnagupas DOTOKY YepPe3 TPAHH 112, Moy4aeM
TIoTOK cKBO3B 1 m 2 napymy———%%‘ AzAyAs.

TlpouasofRYI0 HY/KHO BHUNCAATH B IeHTpe rpanuE 1, T. e. B Touke
[z, y+(Ay/2), z+(Az/2)]. Ho ecnin xy6 odenb MaXeHbKH, MH clie-
saeM npeHeOpeIKEMYI0 OMUOKY, e€ClH BHYUCIUM €€ B BepIuHe
(xv yv Z)-

lopropsia Te iKe pACCY:KJIGHUS € KaRIOH TMapoll rpadeii, MH
nonygaeM

ac
HoTok ckBo3h 3 m 4 Hapymy:—ajv AxAyAz.

TloTok cKBO3L 5 U 6 Eapymy;—% AxAyAz.

A o6mpuil TOTOK depe3 Bce I'paHU paBeH CyMMe 3THX wieHOB. Mu
obmapyKUBaeM, YTO
A __[9C,  bC,  ocC,
C-nda = (E{ W +W) AzAyAz.

TIoBePXHOCTH
ryba
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CyMMa npou3BOJHHX B CKOOKaX Kak pas ectb -G, a AzAyAz=AV
(o6meM ry6Ga). Takmm o6pasoM, MH MOKeM yTBep:RAAThb, 4TO 044
Geckoreuro Marozo Kyba

C-nda=(y-C) AV. (3.17)

IToBepxHOCTH

Mst mokazaiu, 9T0 HOTOK HApy:KY € IOBEPXHOCTH (GECKOHEYHO Ma-
J0T0 Kyfa paBeH IIPOM3BEJEHUIO [MBEPreHIMN BeKTOpa Ha 06beM
Kky6a. Temephb MH DOHMMaeM (CMBICI» HOHATHsS JUBEeDPTeHIUHU BeK-
Topa. JimBeprennus BexkTopa B Togke P — vro moror C («mere-
qwerne» C Hapy:RY) Ha eduHuyy o6wema, B3ATOTO B OKPECTHOCTH P,

Mur cBszanm pueeprennuio C ¢ moroxoM C us Gecromedno
Majoro oomeMa. [lnA n06GOT0 KOHEYHOro 06BEMa MOKHO Teleph
KCIOJIb30BaTh AKT, IOKA3aHHKH BHIOIE, ITO CyMMAapHEIi MOTOK U3
oobeMa ecThb CyMMa ITOTOKOB H3 OTHeNBHHX ero uacreil. VHaue
TOBOpA, MH MO/KeM HDPOMHTeTPHPOBATH [UBEPreHIMI0 IO BCeMY
06peMy. IT0 IPHBOJIUT HAC K TeopeMe, COTAAcHO KOTOPOoH uHTer pajt
OT HOPMAJBHOH COCTABIAIIIEH IMPOUBBOJHHOIO BEKTOpPA IO 3aMK-
HYTOH HNOBEPXHOCTHE MOKeT OHITh HPENCTABIEH TAKIKe B BHJIE WH-
Terpasa OT J[HWBEepreHIINH BeKTOpa 1m0 00beMy, 3aKITIOUeHHOMY
BHyTpH mosepxHocru. Teopemy ory HasuBaioT Teopemoii I'aycca.

TEOPEMA TAYCCA

Sc.nda=SV.Cdv, (3.18)
N 14

rie S — mpousBOJbHAS 3aMKHyTasg HOEepPXHOCTH, V — o6beM
BHYTpPH Hee.

§ 4. Tenaonposodnocmnv; ypasnenue ougpgpysuu

" Yrobsl OpHBHKHYTH K TeopeMe, pasbepeM Ha IpuMepe, Kak ee
npumessior. OGparEMcsa OOATH K PacHPOCTPAHEHNIO TEHIa, CKayKeM
B MeTanile. PAacCMOTPEM COBCEM TPOCTOH caydaii: Bce rTenno OpULO
TOJIBEJIEHO K TEy 3apaHee, a TeIeph Tel0 ocrhiBaeT. Mlcrounnxk o Tem-
Jia HeT, Tak 9TO KOJIUYECTBO TemIa coxpaHsercsi. CRONBKO jKe Torja
TEIUIa JOJISKHO OKa3zaThCA BHYTPU HEKO0ETO ONPEJIeNeHHOr0 o0beMa
B KaKoii-ro MoMeHT BpeMenn? OHO JOIIKHO YMEHbUAMbCS KaK pa3
Ha TO KOXMYECTBO, KOTOPOE YXOLUT C DOBepPXHOCTH 00beMa. Ecmm
9T0T 00'bEM — MaNeHbRUN KYyOUK, 10, cuefys dopmyne (3.17), Mok~
HO HAIUCATh )

TloTor Temia HapymRy= S h-nda=vy-hAV. (3.19)
Ry6

Ho aro romxao 6iTh paBHO CROPOCTH NOTEPH TEIIA BHYTPEHHOCTHIO
Ky6a. Ecam ¢ — wommuecrso Temna B emupmie obbemMa, TO BeCh
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samac Temna B KyGe g AV, a ckopocTh nomepb paBHA

d dq
— = @AV)=—= AV. (3.20)
CpaBruras (3.19) ¢ (3.20), Mu BupmMm, 9ro
d
—F=vyh (3.21)

BuumatenbHO BrAsgAuTeCh B (OPMY 3TOr0 ypaBHEHHS; BTa
gopma gacro Becrpedaerca B Gusmre. OHa BEIpaytaer 3aKOH COXpa-
HeHHs, B JaHHOM CJIyJae 3aKOH COXpaHeHus renaa. B ypaswenun
(3.13) Tor ;Re ¢usmueckuit Ppaxr Ob1 BHpakeH mmaade. Tam Grita
unmeepaibHas PopMa ypaBHeHHs COXpaHeHws, a 37leCb y Hac —
duppepenyuasvras Hopma.

Ypaenennme (3.21) M monygmam, mpumenur gopmyny (3.13)
K GecKOHeOUHO MaloMy KyGy. MosiHO moiiTm M mO JpyroMy myTH.
Ias Gonsmoro o6bvema V, orpanudeHHAOro HOBEPXHOCTHIO S, B3a-
ron Taycca yrmepmpmaer, 9ro

Sh.ndazgv.hdv. ' (3.22)
¢ :

Wurerpan B mparoil uacTu MOHO, mcnoansysa (3.21), mpeobpaso-
BaTh KAk pas K BuAy —dQ/dt, m Torga monyuurest popmyna (3.13).

Teneps paccMorpuM Apyroit crygaii. Hpeacrapum, aro B 6moxe
BellleCTEa MMeeTCsI MajeHbKasl JHIPOYKA, a B HeH meT XUMUYecKas
pearnus, reHepupyomas remwto. Moxkuo eme npepcrasuts cebe, uro
K MAJeHbBKOMY CONPOTHBIEHHI0 BHYTPH OJOKa IOJBEJEHHI IPO-
BOJIOYKE, HATPEBAIINYE €ro SIeKTPHICCKIM TOKOM. IIpenmonomm,
9TO TEIL10 CO37IaeTCA NMPAKTHYeCKU B OfHOHE rouke, a W mpepmcras-
aser co00i bHePrWIO, BOSHUKAIOILYI B 3TOH TOUKe 3a CeKYHAY.
B ocranpmoil ke wacTn o0beMa IyCcTh TEMNO COXPaHAETCA H, Kpo-
Me TOrO, IyCrb FeHepalua Teljla HAYaJach TaKk JaBHO, UTO cefiuac
TeMmeparypa y:ke Hurfe Gonbine He maMeHsiercsi. Bompoc cocrour
B cledylomeM: Kak BHIVISIAHT BEKTOP TMOTOKAa TemTa h B pasmmx
Touxax MeTanaa? CKOJBKO TEIIa epeTeKaeT Yepes KaKayo TouKy?

Ms: smaem, 9T0 ecam MM Oyfem HMATerPHPOBATE HOPMAIBHYIO
cocraBasomyo h mo 3aMrayTO# MOBEPXHOCTH, oKDY RAIOUIEH HCTOT-
HAK, TO Beerja moaywmress W. Bee remno, xoropoe remepmpyercs
B TOYEUHOM HCTOYHHKE, HOIYKHO OPOTEdh depe3 MOBEPXHOCTH, nbo
mpefnonaraercs, 49TO HOTOK mocrosgHeH. llepeq mamu tpymgmasn
3a/[a4a OTHCKAHMA TAaKOI'0 BEKTOPHOI'O IIOJfA, KOTOPOE NOCie WH-
TerpUPOBAHUA 10 IPOU3BOJBHO moBepXHOCTH BCera jlapano 6m W.
Ho mm cpaBEHTeNBbHO JIerKo MO/KeM HaiTW 910 mode, BHGpas
IOBEPXHOCTh CHENUAIBHOTO BHUAA. BoszbMeM-cdepy pamuycom R
¢ IIEHTPOM B HCTOYHUKE ¥ NPEIIION0KUM, 9TO OTOK TOIIa Pajiuajien
(pmr. 3.6). Wmryunus mam mofckasmsaer, 410 h pomxen: Gurs
HampasjleH N0 PajgHycy, ecadm OIoK BemIeCTBA BEeMEK K MH He mMpH-
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@ u 2z 3.6. B obracmu 6aus moyeu-
HO020 UCMOYHUKZ NOMOK Menia Ha-
npaesern no paduycy Hapymcy.

Bnox memanaa

OinmKaeMcA CAMMEOM 0JMSKO K eTO rpamullaM; KpoMe TOTO, Bell-
guaa h Bo Bcex Tourax cdeps JOMKHA ORITH OJMHAKOBA. BBl BU-
OUTEe, 9T0 AAA IONYYeHWS OTBeTa K HAIIWM BHEKJIAJZKAM MBIl Bbl-
HY;KIGHE J00aBHTHh H3BECTHOE KXOJIHYECTBO JAOMHCIOB (00BIYHO
9T0 UMEHYIOT «Pu3UIeCKON WHTYHUIUe»).

Korga h paguanbro u cepUIeCKH CmMMETPUYHO, HHTeTrpa.
OT HOPMaJbHOH KOMIOHEHTH h mo miomagn moBepXHOCTH BBIYLC-
JsieTcsl OUeHB MPOCTO, IOTOMY 9TO HOPMAJIbHAS KOMIOHEHTA B TO4-
wocry pasHa h w mocroauna. Ilnomans, no xoropoit maTETpHpYETC,
paBua 4mR%, Torma Mu moayiaem

Sh-nda:hlm]i’z, (3.23)
S

e h — abcomornaa penmuuna h. Jror marerpan goxeH OHTH
pasen W — cropoct:, ¢ KOTOpOHl MCTOYHHK TeHEPUpYeT TeIo.
Ilonygaerca

w
h=Zzmm
nJin
w
h= W e, (321)

rge, Kak Bcerfa, e, ofo3HauaerT e[UHWTHHII BERTOP B pajlHajb-
HOM HampaBleHNH. ITOT Pe3yJbTaT FOBOPHT HAM, I4T0 h mpomopiuo-
named W u Measercss o6paTHo KBafpary PacCTOSHUA OT UCTOYHHKA.

TonXbKO 4TO MONYYEeHHHIH pPe3yJabTaT MPUMEHUM K IOTOKY Te-
mwia BOAU3M TO4EIHOTO HCTOUHHKA Temina. Termepph MOUHTAEMCH
HalTH ypaBHEHHsi, KOTOPHE COPaBeIUBH [JIA TEINIOBOIO IOTOKA
caMoro o0mero Bmfa (IpPHAEP:KUBASACH ETUHCTBEHHOIO YCIOBH:I,
970 KOJMYECTBO Teilsia KOKHO coxpamstbea). Hace Gymer mmrepe-
€OBaTh TOJBKO TO, 9T0 HPOUCXOIUT B MecTax BHE KaKux-nuGo mc-
TOYHHKOB WIHE HOTJIOTHTCNEH Temna.

Jupdepennuanbaoe ypasBHeHEWe pacmpoCcTPAHEHHA Temia OLLIO
mOTydYeHO B i, 2. B coorBercTBum ¢ ypapHeHUeM (2.44),

h=—xyT. (3.25)
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(IToMAuTe, 9T0 9TO COOTHOMEANE NPAGIIKEHHOE, HO IITA HEKOTOPHX
BEIECTB BPOJIE MeTAJJIOB BHep)KuBaeTcs Hem10xo.) IlpuMenmmo
OHO, KOHEYHO, TOABKO B TEX 9YACTAX Teja, Ifle HET HA BHIeJIOHUA,
HU IOTJIOINeHWs Telia. DHIIe MH BHBEIHU Jpyroe COOTHOIIEHNE
{3.21), Kovopoe BHIOJHAETCS TOIYla, KOTHA KOIUYECTBO TEIIIa
coxpamsercs. Ecam Mm 970 ypaBHeHuWe cxkoMGuuupyem ¢ (3.2)),
TO TONYYHAM

d
—Hd =y h=—y (xy]),
mnu

eCjl ¥ — BeJIUYUHa DIOCTOAHHAA. HaHOMI/IHaIO, qro q’ — 39TO

KOJIMIeCTBO Temna B eUHATHOM o0beMe, a y-y=V? — Jamracuas,
T. €. 0meparop

o2 02 9%

2. 4 4 9

v Oz + dy? + 02"

Ecnu MH Temeph cpedaem eme OfHO JomymieHue, Cpasy BO3-
HUKHET OJHO O4eHb HHTEpecHOe ypasHeRue. [lomyctum, 910 TEM-
mepaTypa Marepralta OpONOPIUOHATbHA CONeMRAHNIO TeIia B efld-
Hune ofbeMa, T. €. YT0 ¥y MarTepuala ecrh OUNpefeleHHAs YAEIbHAA
remwnoemMrocTh. Horma sro gonynienue BepHo (a Tak OblBaeTr 4acro),
MBI MOJKEM IHCaTh

Ag=c,AT
Hin
dg dT
T =Co g+ (3.27)

CropocCTh HM3MeHEHUA KOJIUYECTBA TemIa IPONOPIMOHAIBHA CKO-
pocTH H3MeHeHHA. TeMileparypH. Hoag¢umuentr mpomopuuoBadb-
HOCTH €, 3]1eCh — y/leIbHAsA TeII0eMKOCTh Ha efUHUIy 00%eMa MaTe-
puana. ITomcraBasa (3.27) B (3.26), monywaem

daT A

E"——;; veT. (328)
Msr 06HADYRIIHN, UTO 6hicmMpoma UsMeHeHUL CO PeMeHeM TeMIepa-
typH T B RasK/J0il TOYKe HPOIOPUHOHANbHA Jamaacuany ot T, r. e.
BTOPHIM TIPOUBBOJHKEIM OT IPOCTPAHCTBEHHOIO pacHpedeleHUsA TeM-
neparyp. Mu ameeM nuddepernuanbaoe ypaBHeHEe — B IepeMes-
HEIX Z, Y, 2 B t — g TeMOeparypu 7.

Huaddepenmuansuoe ypapEenne (3.28) HasHBaeTCA YpasHenuem
Jugpysuu mensa, ANM Yypashenuem menaonposodnocmu. Yacro
€ro OUIIyT B BHJE
' aT _

=DV, (3.29)

rme D — mocroanuaa. OHa pasHA %/C,.
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YpapaeHue aAnpPysum DOABIAETCS BO MHOTHUX (U3UIECKHX
sagadax: o nudQysmm rasos, AuGPysum HEHTPOHOB H [PYTUX.
Mu ysre o6cymuany QU3NKY HEKOTOPHX TAKUX ABIEHHA B BHI. 4,
1. 43. Temepp mepex BaME HONHOe YDAaERHEHHE, OMUCHBAIOIIEOH
magdysnmio B camoM ob6meM Bnpe. Hemmoro mosmke Mur Baii-
MeMCH pemeHmeM ypaBHenua Auddysuu, uTo6H DOCMOTPETh, Kak
pacupefensieTca TeMIeparypa B HEKOTODHX caydasx. A ceffgac
BEepHEMCA K PACCMOTPEHMIO APYTHX TEOpeM O BEKTOPHHX MHOJAX.

§ 5. Hupryarauyus 6exmopnoz0 noas

Mu xoTHM Temephb paccMOTpeTh POTOP HOAA IPHEMEPHO TaK JKe,
KaKk paccMarpuBanu guBepreHnuio. Mu BeBenm teopemy I'aycca,
BEITUCIASAA UHTErpall IO INIOBEPXHOCTH, XOTA € CaMoro Hagara
OTHIO/Ib He OBUIO FICHO, YTO MH GyNeM HMETh JIel0 C fuBepreanuei.
Or1ryza jKe MOKHO GE110 3HATDH, 9T0 JJIA ee MOJYYeHHS HAJI0 UHTET-
PHPOBATH IO MOBEPXHOCTH? Jror Pe3yJabTaTt BOBCE HE OBLT OUEBUMIEH.
W cronb jke HeOmpaBIaHHO ME Ceffdac BRITHCIUM APYTYI0 XaparTe-
PUCTHKY IIOJSA M HOKAasKeM, YTO OHa CcBA3aHa ¢ poropoM. Ha sror
pas MBl IIOfCYUTAEM TAK HABEIBAeMYIO HUDKYJIAIUI0 BEKTOPHOIO
monsi, Eceam € — mpousBonbHOE BEKTOPHOE IMONE, MBI BO3BMEM
eT0 COCTABAAIONLYI0 BOJAb KPHUBOR NMHME U IPOWHTEIpPUDYeM 3Ty
COCTABISIONYIO [0 3aMKHyTOMY KOHTYDPy. MHTerpam masmBaercs
yupkysayuell BEKTOPHOTO WOAA TO KOHTYPY. MH yie pambme
B 9TOM IiIaBe paccMAaTPHBAIM KDPHUBOJIMHENHRIN MHTErpal OT Y.
Ceiizac MH TO jRe CaMOe IPOJENEIBaeM € NPOU3B0ALHLLM BEKTOPHBIM
mosem C.

Ilyers I' — mpousBonbHRIL 3AMKHYTH A KOATYD B IPOCTPAHCTRE
(BooGpasxaemuiit, pasymeercs). Ilpumep Mu Bupmum ma ¢ur. 3.7.
KpnBonunelnuii mMHETErpas7 0T KacaTeJbHOH# cocraBasiomei C 1o
KOHTYPY 23alHCHBAaeTCA B BHIE

€ ds=¢C.ds. ‘ (3.30)
r T

Koumyp I

@ u 2. 3.7. Qupryasayus eekmopa
C no kpueoii I' ecmv kpueosureii-
nui unmeepaas om Cy (kacamenn-
Hol cocmagasoweii C).
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@ u e 3.8, Huprysayus no ecemy
KOHMYPY ecmb CYMMa YUuPrYsayul
no deysn konmypam: I'y=Iy4-Tgp u
Fy=Tp+Tgp.

SaMerbTe, UT0 HHTETpald Oepercs IO BCEMY 3aMKHYTOMY IIyTH,
a He OT OJHON TOYKE IO APYyroi, Kak aTo Jexanoch pasbme. Hpy-
OUer Ha 3HaKe MHTerpasja IoJKeH HAM HaIOMUHAth 06 3T0M.
Taxkoll mATErpan Ha3kBaercs IUPKYJAANNENR BeKTOPHOI'O HOJH IO
kpusoit I'. Hazranue cBs3ano ¢ rTeM, 9T0 IMepBOHAYANLHO TAK pac-
CUHTHBAIY DUPRYISAHUI0 sKkugrocta. Ho Haspamue 510, KaKk W HO-
TOK, OBUIO pacmpocTpaHeno Ha J00kie IONA, faske TAKHEe, B KOTOPHIX
(IAPKYIUPOBATHY HEUOMY.

3abapasiach ToH ke MTPOil, KAK C DOTOKOM, MBI MOKeM IIOKa-
3aTh, 9TO OUPKYJATMA BIOIb KOHTYpa €CTh CyMMa NHUPKyJIalmil
BJOJIb [BYX MEHbMEX KOHTYpoB. llolmosuM, g9r0, CcoelmHEUB JBe
toukd (1) m (2) mepBOHAYANBHON KPHUBOHE C MOMOINBIO HEKOTOPOIR
AuHAU, MH pa3bmnu KpuByoo Ha ABa xoTypa I'y m I', (dur. 3.8).
Korryp I'; cocromr n3 I'j — dacru mepBoHauaabHOM KPUBOH cieBa
or (1) u (2) m «coemuaenusa» I',,. Horryp I', cocrour us ocrarka
NepBOBaYAAbEOA KPUBOH IANC TO 3Ke COe/IMHeHMHe.

Huepryasinas egons [, ectb cyMmma urTeTpasia BRoasb ', u BHoab
I',,. TouHo Tak ke m MUPKyAARKA BRouab I'y ecrb cymMa ABYX ga-
creil, omnoit Bgoas I'y, apyroit — Bmoas I',,. Marerpax Bgoas I,
Juist kpusoit I', uMeer 3HaK, IPOTEBONOIOMKHEEIL TOMY 3HAKY, KOTO-
priit OB mMmen Anst Kpupoil I'), moTomMy d9TO HampaBieHHA 06Xoja
IPOTHBOLOIOKHH (B 000X KPUBOJIUHENHHKX HHTerpasaX HAIpas-

. JIeHHA HOBOPOTa HY/KHO GpaTh OfHU U Te iKe).

Iosropsist mpeskHMe apryMenTH, MH MOJKeM YOequTbCs, UTO
CyMMa [IBYX TUPKYJAAOUI facT KaKk pa3 KPHUBOJWHEHHHN HHTETpaX
B0b flepBoHavanbHoil kKpusoit I'. Nurerpaas no I',, corpararca.
Hrpkynaous 1o ofHON YacTH OANC NUPKYISANHAA BROJb IPYroit
paBHAETCHA UHPKYAANUNA BJOAD BHENIHEH JAHAA. JTOT OPOILECC pas-
pesanusi GONBIMOTO KOHTYpPa Ha MEHLINEE MOMKHO HPOJOJKATE.
IIpy cnoskermy LEPKYIANUA 0O MEHBMEM KOHTYPaM - CMeKHEE
gacTu OyIyT COKpAIlaThCsi, TAK 9TO CyMMa HX CBefleTCs K ITUPKY-
JANUA BAOADb EIUHCTBEHHOTO TepPBOHAUYANBHOTO KOHTYpA.

Tenmepr upefmonoKuM, 9T0 NEPBOHAYAILHKA KOHTYDP — 970
TPaHANA HEKOTOpOoi. mosepxHoctd. CymecTByer GeCKOHeYHOe MHO-
/KecTBQ IOBepXHOCTell, rpaHmmeii KOTOPHX CAY/KHET BCe TOT e
TmepBOHAYANbHEI 3aMKEYTHA KoaTyp. Hamm pesyabrarth He 3aBu-
caT, OfHAKO, OT BhGOpa »TEX mopepxHocreil. CoepBa MH pa30o0beM
Halll OePBOHAYAJbHHIUA KOHTYP HA MHOMKECTBO MAJHX KOHTYPOB,
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D uea 3.9. Hexomopas nosepz- Kormyp T

HOCMb, 02DAHUMEHHAA  KoOHMY-
pox T.
Ilosepxrocms paszdeaena na muodxce-
CMB0  MQAALHLEUX puacmxos, wadcOwil
npumepro ¢ Popme weadpama. Iup- - @)
ryaayus no I' ecme cymma yupryaa-
Yuill no ecem MaIeHOLEUM KONMYyDAM.

Qo0
ojoJo
Qjcfo

)
)

Je/kamux Ha BeOpamHo# moBepxHocru (Ppur. 3.9). Kakoil 6n H;
Onita GopMa TMOBEPXHOCTH, HO ecliW Majkie KOHTYDH CIelaTh [0-
CTaTOYHO MANIBIMH, BCErja MOMKHO OymeT CUETATh KRB M3 HUX
3aMBIKAIONIUM [OCTATOYHO IVIOCKYH mOBepXHocTh. Hpome Toro,
KayRAKA W3 HEX MOMKHO OCfefarh OYeHDL IIOXOKUM Ha KBajpar.
1 uupryrsanuo Borpyr Goasmoro xortypa I' MOKHO Haiitm, MO
CIUTAR MUPRYIANAY TO BCEM KBaJparhHKaM ¥ CIOKUB UX.

§ 6. ITupryasyus no weadpamy;
meopena Cmorca

Kar mam HaiiTu NupRYJIANEI0 [0 KAEAOMY Keagpartury? Bcee
B3aBHCHT OT TOU'0, KaK KBajpaT OPHSHIUPOBAH B IPOCTPAHCTRE.
Ecau opuenranmusa ero mogo6paHa yHaupo (K mpEMepy, OH pacimo-
JOKeH B OJIHOIl M3 KOODAMHATHHIX IIOCKOCTER), TO pacuer cje-
nath meTKo. Tak Kak HOKa MH He TeJaly HEKAKKEX MPeIIoiOKeH il
06 opuenTanuU Oceii KOOpAWHAT, MH BOpaBe BHOpare HX Tax,
9TOGK TOT KBAj[paTUK, HA KOTOPOM MH COCPEROTOYHIH CBOE BHH-
MaHue, okxasaincsa B miaockocru xy (¢ur. 3.10). Ecam pesyawrar
pacuera Oy/ieT BhIDa)KeH B BEKTODHOM 3aMUCH, TO MOYKHO TOBOPHTH,
910 OH He B3aBHCHUT OT CHENUANBHOH OPUEHTAIIMH IIOCKOCTH.

Y
3
Cy b c
. 4y |4 y /
2
'
C
D ua 8.10. Buyucaenue yupry- - ! :/fL
aayuu eexmopa C no masenvromy (x,9) Cy
Keadpamury. dr
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Mu x0oTAM Teneps HaliTH NMupKynsanmo nots C oo nameMy Kpaf-
paruky. HpuBonumHeliHOe HHETErpEpoOBaHHWe JerK0 HPOJeNaTh, eCIn
KBajipaTHK cielaTh TAKHM MaleHbKuM, uro0u Bextop C ma mpo-
TS)KeHHH OfHOH CTOPOHHL KBajpara MeHaICH OYeHb Mano. (9t10
DpefioO/eHNe BHIIOJHACTCA TeM NyUile, YeM MeHbINe KBaJpaTuK,
TAK UTO H& CaMoM jelle pedb HAerT 0 GeCKOHETHO MAJAHX KBajpa-
tikax.) OTopaBuBmACH OT TOYKHE (T, ) — B JTeBOM HE/KHEM YLy
¢uryps, — Mp 000iileM Bech KBaJApPar B HAUPABIEHAH, YHAZAHHOM
crperkaMn. Bponp mepmoil ¢TOpoOHHE, oTMewenHo#t mudpoit 1, xa-
carelbHasA cocraBiasiomas pasHa C (1), a paccrosHHe paBHO AZ.
Ilepnas gacth mHTErpasa paBHa Cx(l)Ax Brosnb sropoit cropons
noxyunrca  C,(2) Ay Baons tperseit mMm moayumm —C (3) Az,
a BIOIb ‘IeTBepTOH —C,(4) Ay. 3naxm MuEHYC CTOAT HOTOMY, 9TO
HAC HHTEpecyeT KacarerbEAn COCTABIAIONIAS B HANpPaBIeHNH 00-
xona. Bech xpmBonmEHeliHHiT mHTErpas TOrAa paBed

$Cds=C, (1) Az+C, (2) Ay—C, (3) Az—C, (4) Ay. (3.31)

[TocMoTpEM Temeph Ha MepBHU M TpeTHN WieHH. B cymme onum
oaoT .
[C.(1)—C, (3)] Az. (3.32)
Bam moxcer nokasarbes, UTO B NPHEHATOM NpECIM;KeHMHA dra pas-
HOCTHh pasHAa Hymw. Ho 310 TonmbKo B mepsoM mpmbnmwxenuu. Mo

MoskeM OHTH (ollee TOYHHIMA W y9ecThb CKOpocTs usMeHenus C,,
TOrZla MO;KHO HAIMCATL

C.®=C.+Txay. (3.33)

B cunepyomem npubamkenun molinyT wienn ¢ (Ay)?, Ho BBEIY ToTO,
4TO HAC HHTEPecyeT B KOHETHOM CdeTe TOJHKO mpemen npua Ay — 0,
TO STHMH WIeHaMH MossHoO nperebpeusn. [loperasnsa (3.33) B (3.32),
MH HOJydaeM

aC
[CAD—C,. )] Ay=— Ty’fo Ay. (3.34)
Hpousrogayio npm Hame#l TOYHOCTA MOKHO OpaTth B TOUKe (Z, ¥).

Hopo6HnM ke 0GpasoM ocTaBIHECs BA WISHA MOSKBO HAOHCATH
B BHje ’

ac
C,(2)Ay—C, (4)Ay=~a;y Az Ay, (3.35)
d OUPKYJIANUA IO KBajpaTy TOTAA paBHa.
(@_Q_CO Az Ay (3.36)
Oz Ay * '

WutepecHo, 4ro B cKOOKaX moOAyuImiIach KaK pa3 2z-KOMIOHEHTA
poropa C. Muoxmrens Az Ay — s710 nieomanh HaMero KBajpara.
Tax gro mupkynsmmio (3.36) MOMKHO 3amHCATh Kak

(vxC), Aa.
‘HO Z-KOMOOHEeHTa 95T0 HA CaMOM [ejie KOMOOBEHnTa, HOPMAAbHAR

62



Kowmyp "

Dua 3.11. Hupryasyus eek-
mopa C no I' pasna nosepzrocm-
HOMY UHME2ZPALY OM HOPMAALHOL
Komnornenmu sekmopa yX C,

fosepxrocms S

K anemeHTy mopepxmHocTH. [losTOMy nmupKyJIAn@io BOKPYT KBaj-
pargKa MOKHO 3a7aTh ¥ B WHBAPUAHTHON BEKTOpHOM sammen:

§C-ds=(yxC),Aa=(yxC)-nAa. (3.37)

B pesyibrare mMeeM: NUPKYJAANUA NPOU3BOIBHOIO BEKTOPH
C mo GeckOHeYHO MalOMy KBafpaTy PaBHA IPOM3BEfleHMIO COCTAB-
asiomieit poropa €, HOpMaTLHON K HOBEePXHOCTH, HA MIOMANb KBAJ-
para.

Hupkynsanua no mpomsBombHOMY KoHTYPY I Jerko temepsn
Mosrer OBITH YBA3aHA ¢ POTOPOM BekTopHoro nons. Hararem Ha Kon-
ryp n06YI0 DOAXORANIY0 moBepxHOCTH S (kKak Ha ¢ur. 3.11) m
CHAOKUM MERLY cO6O0H IMUPKYAANHU 1O BCeM GECKOHEYHO MAambiM
KBajpaTHKaM.Ha 9ro# nmoBepxuoctu. CyMMa Mo;keT OHTEH 3ammcama
B BHe WHTerpana. B mrore monyumrca oyeHb MONE3HAS TeopeMa,
nasHBaeMas teopeMmoli Crokca [mo umenn ¢mamka Croxcal.

TEOPEMA CTOKCA

e ds={(yxC),da, (3.38)
T S

e S — mpomsBONbHAA HOBEPXHOCTH, OTpaHWdeHHAsA Koatypom I'.

Teneps MBI HOMKHE BRecTH cornamenue o snaxax. Ha nparenen-
moli panee gur. 3.10 och z noKasLIBAET Ha BAC, €CTU CUCTEMA KOOPIHA-~
HaT «OORITHAsMY, T. e. «npaBasy. Horma B KpuBOJIWHEHHOM HHTerpase
MBI Gpaly «IOJOMKATENbHOe» HanpaBieHne 00X0/a, TO MUPKYIANNSA
HONyIHIach paBHOM z-KoMmoHeHTe BeKTopa V X €. OGoiinn M KoH-
TYP B APYTYIO CTOPOHY, MBI 6bl HOJYIANIN HPOTHBOIONIOKHHIN 3HAK.
Kax BooOme ysHaBaTh, KaKOe HampaBlIeHUe _Hajo BHOWpPATh A
MO OKATEIbHOTO HAIDABIEHUA (HOPMAIBHON)» KOMIOHEHTH BeK-
topa VXC? dlonoxurensnyo» HopMans HALO BCeria CBABHBATL
¢ HampaBIeHZEEeM TakK, Kak 970 chenano Omio mHa ¢ur. 3.10. O6-
muii crydail moxasam Ha ¢ur. 3.11.
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Ins samoMmEAHWMA TONHTCA (IPABWIO mpaBoil pykmy. Ecim
BHl DACIONIOKMTE MAJBIE Bamell npasoil pyku Bpoib komrypa I,
9TO0K KOHIMKE HAABIeB MOKA3bBANA NONOKATENbHOC HALPABIGHHEE |
o6xofa ds, To Bamr GONbIION Nakdell YKa)KeT HAIPABICGHUE NOLONHCU-
meAbHOl BOPMATH K IOBEPXHOCTH S.

§ 7. IToan Ge3 pomopos u noas 6e3 dusepzenyuii

Tenepr nepeiieM K HeKOTODHM CIeqCTBAAM M3 HaIIBX HOBHIX
teopeM. BosbMmeM cmepBa ciaydail BeKTOpa, y KOTOPOro poTop (MIm
BUXDB) nosctody paseB Hymio. Torma, cormaceo reopeme Crokca,
HUPKYJIANAA 10 TI060My KORTYpy — Hyab. Ecny ME Teneps Bosb-
meM gBe touxy (1) u (2) ma samrmyTOH KpuBO# (Pur. 3.12), To Kpu-
BoTuHeWHHI MHTeTpal O1 KacarelbHOH cocrasaaoomeii or (1) mo
(2) He moNsKeH 3aBUCETH OT TOTO, KAKOI M3 BYX BOSMOMKHBIX myTeil
MH BeiGpasu. Momuo saxmoodnts, yro maTerpan ot (1) mo (2) momer
3aBHCETh TOJBKO OT PACHOJOKEHHMSA DTHX TOYeK, T. €. UTO OH €CTh
(YHEOMA TOIBKO OT KOOpAUHAT ToYeK. Toil jke JOTHKOM MH HOIBL30-
Banuch B BHIL 1, ra. 14, Korma joKaseipald, 4TO eClN¥ HHTErpall
OT HEKOTOpPOil BeIWYXHH IO HPOU3BOILHOMY BAMKHYTOMY KOHTYDY
BCeT[a paBeH HYNIIO, TO STOT MHTErpal MOMKeT OHITH IPEACTABIEH
B BUfe PasHOCTH PyHKOHH OT KOOPAMHAT ABYX KOHI[OB. JTO MO3BO~
amno HaM m3obpecTu MoHATHE HoTeHnuakia. M fokasany gaiee, 970
REeKTOPHOE Nofie ABJIAEeTCS FPATNEeHTOM 3TOH MOTeHNNANbHOU QyHK-
nun {cM. Bum. 1, ypasrerue (14.13)]. .

Orciona cnemyer, 910 n0000e BERTOPHOE MOE, Y KOTOPOro POTOP
paBeH HYJ0, MOjKeT OHTH HpPeJICTABIEHO B BUje IPajmeHTa HEKO-
TOpOll cramApHO# Oymknuu, T. €. ecaum AXC=0 Bpciogy, TO
cymecTByer HeKoropasg ¢yHKmua P (ucm), ana roropoii C=y¢
(nonesHoe mpejcTapieEne). SHATAT, MBI MOKEM, €CIIH 32X OTHM, OIIH-
CHIBATL OTOT POJ, BEKTOPHHX IoJeHd IpH NOMOINM CRAIAPHHX
noJeil.

Teneps moraskeMm eme opry dopmyny. llyers y BHac ects npo-
usgoavhoe ckalfpaoe noie @ (¢u). Ecam B3ATH ero rpagment ye,
TO HHTETPAN OT BTOT0 BEKTOpa mo T6OMY 3aMKHYTOMY KOHTYPY
JiomkeH GHITH paBeH HyNo. HpmpoaumpelHHN WHTErpad OT TOTKH
(1) mo rourn (2) pasen [@(2)—q@(1)]. Ecau roaru (1) u (2) copnapaior,
ro Hama TeopeMa 1 [ypasHenme (3.8)] coofmaer Ham, 970 KpPHBO-

12)

@ u e 3.12. Ecau VX C pasro nyanw,
mo YUPKYAAYUs no SAMKHYMOU kpu-
eoti I' mosxe nyav.

Kpusoaunetinslli unmezpat om C-ds na
~ yuacmre om (1) do (2) edosb a doadcen
(1) . ? c 6umb pasen unmezpasty 60046 b



QDue. 3.13. ITpu nepexode x npedery
SAMEHYMOL NOSePTHOCMIU NOGEPLILO-
emuud unmezpasr om (yXC), doa-
acen obpamumucs ¢ HYAb.

vx €

Nosepxnocms S

INHeHHHH WHTerpajl paBeH HyIo:

vy-ds =0.

Houryp

Ipumensa teopemy CrOKCa, MOMKHO BaKIOYHTH, UTO
{vx(ve)da=0

no «awboil nosepxuoctu. Ho pas mHTerpa: no .41060i nOBePXHOCTH
paBeH HYII0, TO HONLATerPATFHOe BH pajkeHne 00;13aH0 OHTH PABHO
Hya0. 3Ha4AT,

v X(y9) =0 Bcerpa.

Tor ke peaynprar OHII LOKa3aH B I'A. 2, § 7 IPH MOMOIIMA BeKTOPHOI
aareOpH.

Paccmorpum rtemephr wacTEEIH cayuail, Korga Ha MaseHbKUL
koHTYp I' mararmmaercs Goavwas mnoBepxHocth S (dur. 3.13).
Mu xoTHM mOCMOTpETH, YTO CAYYHUTCHA, KOTHA KOHTYP CTAHETCA B
toury. Torpga rpanmma nORepXHOCTH HCIE3HET, a caMa NOBePXHOCTH
mpeBpaTuTCA B 3aMKHYTY©. Ecim Bektop C momciopy xKoHedeH, TO
KPUBOAUHEHHK nHTerpad mo.I' goisxen crpeMATHCA K HYIIO IO Mepe
CTATMBAHEA KOHTYpAa (MHTErpal B 06meM-TO NpOnOpIHOHaJIeH JIIINHS
ronrypa I', a oua yGuiaer). Cormracno reopeMe Croxca, HOBEpXHOCT-
auil maTerpan or (yXC), tome goinxen yGuBath o Hyas. Korma
IOBEPXHOCTh 3AMHIKAETCHA, TO IIPH ITOM KAaKUM-TO o6pasoM B HH-
TerpajJ NPHBHOCUTCA BKJIAN, KOTOPHHE B3aUMHO YHHYTOKAETCH
¢ HaromiaeHHHM panee. Ilomydaercs HoBas Teopema:

{ (vx©€),da=0. (3.39)

JIwbana
BaMKHYTaA
NOBEPXHOCTD

.~

dTo HAC AOMKHO 3aMHTEPECOBATH, IOTOMY HUTO y HAC yKe ecTh
OJHA TeopeMa O MOBeDPXHOCTHOM WHTerpajie BexTopHOTO mond. Ta-
KO HOBEPXHOCTHHI WMHTErpajJ pPaBeH OOBEMHOMY HMHTErpaldy oOf
AUWBEPreHNWE BEKTOpa, KAK 9TO cjeayeT W3 TeopeMH laycca
[ypaBrerne (3.18)]. Teopema I'aycca B mpumenennm x y X C yrsep-
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JRIaerT, 9T0

{ (vx0),da= (v (yxc)av. (3.40)
3aMKHYTafA 006BeM
NOBEPXHOCTH BHYTpPH

Msu zaxiiogaeM, 9To UHTerpak B NPaBOH wacTH FOJKeH 00pamarh-
cA B HyIb

{ v(yxC)dv=0 (3.41)

IIpou3BoiL-

HBIE 00BEM
¥ 9TO 9T0 AOJHKHO OHTH COPABEIIUBO A JI000T0 BEKTOPHOTO IMO-
s C, xakum 66 omo mu Gmmo. Pas ypasmemme (3.41) BmmoaHeHO
A nPoU3eoALHOE0 006eMd, TO 8 Kaxcd0l moyke IPOCTPAHCTBA MOIBIH-
TerpajdbHOe BEIPA;KeHHe NOMKHO OHTH pasHo Hyxbo. Iloaywaercs,
910

v (yxCy=0 =scerga.

Tor e pesynbrar 6w BHBeleH ¢ IOMON(BI0 BeKTOPHOI anrelpH
B ra. 2, § 7. Temepsh ME HaYHHAaeM HOHHMATH, KAK BCe S7lech IpHJA-
SKeHO OfIHO K JpYyTOMY.

§ 8. Hmoeu

IlopsiToxuM Temeps Bce, 9TO ME Y3HANHW 0 BEKTOPHOM HCYMCIe-
Huu. Bor caMeie cymecTBeHHEE MOMEHTH Iy, 2 u 3.

1. Oneparopst d/0x, 8/0y m 0/0z MOKHO paccMaTPUBATH Kak
TPH COCTABIAII(MX BEKTOPHOTO omepaTopa y; GopMyasr, cie-
AyIOMHe #3 BEKTOPHOH amrefphi, 0CTAOTCA IPABHABHEIMU, €CIH
BTOT ONEPATOP CYUTATH BEKTOPOM

—(2 02 3
V=\3"3" 3"

2. PasuocTh 3HavYeHU CKANAPHOTO HOJNS B ABYX TOYKAX paBHA
KpUBOMAHEHHOMY HHETerPaly OT KAacATelbHOH COCTABIAIOMER Tpa-
JUeHTA HTOTO CKAaJXsApa BAOAL dio0oil KpmBOil, coegmEAOmeil mep-
BYI0 TOYKY CO BTOPOH:

(2)
p2)—p()={ vvds. (3.42)
(1)
Jlio6an
~ KpuBaf

3. TloBepXHOCTHHI HHTETPAl OF HOPMAJLHOH COCTABJSIOMIEH
IPOUBROABHOTO BEKTOPA IO 3aMKHYTOH IOBePXHOCTH PaBEeH MHTEr-
pa’zy or AWBepreHIHE BeKTOpa mo 00beMy, JeKamMeMy BHYTDH
3TOM MOBEPXHOCTH:

{ €nda= { y-Cav, (3.43)
3aMHHYTaA O61Bem
IOBePXHOCTh BHYTDE
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4. Kpusoaumueiinuii mATerpam oT KacaTelbHOH COCTABAMIOMEH
gpOU3BONBEOTO BEKTOpPA IO 3aMKHYTOMY KOHTYpPY paBeH IOREpX-
HOCTHEOMY HHTETPaly OT HOPMaJIbHOH cOCTABIAWINEH pPOTOpPa BTOTO
BeKTOpa M0 IPOMBBOJNBHON MOBePXHOCTH, OTPAHMYEHHON aTUM KOH-
Ty pOM -

{ Cds= { (vx0) nda. (3.44)

I'pannna IToBepXHOCTB

Or pegaktopa. Haunmnas usygars ypaemenus Maxcsennia, o0patuTe BHI-
MaHHe, UTO B 3THX JeKHUAX HCIOJNb3YETCA paquoHANH3UPOBAHHAA CHCTEMA
e[MHEL, B KOTOpoil ypaBHennmsa Makcse/ia He cofiepskar KosdmoueHTOB.

Bonee mpmBEYHO BMeCTO €, THcaTh €y/4M; Torjaa kosddumuent 4m mcue-
3aeT M3 3HaMeHaTens 3axoHa Hyldona (4.9), Ao moABiIfeTcA B UPABHX YacTAX
ypasrermit (4.1) B (4.3). [Yaydmenne cuCTeMBI eOUHNI, BCeTJa NOXOMe HA
Tpumkna xadras.]

Kpome Toro, BMeCcTo KBajpaTa CKOPCCTE CBeTa BBOJAT HOBYIO [OCTOSH-
HYI0 Wo=gp/c?, HABHBAIOT ee (JOBONHHO HEYJAUHO) MATHUTHOI IPOHHIIAEMOC-
THI0 TYCTOTH (TaK jKe, KaK €&, HASHBAIOT ANDJIEKTPHNYECKOH NPOHKIAEMOCTHIO
oycToTH) u obosmauaior ggE=D, B=p H

Byabre ocropo:xem! IIpoBepsiiTe cucTeMy, ejuHHI], KOTJ@ OTKPLIBAETE
HOBYI0 KHUTY, 00 sieKTpuyecTse!
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raasa 4

JJEKTPOCTATHKA

§ 1. Cmamura

Haurem teneps noppoOHoe m3y4eHHE TeOpHH
snexrTpoMarmeruama. OHa BCs (BECH BIEKTPOMAT-
HeTH3M LeJdKoM) 3ampsATaHa B ypasHenusr Mak-
coenna:

=P
V~E~80, (4.1)
B
VX E=—r, (4.2)
ok j
Py xB=7% +§0, (4.3)
v-B=0. (4.4)

fIBnennsi, onuchHBaeMbie dTHMH yPABHEHHAMH,
Moryt OHTH OYeHb CIOMKHMMH. Ho mpemme uem
-nepefita k 6oee CIOKHKM, MH HAYHEM CO CPABHH-
TeJbHO IPOCTHX W CHAYAJa HAYIHMCH o0paniaThes
c EnMu. CaMBIM JeTKHM /Il H3yYeHHA ABAACTCH
clIyqall, KOTOpHH HABHBAIOT CMAMUYECKUM. ITO
caydall, Korga OT BpeMeHW HHYer0 HE B3ABHCHT,
KOrja Bce 3apaAnbl Aub0 HaMepPTRO 3aKpelvieHsl Ha
CBOMX MecTaX, nub0 ecnm y:K IBMAKYTCA, TO HUX
TOK IOCTOsiHEH (T. €. p ¥ j NOCTOSHHK BO BPEMeHH).
B srux ycmoBuax B ypasmemmax Makcpemnta Bce
QWIeHs!, ABJIAONHECH IPOM3BONHKEIME N0 BPEMeHH,
o6pamanIcs B HyNb,  ypaBHeHusA npHOGpeTaioT
clexyiomuid Bua:

§1.CraTnra
§2.3akon Hynona;
HAJI0KeHAe CUT

§3.dnerrpnyvecninit
HOTEHI AN

§5.1loror nrona E

§6.3axon Taycea;
JMBEPTeHIL
noas E

§7.IHoae sapsurenier g
mapa

§8.Jhismum nona:
DRBMILOTEH M-
Hble MOBEPXUOCTH

I oomopripib:va. 1l
u 14 (o, 1)
«Padora
1 NOTCHINAILIAA
DHEPLIT»

o o2 107
02 —
Jaexkmpocmamura . 4m
V'E:g" . (4.5) 4“80%9-109
VXE= O0 (4.8) [eo] = %y 201 [1e10mon - m?
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M aenumocmamura )

c2

v-B=0. S (4.8)

Ofparure BHAMaHHe HA MHTEPECHOE CBOHCTBO BTOH CHCTEMEI
yeTHPeX ypasHeHnil. OHa pacmagach HA Be YaCTH. JIEKTPHYECKOE
noie E noaBasercss TonbKo B mepBoil mape ypaBHeHHWi, a MarHHT-
Hoe noie B — roabko Bo Bropoii. Me;kny cooit 9Tr Ba HOAS COBCEM
He CBA3AHM. JTO O3HATAET, UTO K04b CKOPO 3apAdbl U MOKU NOCMOAH-
Hbl, O 3AEKMPUYECE0 U MIeHemUSM — Agaerus pashbe. Henbss
o0HApPY/KHUTh HHUKaKoll zasucmMocTH 1oteii E u B ADPyT OT ApYTa,
mOK& He BOBHHKAIT M3MeHEHHA B 3apANaX MIHA TOKaX, CKameM,
NOKa KOHJEHCATOpP He HAYHET 3apA/KaThCA MM MAaTHUT IBHTATHCA.
Toxpko KOTHa BOSHUKAIOT CPABHUTENBHO GHICTPHE M3MeHCHHsI, TaK
9T0 BpeMeHHEIe HPOU3BOJHbIE B yPaBHeHUAX MaKCBeslIa JOCTUr AT
saMeTHo#l Beamuymmsi, E mw B maYmEai0T BAMATL HADPYr HA ApYTa.

Ecaum BH BeMoTpuTeCch B YpaBHEHHA CTATHKH, TO ofHApPY:KHUTE,
9TO JJd H3Y9eHnsA MaTeMATHICeCKUX CBOUCTB BeKTODHHX MOJel 5Tu
JBa mpejMeTa — DIeKTPOCTATHKA W MarHUTOCTATHKA — SBIAKTCA
HMIeATBHEM 00eKTOM. JIeKTPOCTATAKA — BTO YHCTHIL IIPUMEp BeK-
TOPHOTO IOJA C HYAe6ulM pPOomopom u 3adanholl dusepeenyuetl, a
MaTHHTOCTATHKA — YWCcTelmuii mpuMep IOJA ¢ HY.4e80l Jdusepzen-
yuell M 3adannbin pomopom. Bonee obmenpuuaATH (1, 0KTH MOKeT,
¢ 9beil-To ToUKm 3pemms Oonee yAOBIeTBODPHTENbHHI) IYTh H3J0-
JKeHHUSA TeOPHH 3JeKTpoMAaTHeTH3Ma COCTOMT B TOM, 4TOOH HadaTh
¢ DIEKTPOCTATHKA M BHYIHWTH TeM CAMEIM BCe HPO  [UBEPTEHITIO.
MaraurocTatuky m poTOpP OCTaBASIOT HA MOTOM. VI nuMmMb B KOH-
e o6BeNUHAIOT K BJEKTPHIECTBO, W MarHeTwsM. MEI e ¢ Bamn
HA4YaJdW ¢ MONHOI Teopuu BeKTopHOro mcdmciaenus. [Ipmvenum Te-
mephb ee K YACTHOMY CJIy4alo diueKTpocTaTuku, K nonio E, samarae-
MOMY OEpBOH mapod ypasHeHnmil.

HaumeM ¢ caMHX OpOCTHX 3ajiad, B KOTOPHX IOJOMKEHHS BCEX
sapsanos gurcupopaut. Ecian 6 HaM my»KHO OHJIO H3YyYHTH BIEKT-
POCTATHKY TOJNBKO HA 9TOM YPOBHE (& 9TuM MH u 6y/ieM 3BaHUMAaThCA
B OAmKAMINAX IBYX IlIaBax), TO }KU3HL Hama Opwra OH 09€Hb IPOCTA.
Bee 6numo O moYTH TPEBHAIBHEM U HAM HoHAaZ0OmICH O, KaK BH
B 9TOM celigac yOemuTech, TOAbKO 3akoH HynoHa jga HECKOIBKO
urTerpuposanuii. O/HAKO BO MHOTMX pealbHHX dJIeKTpPOcTaTHde-
CKHEX 3ajadax Mb BHAauale He sHaem, The Haxopared sapansl. Mo
3HAEM TOJBKO, YTO OHU B 33BACHMOCTH OT CBOHCTB BelecTBa pacipe-
Aeamauch Kak-to @ rae-ro. Ilomomkenne, KOTopoe HPUMYT 3apAJH,
sapucut or moiA E, a om0 B CROIO 0Yepeb 3aBUCHT OT PACIOJOMe-
noa 3apamos. Y torad sce cpasy ycaommuseres. Ecnun, Ranpumep,
3aPAIKEHHOE TEI0 IMOJHeCeHO K MPOBOJHUKY WIH K H30JIATOPY, TO
HJIeKTPOHE M IPOTOHH B HPOBOTHUKe WK H30JIATOpPe HAYHYT Iepe-
TeKaTh HA HOBoe Mecro. OfHA YACTh WIOTHOCTH 3apAfa O B ypas-
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geHun (4.5) Gyger HaM H3BeCTHA — BTO TOT 3aPAJ, KOTOPHE MH
MOAHOCHM; HO B 0 BOHAYT X APYTHe YACTH OT TeX 3aPAJ0B, KOTOPHe
nepetexaoT. Mu-00a3aHs 6yeM y9ecTs ABHKeHUE BCeX 3apANOB.
BoBHEKHYT AOBONLHO TOHKHE W WHTepecHHe 3ajavd.
. OnHaxko HacToAmAs TIaBa, XOTh OHA M IOCBAHIEHA BIEKTPO-
craThke, He OygeT KacaTbCs CAMHX KPACHBHX W TOHKHX BOIPOCOB
5T0ii HaykH. B me#l 6yAyrT paccMOTpeHH JIHIIb TAKHe CHTYAalHAH,
B KOTOPHIX MOKHO IPeAIOIOMKUTH, 9TO PACHOJIO0KeHHe BCeX 3apAg0B
m3BecTHo. Ho 1 B 9TOM ciygae, mpesKfe yeM HAYIATHCA CIIPABIAATHCA
€0 CIOMKHHMH CIYYaAMU, eCTECTBeHHO CHAYaJ a OCBOMTHCH ¢ IIPO-
CTHIMH.

§ 2. Baron Ryaona; naaoicenue cua

Jloruuno 6wimo G HPUHATH 33 OTHPABHYIO TOUKY YPaBHEHHA
(4.5) n (4.6). Ho nerue mauath ¢ gpyroro, a HOTOM BEPHYTHCA K 3TUM
ypaBueEmsiM. Pesyabrar nonyumres opmEaroshil. Mm naumem
¢ 3aKOHA, O KOTOPOM rOBOPWJIOCH paHbIIe,— ¢ 3aKoHa Hymoma,
YTBeP;HIAOMIET0, YTO MeKAY ABYMS HOKOAMUMECH 3apApaMu feii-
CTBYyeT ¢mla, OPAMO IPOIOPIMOHANLHAS HIPOUBBEJEGHUI0 3aPANOB
7 o0paTHO IPONOPIHOHAJIbHAA KBAAPATy PACCTOAHHL MerAy
guMu. Cmila HanpaBileHa IO UPAMOH OT OJHOTO 3apAAa K APYIOMY.

3aron Kyrona

F 1 q49,

17 Jne, 2
0 r12

[S)

ey = —Fy; (4.9)

aneck F, — cmna, peficTBylomas Ha 3apAf ¢;; €, — eJAHAIHHIH
BEKTOD, HAIIPABIEHHLIA 0m g3 K ¢;, & I'j,— PACCTOAHHE MEKAY ¢, U
2. Cna Fo, Aeficteyiomasn Ha ¢,, pABHA 1 IPOTHBOMOI0}KHA CHue F,.

MuosgkuTens npomOPMAOHANLHOCTH N0 HCTOPHYECKHM IPUYH-
HaM mumetca B Bupe 1/4me,. B cucreme emmmmn CH, xotopoii
MH HoIb3yeMcd, oH ompedenserca Kax 1077 or kKeagpara cKopocTn
ceera. Tar Kak cKopocrh ceeTa wpuMeprO J3-10% m/cer, To MBO«KR-
Teab NpubanaureabHo paseH 9-10°, u egumEuma OKasHBaeTCA pPas-
HOHL Holomok - M¥/Kyaon?, Wim eosbm - M/Kyaon

1
47te

=10""¢c? (mo ompegeneHu),

=9,0-10° (m3 ommra). (4.10)

Ecam sapapmes Goasme gsyX (4 HMeHHO TaKme CAyYay HAau-
Gonee wmETepecHH), TO 3aKOH HymoHA HYMKHO JOHONHATbL JPYyTHEM
CYBICCTBYHONUM B Upupone PaKTOM: CHia, JelCTRYIOMAA HA 3aDAN,
eCTh BEKTOpHAA CyMMa KYJOHOBCKUX CHJ, HEHCTBYOHHUX CO CTO-
POHH BCeX IPOYMX 36PAROB. JTOT SKCHEPUMOHTANbHHMA (PaKT Ha-
SHBACTCA (HPUEOHUIOM HAXQMKEHUA», WIH (IPHHIHENOM CYIePIo3n-
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Bexmunna Epunnna

F HLIOMON
. Q KYA0N

L memp (ar)

w drcoy v

o~Q/L3 KYA0H ] M3
1/e~FL2/Q? HHIOMON M2 [ 1y a0
I~ FQ HBIOMON [ KYAO0H
¢ ~WaQ DHCOYNT[KY AOH » 604610
E~ /L 60bIR/ M

i/e, ~ EL%2/Q  6oavm-M/5yaon

numwy. JT0 W ecTh BCe, ITO WMeercsa B dieKTpocrarmke. Ecam moba-
BUTh K BaKoHy Hymoma mpmunmn Hanosenus, 10 Goablle HHIETO
B Heil me octamercs, ToYHO K TakmM ke BHIBOJAM, HH Goxpie,
HE MeHbllle, IPUBEAYT yPABHEHHSA 3I€KTPOCTATHRY, ypasHenus (4.5)
n (4.6).

IIpumenss saxon Hymona, yoo0HO BBecTH HOHATHE 06 3IEKTPH~
deckoM moie. Mu rosopmm, uro mone E(1) — aTo cmiua, peiictryio-
mas co CTOPOHH HPOYMX BAPANOB Ha edunuyy 3ap:16a q,. Heasn
(4.9) ma ¢,, M monydaeMm JuA JeiicTBHA BceX 3apAfoB, KpoMe ¢y,

E()=—22¢,. (4.11)

/ms r2,

Kpoume roro, Mm cumraeM, aro E(1) onmcriBaer HedTO, CYIMeCTBYIO-
mee B Touke (1), AasKe ecan B Heil HeT 3apsixa ¢; (B DpedIoOKeHHH,
9T0 BCe HpOYHWe 3apALS! COXPAHMIW CBOM Ho3Wnun). Mer rosopum:
E(1) — ar0 snerTpmueckoe moae B mouke (1).

dnexrpuueckoe fnoixe E — 310 Bextop, Tak 410 B (4.11) Ha ca-
MOM [ejIe HAOHCAHH TPH YPABHEHUA, II0 OSHOMY AJIS KayKIOM KOM-
moneHTH. PacnmchiBag I-KOMOOHEHTY B SBHOM BHUie, HoJydaeM

Ty—%y
E (xl, Y ZI) 4“8‘ Hz1—20)2 + (y1— )2 + (2, — 2 )2]3'12’ <412)

M TOUHO TaK JKe JJIA OCTANPHHX KOMIOHEHT.

Ecau sapamos muoro, To moxe E B mwboit Touke (1) paBrO
CyMMe BKJIaloB OT BceX 3apAmoB. Kaswauid unenm B cymme Oyner
BHTAA#eTh Kak (4.11) mmm (4.12). Ilycrs ¢;—Benmumma j-ro
sapsja, a Irj;— cMemeHue ¢, oT Touxu (1); Torga Mu HamuIIeM

E(i)_zm ey, (4.13)

i=1 1j
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mn; (X,%, 2

Que 41. B moure (1) saex-
mpuueckoe nose E om nexomopo-
20 pacnpedesernus sapsdoe noay-
yaemes U3 uKmMespara no pac-
npedereruio.

Touxa (1) moscem naxodumo.n Mardce
enympu pacnpefeaenus.

(2)y(x2 Yz Zz)

Y10 o3iadaeT, KOHETHO,

1 gj(2,—x))
E, (z, 91, zl):’s‘ AL ( 14)

o A (2 —a )2+ (g —y )P+ (51— 2%

nT. 1. :

Yacto OmiBaer ymoOHO HTHOPHPOBATH TOT PaxT, 4TO Iapsiisl
BCETA CYMECTBYIOT B BUJE OTHAENbHHX KYCOTKOB, TAKHX, KAK DICKT-
POHHE WJIH HPOTOHBI, & CYMTATH, YTO OHHA PABMA3ZAHEl CILUIOMIHEIM
OATHOM, MM, KaK TOBOPAT, ONHMCHBAIOTCI «pacmpeneaenuem». o
TeX TIOP IOKa HaM BCe pPaBHO, aTtd OPOUCXOOUT B MAJIBIX MacuiTa-
6ax, Takoe ommcaHWe BIOJHEe 3aKOHHO. Pacmpepmenenue 3apsapa
ONVCHBAETCA IIOTHOCTHIO 3apAna» p (z, ¥y, 2). Ecam xonmiectso
3apaga B HeGonsmoMm obbeme AV, Gnma toukm (2) ects Agaz, 10 P
ompeaeasercsi PaBeHCTBOM

Ag, = p (2) AV,. (4.15)

ITonsaysack Temepsr 3axkomoM Hynoma npm HenmpepsBHEOM pac-
OpefleJIeHUH 3apaia, MH 3aMeHseM B ypaBHeHusaX (4.13) wianm (4.14)
CYMMH HMHTETPAJIaMH N0 BCeMy o00beMy, Cojep:KameMy 3apsfis.
Ilosyyaerca

2 dav
E()~g | 220 (4.16)
Bee mpocr- 12
PaHCTBO

HeKOTOpre OapeAnoduTaT IOUACaTh
Nl

rie r;,—BeKTop cmemermsa om (2) k (1) (pur. 4.1). Unrerpan
aia E torga saommercs B BHfe

— P@2)ry, dv
E(1)= [mo S B (4.17)
Bece npocT- 12
DaHcTRO

Ecnu M X0TuUM JeHCTBHTeNbHO HPOBECTH WHTErPHEPOBAHME [0
KOHI|a, To 00HYHO DPHXOAUTCH HHTErPaJIBL pacnncmna'rb noypo6-
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mee. J{ns r-xoMnoHeHTH ypaBHenu# (4.16) wiaw (4.17) nonyqaercs

— f (#1—=25) (23, s, 23) d2q dy, dzy (4.18)
bty () —23)? + (1 —ya)? + (31— 2,)2]
Bce npoct-
PaH"eTsO

E, (x4, Y1, 21)

~ Mu He cofumpaeMcsi BRUHCAATH YTo-1EGO Do 3TOH PopMyre.
Hanucanu MH ee 37ech TOABKO IJIfi TOT0, 9TOOH MOfYepKHYTH, 9TO
MH IIOJHOCTBIO PEIIUIN Te SIAEeKTPOCTATHICCKHAe 3a/aud, B KOTOPHX
H3BECTHO DACHOJOMKeHHE BCeX 3apsfIOB.
Hano: 3apaps.
Onpedesums: lons.
Pewenue: BoseMu 3TOT mHTETpAa.

Tax 9T0 mo cyuiecTBY Bee CHenaHO0; 0CTAeTCA TOABKO IMPONENIATh
CIOJKHHE WHTeIPHPOBAHHA IO TPeM HepeMeHHHM. JTa paloTa B ca-
MuIil pas AasS cgeTHON MammHs!

Honbsysick aTEME MHTETpajaM#, MH MOKeM HAWTH moxe 3a-

PAeHHOU HJIOCKOCTH, 3aPsyKeHHOM JIWHWM, 3apAyKeHHOU cephl u
106010 BHOpaEHOro pacmpepenenus. XoTs MH celiiac HATHEM dep-
THTh CHJIOBHE JMHUH, TOBOPUTH O IOTEHIMANAX ¥ BHIACIAATL AH-
BePTeHIUY, BAKHO HOHAMATH, UTO OTBET HA BCe peIHaeMEle 3aJauu
B OpuHNEDE yike rotos. IIpocto mopoil 6xBaer jerde B3ATh MHTEr-
pan, upuaymas QoKyc, YeM TIPOJENBIBRATH BCE BHKIAZKHA Y€CT-
HOo. Ho 91060 jiorafeBaThCA, HYIKHO HAYYMTHCA pPasHEM YXHII-
"penuaM. BHTE Momer, nTyume Ownno O BHYHCIATH AHTECPATH He-
HOCPeJICTBEHHO, & HE TPATATh CHIH HA OCTPOYMHEE croco0H pelre-
HHA Ja JEeMOHCTPHPOBATH CBOI coobpasmrensmocth. Ho Bce-Takm
Mu no#iiem mo mytd pasBuTHA coolGpasurenbHOcTA. Ilepexommm,
TakmM 06paszoM, K OGCYRIEHHWI0 HEKOTOPHX ApYIuX ocobeHHOCTEIl
BIEKTPHIECKOr0 IOJA. ‘

§ 3. Saexmpunecnuii nomenyuaa

Jlia Havaza YCBOMM NOHATHE DJIEKTPHIECKOr0 MOTEHUHUANA,
ceaAsanHoe ¢ paboTodl mepemoca 3apAfa U3 OLHON TOIKH B APYTYIO.
Ilyctp mMmeercss Kakoe-To pacmpegenenme sapsgos. OHO cospaer
sneKTpudyeckoe mone. Cnpammpaercss, Kakywo pabory Hamo 3arTpa-
THTH, 9TO0H mepeHecTr HeGoNbION 3apA/ U3 OHOI TOIKHA B IPYTyio?
PabGora, mpousseiennas npomug HefcTBUS DIEKTPAICCKUX CHX IPH
DepeHoce 3apsAAa OO0 HeKOTOPOMY HYTH, PABHA MUHYC KOMIOHEHTE
BIIeKTPWYECKOH CIIH B HALPABJICHUH ABMKeHAA , IPOMHTET PUPOBAH-
HoOU mo aTomMy mytu. Eciau 3apaj mepeHOCUTCA OT TOUKH @ K TouKe b,
TO

W=-—~SbF-ds, -
a
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q b @ ue. 4.2. Paboma nepernoca sapada
om a k b pasna Muryc unmespasy om
OBurt F.ds no enbpannomy nymu.
nyms
Apyeoid
myms
a

rie F' — anexTpuuecKas cuiaa, JeHCTBYIOINAA Ha 3apA] B KaKIOM
TOUKe, & ds — AuddepeANHAN BeKTOPA HePEeMeIIeHnI BIONb TpPaek-
Topuu (pur. 4.2).

Hns mamux meseii mHTepecHee paccMOTpeTh padoTy HmepeHOCa
edunuyb sapsaga. Torma cmma, melficTBylomas Ha Taxoil sapam,
YHCJAeHHO COBHAAET ¢ ieKTpmieckuM moaeM. O0os3Hauaa B 9TOM
caygae pabory mpoTus gelicTBHA sieRTpudecKkuX cumn Oyxsolt W,
HAOHAIIeM

b
Wepnn = — { E-ds. (4.19)

Boo6uie resops, T, 9T0 MOJy9IaeTcd IPU HHTeT PHPOBAHUAX TAKOIO
copTa, 3aBUCAT 0T BHOpanuoro nyra marerpuposanus. Ho ecnnm 651
maTerpan B (4.19) saBmcen or myTm, MBI OB MOTJH W3BBIETb M3 MO
pabory, mogHecs 3apAxg K b mo ofHoMy myTh @ yHecsa o0paTHO K a
mo gpyromy. Mosxeo 6mIo OB momoliTn K b mo ToMy mytu, rme W
MeHbIIe, a ydaaumbcs OO TOMY OYTH, Tie OHO 0olble, ROAYHUS
pabotel Gonpine, 4eM OBLIO 8.40HCEHO.

B mpuunune mer EUYETO HEBO3MOMKHOTO B TOM, ITO0H mONYy4arh
pabory us mossi. MH eme mo3HaKOMEMCS C HONSAME, B KOTOPHX 3TO
BO3MOKHO. MoskeT OKasaThCA, YTO, JBUTAsg 3apAAH, BH HelicTeyere
Ha OCTAJBHYIO YacTh BCET0o «MeXaHM3Ma» ¢ KaKo#-10 cmioil. Eciam
«MEXaHH3M» CaM JIBHMKETCS NPOTHB 3TOM cmikl, OH Oyger TepATh
HHEPTHIO, ¥ HOJHAs DPHePrusA OyHer TeM CaMHM OCTABATbCA MOCTOSH-
Holl. B auexmpocmamuke, ognako, HAKAKOTO «<MeXaHu3Ma» Her. Mu
3HAeM, KAKOBH T€ CHWJIB OTXAaYdM, KOTOPHE [eHCTRYIOT HA HCTO-
HUKH Hoias. 9TO KYNOHOBCKHE CHIH, HelficTByIOmMme Ha 3apsiH,
OTBETCTBEHHEIE .32 CO3MaHMEe HONA. KCiIu HOTO/KeHHA BCeX HPOUYUX
3apsajoB sapuKCHpPOBAaHE (a 9TO JomyleHHe JeJaeTcsi B OXHON
TONBLKO d4ekmpocmamuxe), ToO CAIbl OTHAYM HA HHUX HE CMOTYT feli-
crBoBaTh. 11 Torma Her cmoco0a m3BIeYh M3 HUX 9HePrHio, pasy-
MeeTcsl, HPH YCIOBMM, 9TO IPUHIAN COXPAHEHHA 9HEPTHH B BIEKT-
pocraTuke cupaBennimB. ME, KOHeUHO, BePHM, 9T0 9TO TaK, OLHAKO
monpobyeM Bce jKe IOKas3aTh, Kak HTO ClelyeT w3 3aKOHA CHIH
Hynona.

IlocmorpuM crawama, 9ré mpomMcXOxUT B ImOJIe, CO3JAHHOM enm-
HUYHBIM 3apsapgoM ¢. IlycTs Touka ¢ ymameHa oT ¢ HA PACCTOAHHE
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@ uea 4.3. IIpu nepernoce npob-
Ho20 3apada om @ kb no awbomy
nymu mpamumca o0Ha U ma Jce
patoma.

'y, @To9Ka b — ma paccros-
HEe 7p. llepemecem Temepn
APYroi 3apsj, HasuBaeMbii
¢npOGHEIMY M paBHHHA eju-
HULE, oT a po b. WaGepem
cOoepBa CAMELLI Jjerkmil mjs
pacsera 1nyrte. llepemecem
HAm Opo0HHH’ 3apsay cnava-
Ja 10 IyTe Kpyra, a mocie—
o pammycy (dur. 4.3, q).
Paccumrars paGory mepemoca mo TAKOMY OYyTH — JleTcKas 3abaBa
(a wmave 6B MH ero m me BoiGpanu). Bo-nepsmx, ma yuactre aa’
pa6ota He mpomssoxmTea. [Toe mo saxony Hynoma pagnansso, r. e.
HANPABIGHO IONePek HANPABACHHA NBWKeHHA. Bo-BTOpHX, Ha
yiacTke a'b mome meHsercs kax 1/7% u HANPABIEHO U0 ABHRCHUIO.
Tax uro pabora mepenoca npoGHOro 3apsana or a k b paeHa

b b
—\Eds=—_2 (dr_ _ g (1 1

SE ds dne, ) r2 T me, (ra 'rb) ' (4.20)

a a’

BriGepem Tenmeps ApPYTOil JMerKuit myTh, CKa}KEM TOT, KOTOPEIR
usobpasken Ha ¢ur. 4.3,6. On muer IomePeMeHHe To 1O [AyTe OK-
PYy#HOCTH, TO N0 pagumycy. Hasmii pas, Korma myTsh mponeraer
Io Ayre, HAKAKOH paboTs He sarpaumpaerca. Kasmii pas, Korna
HYTH WIeT no papuycy, unrerpupyercs 1/r2. Ilo meproMy pajgmann- .
HOMY y9acTRYy HHTerpax Geperca OoT r, [0 Iy, HO CHEAYIOMEMY —
OT T 10 ro» M 7. A. CyMMa BCeX TAKHX HHTEIpaloB Kak pas paBHa
OAHOMY HHTETpPany, HO B IPeAeNAx OT r, 10 ry,. B o6meM moaysures
TOT iKe OTBeT, 9TO W B MePBOM HCHPOOOBaHHOM HaMm myTH. SlcHo,
9TO W A 4106020 MYTH, COCTABIEHHOTO U3 NPOH3BOIBHOTO THCIA
YIacTKOB TAKOr0 BHAA, NOTYIUTCA TOT e peaybTar.

Hy a rak macuer mnasmmx rpaexropuii? TlonmyanM am mm TOT
e OTBET? ITOT BOUPOC MK OGCYAMIE B BHIM. 1, ra. 13. Honwaysace
TEMH K€ HOBOJIAMH, WTO M TOTZA, M MOKeM BaKITI0YHTH, dTO
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W(a~ b) = p(b) - pta) b

@Dy 4.4. Paboma, sampauen-
nas Ha deuncenue 680av A06020
W(R, - b)= p(b) nymu om a do b, padna  Mmunyc
pabome om nexomopoi moyku P,
e 80 a nawc paboma om P, do b.

Wity~0)= g(@) %

paGoTa mepeHOCA €XMHUYHOTO B3apAfa 0T 4 70 b or [YyTH He
3aBUCUT:
b

W e (a—b)=— { E-ds.

a
Jobol
nyrh
A pas smmonnseMas pabGoTa 3aBHCHT TONBKO OT KOHIIOB HYTH,
TO OHA MOKeT GHTh IPEJCTaBIeHA B BHJAE PABHOCTA [BYX YHCe.
B arom MomxuO0 ybenurbea caenyiomuM obpasoM. BuGepem oTmpas-
HYI0 TOUKY P, ¥ fOTOBOPHMCH ONEHHBATH HAII HHTETPAJ, HOJb3YAChH
TOJNBKO TeMH TPAREeKTODHAMH, KOTODHE HpOXOAAT uepe3 Toury P,
OGosmainm paoTy, BHIONHEHHYI HPU ABWKEHNH HPOTHB TOJA 0mm
P, no Tourm a, uepes ¢ (a), a pabory Ha ywacrke om P, 1o Toukm
b — uepes ¢(b) (pur. 4.4). PabGora mepexona or a k¥ P, (mo gopore
k b) pasHa @(e¢) ¢ MmHycOoM, TaK 9TO .

b :
; -—SE-ds:q;(b)—q)(a). ' (4.21)

Tax xar noscoRy GymeT BCTPEYATHCA TOABKO PA3HOCTH 3HAYe-
unil QyEKIIA ¢ B ABYX TOYKAX, TO IOJO0KEHNe TOIKRH P, B cymuocTH
6eapasnmuno. OjHAKO KaKk TONBKO OTIpaBHAsi TOYKAa BHlpaHa,
YHMCHO (¢ TeM CAMHWM OIpefeNseTcsi B 410600 TOYKe HPOCTPAHCTBA;
8HAUHT, @ SIBIAETCA CKAAADHLIM noaedm, PyHKUMeR ot z, y, z. ITy
CKAIADRYI0 PYHKIMIO MH HA3HBAEM 9.4€KMPOCMAMUMECKUM NOMeH-
Yuai0M B TPOU3BOILHON TOUKe.

Suexmpocmamunecruii nomenyuas

9 P)=— | B-ds. (4.22)
P,

"Yacro ouenb ymo6Ho Oparth OTHPaBHY® TOYKY Ha OecKoHed-
HocTH. Torga mOTeHIWAN @ OJUWHOYHOrO BApANa B HAaYale KOOPLH-
HAT, B3ATHI B IPOM3BONLHOHN TouKe (r, Y, 2), paBeH [¢M. ypaBHEHHE

(4.20)] 4 .
: @ (2, Y, 2) = —— — (4.23)

bme, 1.

76



JIeKTPHYECKOE IOJNE HECKONLKHX B3aPSAN0OB MOKHO B3ammcaThb
B BOJE CYMMH JeKTPHIECKEX IoNed OT HePBOrO 3apsya, OoT BTO-
poro, or T1perbero u . A. WHTErpUpys cyMMy RIS TOro, 4TO6R
OnpefeInuTh MOTEHINAN, MK IpAfeM K cymMMe mHTerpanos. Kasgouit
¥3 HEX — BTC NOTeHIHAT COOTBETCTRYIOMIEro 3apsafa. SHAYMT, INO-
TeHHHAJ (¢ MHOMKECTBA 3aPANOB €CTh CYMMa HOTEHIIHAJIOB Ka3KAOrO
W3 3apAKOB Io oTHeabHOCTH. TakuM o6pasoM, I ANA DOTEHIUAIOB
cylllecTByeT IpuHUND Haixoskenusi. llonpsysAch TakmMmm ke apry-
MEHTAMH, KaK W TOTHAA, KOIKA MH HCKAJIH 3JIeKTPHYecKoe Ioje
rPYNOH 3aPANOB WM pacupefeleHus 3apsjfoB, MH MOMKeM HOJIY-
9nTh OKORYaTeJIbHEEe GOPMYIH s IOTeHIHAla ¢ B TouKe, 0603HA-
9eHHOH Kak (1):

1 9
Q)= e it (4.24)
j o 17
niIn
1 2)dv

He za6mBaiite, 4ro DOTeHHHAN ¢ WMeeT (PUBUIECKUH CMBICH:
9TO MOTeHIMAIbHAS dHEPIUA, KOTOPYIO uMes OH eIlHHUYHNIL 3apAX,
€CIH ero ImePeHecTH B YKAa3aHHYI0 TOYKY HPOCTPAHCTBA U3 HEKO-
TOpoli OTIPABHOH TOUKH.

§ 4. E=—vo

C waxo#t cratu Hac samETepecoBan moremruan ¢F Cmim, gelcr-
ByWIIue - HA B3apAmH, [alTCA BearmuumHON KE — dlerTpuuecknM
moueM. Bes cons B ToMm, 9ro E #3 ¢ ouens gerko noayunrs, e TPyA-
HEe, YeM BHYUCANUTb HPOR3BOAHYI0. PaccMoTpmM IBe TOYKH C Of{MHA-
KOBHMHU J ¥ 2, HO ¢ PA3HBIMHE £: Y OMHOHU &, ¥ gpyroit £+ Ax; nownre-
pecyeMcsi, Kakyio palory Halo cOBepIIHTH, 9TOOH IepeHecTH enu-
HUYHHE 3apAf m3 ofHON TOYKW B Apyryio. Ilyrs mepenoca — ro-
pE3OHTANbHAS JHHEMA OT & fo £-+Az. PaGora vaBHEa pasHOCTH 1O-
TeHI[HATOB B JABYX TOYKAX

0
AW =@ (z+ Az, ¥y, 2)—o(z, ¥, z)=£A:c.
Ho paGora mporue peiicTBUA CHJIB Ha TOM K€ OTpe3Ke paBHA
AW =— (E.ds= —E Az

Mu BmguM, 4TO

E. —_ % (4.26)

PapuumM obpasoM, £, =—09/dy, E,=—09/0z; Bce s10 B 0603HA-
YeHAAX BeKTOPHOTO AHANM3A MOMHO HDOAHITOKATH TaK!:

E=—vye. (4.27)
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9710 auddepennuanbuan fopMa ypaBHeHHA (4.22). Jlio6y10 szapaqy,
B KOTOpOH 3apsgs 3aJAHH, MOKHO DPeIIUTH, BHYHCIHB IO (4.24)
uan (4.25) moTeHNmax ¥ PACCYUTAB MO (4.27) mnone. Ypanmenme
(4.27) cornacyerca TakKe ¢ TeM, 9T0 HOAY9Yaercsd B BeKTOPHOM aHa-
Au3e: ¢ TeM, 4TO OAA A060T0 CKAIAPHOTO MMOIA

b

{ vo-ds=q (b)—¢(a). (4.28)

a

CornacHo ypaBHeHWIO (4.25), cKaXApHHI HoTeHUHAl ¢ NpPed-
craBiadeTcd TPeXMepPHHM HHTEIpamoM, mouo0HEM TOMY, KOTO-
puil Mur nucanu gas E. EcTh 1y Kakag BHrofa B T0M, 49T0 BMecTo E
puunciagerca ¢F Ha. Husa peunciaenus ¢ #ysKHO B3ATH OfUH HH-
rerpai, a jasa Bugucaenus E — tpu (Befp sTo BekTOp). Hpome
toro, o0wuno 1/r mETETpHEpOBATH Jervue, YeMm z/r3. Bo MEoTUX mpak-
THYECKHX CIYyYafdX OKABHBAETCA, UTO AJAA MOJYYCHUA DIeKTpUIe-
CKOTO HOJIA Aerye CIePBa MOACYUTATEL ¢, & TOCIe B3sATH CPAHeHT,
4eM BEIYHCIATH TPHU MHETeTpana uiua E. 9to npocto Bompoc yrobersa.
Ho morernmman ¢ wmeer m raybokmil pmamaeckmit cmuica. Mu

nokasaim, yto E saxoma Hynoma monyuaerca ms E—=—grad o,
rae ¢ paerca ypasnenveMm (4.22). Ho eenn E—bs10 rpagmenT cKaxAp-
HOTIO 10N, TO, KAK H3ReCTHO U3 BEKTOPHOTO MCIMCieBusa, porop E
AomkeH o0paTuTheA B HYJb:

. yxE=0. (4.29)

Ho 370 u ecTs Hame BTOPOe 0CHOBHOE yPaBHEHHE BAEKTPOCTATHRT —
ypaBmenue (4.6). Takum o0pasoM, MH IOOKa3zaim, 4TO BaKOH
Hyaona paer none E, ymoBmersopsiomee sTomy yeaosmo. Tak 970
0 cuX IOp BCe B HOpAANKe.

Ha camom pene 1o, uwto vy X E paBHO HyNI0, OHIO0 JOKA32HO eme
A0 TOTO, KAK MBl OIPeleJWIH IOoTeHNuWan. MH morasaam, 910 pa-
fora o0xopa 0 BAMKHYTOMY OYTH paBHa HYII, T. e.

PE.ds=0

no swbomy myrm. Mu Bumeam B ra. 3, 9ro B Takom mome yXE
JOMKHO OBITH BCIONY pPABHO HYN0. DJeKTPUYEcKoe Molle IEeKTpPO-
CTATUKU — 5TO moiie 6e3 poTopos.

Br1 MoskeTe NOTPEHHPOBATHCH B BEKTOPHOM HMCYHCIACHHH, MOKA-
3aB PaBeHCTBO HyJ BeKTopa v X E apyrum cmocoboM, T. e. BHYnrC-
0B KOMIOHEHTH BeKrTopa yXE nmas wmona rToseunoro sapapma mo
dopmynam (4.11). Ecam monyanrca Hyab, TO OPHATHAN HAIOKEHHS
obecneunt Ham o6pamenue y X E B Hyss pas awoboro pacmpenerme-
HUA 3apPAMIOB. '

Cnenyer momuepruyTh Bauwuil darrt. Huaa moboll paduasvroil
CWIH BHOOTHAeMas pabora He 3aBHCUT OT HYTH X CymECTBYeT IO-
reRnEai. Ecam BH BIyMaeTech B 3TO, TO YBHJAWTE, 9T0 BCE HAMH
JIOKa3aTeIbCTBA TOTO, YTO METErpay paboTH He 3aBHCUT OT OYTH,
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CcaMU OIpeJleIANNCh TOIBKO TeM, UTO CWJIA 0T OTHEeNLHOTO 3apsaja
6pLIa pagmanbHa u cPepudecKn cUMMeTpuIHa. To, 4To 3aBHCHMOCTE
CHJBL OT paccTosiHma mMena Buy 1/r%, He mMeno HEHKAKOTO 3Hade-
HEA, 1pu J000f 3aBHCUMOCTH OT r HOIYYHIOCH OB TO ke camoe.
CymecTBoBaHNe mOTeHIMada u obpameHne B Hyab poropa E Buite-
KAl0T Ha CaMoM JieJe TOIBLKO W3 CUMMEMPUU U HANDASACHHOCTIU
saexTpocTarmieckux cmi. llo aroif mpmummEe ypasmenue (4.28)
win (4.29) MosKeT copep:RaTh B cebe TOXBKO YacTh 3aKOHOB BJIEKT-
pHUecTBa.

§ 6. ITomoxr noan E

Tenepp MEH XOTHM BHBECTH YypaBHeHHe, KOTOpPOe HemOCpPexcT-
BeHHO W B 100 yumreBaet ToT PaKT, 9TO BAKGH CHAH — 3TO 3aKOH
o6paTHHX KBajaparos. Hoe-KoMy KaKeTCA «BIOJHE eCTECTBEHHEIMY,
4970 mone MeHseTcd 00PaTHO HPOIOPIMOHATHHO KBAJpaTy PaccTos-
HHA, TOTOMY YTO <«HUMEHHO TAaK, MON, BCe pPacHpPOCTPAHACTCS».
BospMuTe cBeTOBOH WMCTOYHWEK, M3 KOTOPOTO JIBETCA IOTOK CBETA;
KOIHMYECTRO CBeTa, MPOXOfiAMNiee YePes3 OCHOBRAHUE KOHYcA ¢ BePIIK-
Holl B MCTOYHUKE, OMHO # TO jKé HEe3aBHCUMO OT TOr0, HACKOJILKO
OCHOBaHHe YJ&NEHO OT BePMHHHE. 9T0 ¢ Heo(GXO[MMOCTEHIO CleLyer
U3 COXpaHeHHs CBeToBoil omeprmm. HoJm"ecTBO chera Ha eJiu-
HANY IJI0WaAN — AHTeHCHBHOCTH — NOMKHO OHTH 00paTHO umpo-
TMOPIMOHAJbHO WJIOMA/N, BHPE3aHHOH KOHYCOM, T. e. KBAupary
pPAccTOSHUA OT UCTOYHUKA. fICHO, UTO HO TOM e HPHIHHE U BIEKT-
pmyecKoe ImoJe TOJYKHO U3MeHAThECA 06paTHO KBaApary paccrosaus!

Ho 3pech Bepb HET HHMYETO MOXO0KET0 HA 4Ty e NPUIHHYY.
Benb HUKTO HE MOKeT CKa3aTh, UTO DIEKTPAIECKOE MO eCTh Mepa
9ero-To TAKOTO, YTO MOX0Ke HA CBeT U YTO MOITOMY AOMKHO COXpa-
maATbcA. Ecau 6v y mac OBlIa TaKasg «MOIEIb) 2JIeKTPUICCKOTO HOJIH,
B KOTOPOIl BeKTOP HOJIA HPeACTARIAN GH HAIPABICHUE W CKOPOCTh
(my, HanpuMeD, OHI OH TOKOM) KAKHAX-TO BEIIETAOMUX MaleHLKAX
«gpobuHOK», U ecim Gu dTa Mojeab Tpedomama, YTOGH THCIO APO-
OMHEOK COXPAHAJOCHh M HH OJ{HA HE MOTJIA IPONACTH HOCJIe BHIIETA
M3 3apdja, BOT TOrAa MBL MOIAH OBl TOBOPHUTH, YTO «IYBCTBYeM»
men30e:KHOCTD. 3aKoHa oOpaTHRIX KBajapatos. C Apyroi CTOpOHH,
HempeMeHHO JloJKeH OmI OH  CymEcTBOBATH MaTeMaTHYecKui
cmoco6 B paskeHusa 9ol pusndecKoit upen. KEcnu O seKTpUIecKOe
mone 6Ou.0 mOgoOHO cOXpamAnIIMMeA NPOOMHKAM, TO OHO MeHA-
stoch On OGPATHO IPONOPHUOHANLHO KBAJLpATy PACCTOAHUA W MHI
Morau OH OOHCATH TAKOE HOBeJeHHe HeKOTOPHIM ypaBHeHHWeM, T. e.
gneTe MateMaTudeckuM nyTteM. Ecnu Mel He yTBep:REaeM, 9TO BIEKT-
puuecKoe moiye cdetano U3 KpoOUHOK, a HOHHMAeM, 970 3TO IPOCTO
MOJI€J1b, TOMOTAKMasa HaM IPRATYE K NPaBMIBHOH MareMaTHIecKoh
TeopuHm, TO HWIEr0 ILUIOXOT0 B TAKOM ciIoco0e paccy:kpeHWil Het.

Ilpeanonosmm, 9T0 MBI HA MCHOBEHHE UPEOCTABWIH cebe dIerT-
PHYECKOe HOeJIe B BHJIE IOTOKA TeT0-TO COXPAHAWINErocad U TeKYIero
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Due 4.5, Homorx E us
nosepznocmu S paeen
P HyLi0,

Jumnrynicn
[08SPAROCTID 5

Touevrisid 3apad

DOBCIONY, 38 HCKIUEHAEM TOTO MeCTa, Tje PACHONOREH CaM 3apPAL
(1OI3KeH e DTOT HOTOK OoTKya-To HaumHarees!). [Ipegcraram uTo-10
(4T0 mMEHHO — HeBAa)KHO), BHITeKAalollee M3 3apAfa B OKPY:Kalomee
npocrparcTBo. Ecam 6m E Omuto BexTOopoM Tarkoro moroka (Kak
h — BeKTOp Tem10BOr0 HOTOKA), TO BOJIM3Y OT TOTEIHOTO UCTOYHUKA
oHO ob6namano Gu sasucuMoctbio 1/7%. Tenepnh MH KenaeM HcIoOab-
BOBATH 9TY MOJENL A1 TOro, 4T0o0m Iinydsme chopMyInpoBaTh 3aAKOH
o0 paTHEIX KBAJ[PATOB, & He IPOCTO TOBOPHUTH 06 «0GPATHHX KBajgpa-
rax», (Bam MoeT mokasaTbcsA YAUBHTEALHHM, IIOYeMY BMECTO
TOro, YTOOH CXOXY, IPAMO M OTKPHTO copMyIUPOBATH CTONb IPOC-
TOH 3aKOH, MBEl XOTHM TPYCJIHBO HPOTANHTE TO 3Ke CAMOe, HO & 3ajl-
wero xoma. Hemuoro rtepmenusa! 910 okamkercs HebecmoiaesHBIM.)

Cnpocum ceba: 9eMy pasHO «BHTeKanue» E m3 mpomssomsmoi
BAMKHYTOH IOBEPXHOCTH B OKPeCTHOCTH TodedHoro sapapga? Huas
HaiaJa BO3bMeM HPOCTeHLKYI0 NOBEPXHOCTh — TAKYIO, KaK IOKa-
3aH0 Ha ¢ur. 4.5. Ecau nome E moxoxe Ha mOTOR, To cyMMapHOe
BHITEKAHHUEe M3 3TOT0 AMUKA AOJHKEO OHTh PaBHO HYJIW. JTO M MOLY-
qaeTcd, eCTH IOJ] «BHTeKaHHeM» H3 3TOH HOBEPXHOCTH Mbl IOHUMAEM
HOBePXHOCTHHIH HHTErpaJ 0T HOpMAanbHOIH cocramiasiomeir E, 1. e.
notok E B ToM cMBIcie, KOTopHE 0w yeraHoBieH B ria. 3. Ha Go-
KOBHX TpaEAX HopMmalbHas cocraBiasomada E pasma mynwo. Ha
cepmdeckux rpaHAX HopMadbHAA cocraBasiomas E pasHa camoii
penugune E, ¢ MuaycoM HA MeHBbIIeH I'PaHU ¥ ¢ ITIOCQM Ha GoJibineii.
Benmamua E y6mBaer kax 1/r?, a miolanb rpanm pacrer Kar r?,
TAaK YTO WX Ipom3BeneHue ot r He 3asucut. llpurox E wepes rpaun a
B TOYHOCTH I'acUTCA OTTOKOM wepes rpadb b. CymMMapHMil moTox
uepe3 S paBeH HYJI0, a 3TO BCe PaBHO, YTO CKa3aThb, YTO

(E,da=0 (4.30)
S

HAa 3TOHl IOBepXHOCTH.

Temepb mokaskeM, UTO JIBe «TOPICBHE) .MOBEPXHOCTH MOTYT GHTH
6ea ymepba paa senrwguEl mHTErpana (4.30) mepekomeHs OTHO-
cuTeIbHO pagmyca. XoTA 5TO BePHO BCETJA, HO IJIA HAMHUX Ijeiaei
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Due 4.6. ITomox E us
nogéeprHocmu S paseH
HY A0,

Toweynsiti 3apsd

HOCTATOYHO TOJIBKO MOKA3aTb, YTO 9TO CHPABEAIMBO TOTHA, KOTHA
«TOPIbI» MAJIH W CTATHBAIOT MAJHIH yTOd ¢ BePIIHHOA B KCTOTHHKE,
T. €. B JeficTBUTeNbHOCTH OeckomHewHO Manmil yroa. Ha ¢mr. 4.6
TOKa3aHA WOBEPXHOCTh S, «0OKOBHE I'DAHW» KOTODPOM PajimaibHH,
a «TopuED mepeKomenH. Ha pucyure oHm me Majml, HO HAJ0 HpeX-
cTaBUTh cele, UTo HA caMOM Jeje OHH O4eHb MajdH. Torga mome E
HaJl MOBePXHOCTHIO OYHeT KOCTATOYHO OSHOPOHBIM, TAK YTO MOHKHO
B3ATH €ro 8HaUeHWe B neHTpe. Ecam Topen HarioHeH Ha yrox 0,
TO ero miIomajab Bospacraer B 1/cos O pas, a E, — xomumonernra E,
HODMAaJbHAA K IOBEPXHOCTH TOpIa, yOmnBaer B cos 0 pas, Tak uro
npoussegerne E, Aa me Memserca. lloTok ms Bceit mosepXHocTd
S mo-nmpejkHeMy paBeH HYJIIO.

" Temeps yixe merko pasrasjeTsh, 9TO U HOTOK M3 00BeMa, OKpY-
SKEHHOTO nPouU380AbHOY, IOBEePXHOCTEIO S, 00513aH OLITh PABHHM HY-
no. Bexnb moboit 00beM MokHO mpefcTaBuTh cefe COCTABICHHBIM
3 TaKmx uacreidf, Kax ma ¢ur. 4.6. Bea mnomepxmocts pas-
JennTcsa HA HapH TOPIEBHX YYACTKOB, & HOCKOIbLKY HOTOKH 4epes
K&KAYI0 B3 HUX BHYTPb U HAapy:Ky o0beMa monapHo yENITOKA0TCH,
TO W CYMMADHHI IOTOK Yepe3 MOBEPXHOCTH OOpATHTCA B HYAb.
Wnes ora wmnaocrpupyerca ¢ur. 4.7. Mu momydaeM CoBepHICHHO
ofmuid pesynpTaT: cyMMapHHI motok E gepes w06y noBepXHOCTH
S B mOJe TOYETHOrO 3apsga paBeH HYJIIO.

D uz 4.7. Bearuii obvem
MOJCHO npedemassamb  cebe
coCmosuuMm ua 6eckoneuHo ma-
ABE YCEUEHHBL KOHYCO8.
Homox E cxeosv 00un xoney xade-
8020 KOHUYLCKOZ0 CC2MEHMA rasen
NPOMUBONOAONCEH nOva’Ky €KB03b
8pyecit xomey. O6wuii nomox us
nogepxnocmu S mnoamomy pasen
Hya10.
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b D ue 4.8. Ecau 2apad naxo-
dumes eHymMpu nogeprHocmu,
noOmMoK HAPYXY He pasew

7 HY A0,

B
‘a/a

Bynbre, ogaako, saumatenbus! Hame pmorasareanctso paGo-
TAeT TONBRO TOTHA, KOTJla WOBepPXHOCTH S He OKpYscdem 3apap,.
A gro cayamnochk Gwl, ecanm Obl TOTETHHIH 3apAJ OKABAJICA GHYMPU
nosepxraoctu? Kak w pambine, nopepXHOCTh MOKHO ObLIO GBI paspe-
JAUTH HA DADHl IVIOMALOK, CBA3ANNEE PAafHaIbHEIME NPSMEIMHA, APO-
xopamumy depes 3apaf (Pur. 4.8). lloroxkm depes sTm yuacrrm
1o TOM ;Ke mpWIwWHE, 9TO W PaHblle, MO-IPE;KHEMY IONapHO PABHEI,
HO TOJBKO Temepb uX 3HARHW odunakosw. IloTor m3 momepxmocTa:,
oKpyxcarowel; 3apsay, He pagen Hymio. Torga 9eMy jke OH papeH!?
310 MOmHO ompegennts ¢ momompbio doryca. Homyermm, wro ME
«yOpanmy 3apAn «E3HYTPHY, OKPYIRUB €ro MATeHBKOH IOBEPXHO-
¢TI0 S’ TaK, 9To6H OHA JleKkajia HeMIUKOM BHYTPH IePBOHATAIBHON
nosepxHoctE S (pur. 4.9). Temeps B 06beMe, 3aKIITCHHOM MEHIY
AByMsa mopepXHocTamz S m S’, HEKakoro sapaga mer. O0muit mo-
TOK #3 3Toro ofbeMa (BRINYAA MOTOK 4epes S’) papeH HYIO, B 9eM
MO;EHO Y0eAuThCA P MOMOIIY NPeKHAEX apryMeaToB. OHU TOBOPAT
HaM, 9T0 DOTOK 9epes S’ BHYTPb 06sema TAROH s1e, KaK HOTOK gepes S
HADYHKY. -

Hdas S’ mMu momem BHOpaTh mobyo, Karyw yrogHo ¢opmy,
H03TOMY JasaiiTe ciemaem ee cdhepoll ¢ sapamom B uenrpe (¢ur. 4.10).
Torma morok wepes mee mojcumTarh Jerko. Ecam pagmyc Mamoi
cepu pasen r, 10 smautenue E moscofy Ha ee MOBEPXHOCTH PABHO

1 4
4ney r2

A HaOopaBieHO BCErJZa HOO HOpManXZ K IOBEPXHOCTH. Becs moTox

Tosepxrocms
S~

D ue 4.9. Tomor uepes S pasen
nomoxy uepea S’, Tosepnocoms
S’

VL /
AW
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@ u 2 4.10. ITomox uepes cepuue- E
CEYI0 NOBEPTHOCMb, 0TBAMBLEAIOUYI0
moveuntili 8apad ¢, pasen ¢/€q.

g
SI

geped S’ HOIYYHWTCHA, €CAW BTy HOPMAIBLAYI cocTapIsiomyn E -
VMHOKHTbh Ha INTONIATD IMOBEPXHOCTH:

1 ¢ q
IMorox wuepes moBepxHOCTE & = | —- — 2) g L .31
P P b 4ne, r2 (431:/ )= € ! (4 )
T. €. PaBeH 9YECIy, He 3aBHCAmEMY OT pajgmyca cdepr! Smauur, u
OOTOK HaApPY™XY gepes S TOMEe paBeHn q/SO; ITO 3HaYeHye He 3aBUCHUT
oT GopMH S o TeX mop, MoKa 3apAA ¢ HAXOJUTCA BHYTPH.
HaIIIH BbIBOJHI MBI MOMeM 3anucaTtbh TaK:

JO; g cmapymz S,

(E,da= (4.32)

IIpousBoabLHAR l l; ¢ BHYTpH S.
TNOBEPXHOCTE S €y

Hapaiite BepueMcsi K Hamell aHAJIOTHMH ¢ «Ipo0OMHKAMW» ¥ IIO-
CMOTPHM, ecTh Jd B Hell cMmeica. Hama teopema yTeep:xpaer, 910
CYMMaPHHEH TOTOK IPOOEHOK 9epe3 MOBEPXHOCTh paBeH HyJI0, eClH
MOBePXHOCTh HE OKpYy:aeT coboil pyskbe, crpeasiomee Lpodbio.
A ecirzm pybe ORDY:KeHO IMOBePXHOCTBIO, TO KaKoro O pasMepa
wig GopMHE OHA By OHUIA, KOJHIECTBO IPOXOAmMUX depes Hee napo-
OWHOK BCerga OZHO W TO ;Ke — OHO JAaeTcs CKOPOCTHIO, ¢ KOTOPOH
ApoOEHKYA BHIIETAIOT U3 PY:ibsa. Bee 3T0 BHTIAAUT BIOJIHE PABYMHO
oI coXpansomuxca apodunox. Ho coobmiaer am pra Mojeab HaM
XOTh 9TO-TO CBEPX TOr0, YTO MHOJYIAETCA MNPOCTO W3 ypPaBHEHAA
(4.32)? Huromy He ygmaisoch moOuWTBCA TOro, 9T00H «IPOOEHKA»
Ipon3BeId HA CBET 9TO-HUOYAH CBEPX BTore 3aKoma. HpoMe Hero,
OHH MOPOKTAIT TOABbKO onmubry. [losToMy-TO MBI cerogasa mpenmo-
gpTaeM 9HCTO a0CTpPAKTHOE IIpefCTaBleHMe 00 HIEKTPOMATHHTHOM
moute. :

§ 6. Baron Taycca; dusepeenyyus noas E

Ham msamupmii pesyabrat — ypasuenme (4.32) — GHI JoKa-
BaH [JA OTHEJBHOTO TOUETHOTO 3apAfa. A Temeph HOIYCTHM, UTO
HIMEIOTCA JBA 3aPAJA: BaPAJ ¢, —B OLHOM To4Ke ¥ BAPAK g2 — B APY-
roii. 3apjav¥a BHIVIAAT ye HOTpYZAHee. Temepsp BIEKTPHIECKOE
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1one, HOPMAJBHYI0 COCTABIAKMYI0 KOTOPOTO MH WHTETpuUpyeMm,
310 y)Ke moje, co3gaHHoe obomMu 3apajamm. MHage romops, ecanm
E,—T0 3;1eKTpHUeCcKoe Iode, KOTOPOe CO3HAT OB ONUH TOIBKO 3a P
g;, a E; — anerTprueckoe moxe, cosgapaeMoe OFHHM 3aPALOM (s,
TO CyMMapHoe dJeKTpudeckoe moiae papno E =E,+E,. Ilorok gepes
IpPOU3BOIBHYI0 BAMKHYTYIO IO BEPXHOCTH S paBen

SS (Ey,+ E,,) da= SS E,, da +SS E,,da. (4.33)

ITorox npu HaJWINH ABYX 3aPAKOB — BTO MOTOK, BHIBBAHHHIL Of-
HHUM 3apAfOM, mII0C HOTOK, BRI3BaHHEI gpyruM. Ecnm o6a maxo-
IATCA CHApY:KE S, TO MOTOK CKBO3b S pased Hyxo. Ecax ¢, vaxo-
puTCA BHYTPH S, & @2 — CHAPYXH, TO TEPBHI HWHTErpal HacT
q,/&,, & BTOpoii — Hynb. Eciu mosepXmocts Okpyskaer o0a sapsaia,
TO K&KAHI BHECET BKJIAJ B MHTETPAT W HOTOK OKAMKETCA DPABHHIM
(9,92)/ €, OOmee npapmiIO OYEBHAHO: CYMMADHKIT HOTOK M3 3aMK-
HYTO# HOBEPXHOCTE pPAaBeH CYMMAapHOMY 3apAfy eHympu Hee, Je-
JICHHOMY HA &,

3toT pesynbrar upeicTaBafer coboll Bammmi o6mupi 3aKOH
3IEKTPOCTATATECKOro WOJs, ¥ HA3HBaeTcs OH Teopemol [aycea,
wiaux s3axonoM l'aycca:

Sakon [’aycca:‘

Cyuma 3apsfioB BHYTpHU
E, da="Y pras A, (4.3%)
Jwogan ¢
BaMRHYTaA
noBepxHOCTE S
nan
SE~nda=Qi’eﬁ‘ﬂi’, (4.35)
Jiotan S :
SaAMKHYTARA
HoBepxXHoOCTL S
rjae
Quuyry= q. - (4.36)
syre BH)%H S !

Ecnn M onmmesiBaeM pacmolioyKeHue 3apsajoB HA A3BIKE IJIOTHOCTH
3aPAMIOB P, TO MBI MOYKEM CYHMTATH, UYTO KUMKW OECKOHEIHO Majnii
o0seM dV comepmur «rogeunniity 3apar pdV. Torma cymma mo sceMm
3apANAM ecThb HHTer pa

Quuyrp™= S pdv. (4.37)

O0bem
BHYTPU S

W3 mamero BhBOga BHAMO, 4TO 3akOH ['aycca BHTeKaeT 3 TOTO
$akra, UTo mOKasaTelb CTeNEeHHM B 3akome KyJoHA B TOYHOCTH
paser nsyMm. [Tone ¢ sakomom 1/r3, ga u mwobGoe nome 1/r* ¢ ns%2,
He npmseno 0W k 3axomy [aycca. 3maumr, 3axou I'aycca xax pas
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pupaykaer (Toabko B Apyroil dopme) saxom cma Kymoma, meii-
CTBYIOIMX MEHAY AByMA 3apagamu. [elicteuredbHo, OTIPABIACH
or 3akoHa l'aycca, Mo:Ho BelBecTH 3axkoH Hymaoma. Ofa oHE co-
BEpIIEHHO PABHONCHHH 0 TOTO MOMEHTA, IOKA CHJIK MeIY 3apsfi-
faMd HeHcTBYIOT PAZUAIbHO.

Temepsr Mu XoTmM 3anmcaTh 3axon I'aycca Ha A3HKe HpoH3-
BOgHHX. YToOH 3T0 cflelath, IPAMEHAM €ro K IOBEPXHOCTH Oec-
KOHEYHO MaJjoro Ky6a. B ru. 3 Mo mokasanu, uto motox E m3
Takoro Kyba paser pgueepremnuz y-E, moMuomennoil ra o0meM
dV ry6a. 3apag saytpu dV mo onpefeinernsio p paper pdV, Tak uTo
saxon l'aycca paer

pdV
v-EdV= o
HIN
V.Ezeﬂn. (4.38)

Hudpdepernuanbras dopma zaxona I'aycea ~- 970 nepsoe U3 HAUINX
¢yHZAMEHTATBBHX ypPAaBHEHHH TOJA B DIEKTPOCTATHKE, YpaBHEHHE
(4.5). Mu Temepp moxasanm, 9T0 ABA YPABHECHHA BICKTPOCTATHKH
{(4.5) m (4.6) sxBEBaneHTHN 3aKOoHY.cminl Kymona. PasGepem ofmu
TIpuMep npuMeHeHHUs 3akona I'aycca (gpyrue mpuMeps GymyT pac-
CMOTDEHH IIO33Ke).

§ 7. Hoae saparcennoso wapa

Opioit M3 caMBIX TPYAHHEIX 3a7a4, KOTOPYI IPALLIOCH HAM pe-
MAaTh, KOTAA MH H3YYJIM TeOPUO IPABRTANHOHHOTO NPHTSKEHNA,
6bLI0 JokasaTh, WTO CHAA, CO3ABAEMAas TBEPHHIM IDAPOM HA €ro
TOBEPXHOCTH, TaKas jxe, KAk ecam OH BCe BEmECTBO mapa OEIO0
CKOHIEHTPHPOBAHO B ero nentpe. Muoro ger Heiorom me pemancs
06HAPOIOBATh CBOI0 TEOPHIO TATOTEHHSA, TAK KaK He ORI yBepeH
B npaBmwiIbnHoCTH 9TOH TeopeMsl. Mul goxasanz ee B phm. 1, ra. 13,
B3fIB WHTErpaj NI HOTEHNHWANA ¥ BHUMCIAHWB CHNY TATOTEHAA OO
rpaguenty. Teneps 3Ty TeopeMy MBI MOKeM JOKA3aTh 09eHb IPOCTO.
Ho Ba sToTr pa3 MH JoKaKeM HE COBCEM ee, a CXOIHYI0 TeopeMy Aisd
OTHOPOXHO 3apmKeHHoro siaexrpwiectsoM mapa. ([Tockomsky sa-
KOHHL BJIEeKTPOCTATHRE ¥ TATOTEHHSA COBIOAJAIOT, TO TO e HOKasa-
TEJNHCTBO MOKeT OHTH IPOBENEHO U NS MOJA THAIOTEHUS. )

3agaguM BODPOC: KarkoBo 3JexrTpmueckoe moxe E B roare P
rre-To cuapys;kd cepsl, HANOAHEHHOR OFHOPOAHO PaCIpeNeieHHbIM
sapagom?Tar Kax 3ech HEeT «BHASIEHHOT 0% HAIPABJICHHSA, TO 3AKOH~
HO MONYCTHETH, 970 E BCiofy HampapieHmo mpAMO OT IeHTpa cepsi.
Paccmorpam BooGpamaeMyo ceprdeckyn moBepXHOCTh, ROHIEHT-
prdeckyi co chepoil sapsgoB ¥ HpOXomAmy depes Todry P
(dpur. 4.11). Qnna a7oit cepH DOTOK HAPYKY PaBeH .

VE,da=E 4nRe,



@ uez 4.11. ITpumenenue sakrorna
Taycca dasn onpedeserus noas odHo-
POOHO 3apAJNCEHH020 WADPA.

1 — pacnpedesenue 3apsda Q; 2 — eayc-
coea nosepxHocmd S

Baxon Taycca yTBep:KaeT, 90 3T0T HOTOK PaBeH CyMMApHOMY 3a-
papy chepsl Q (leTeRHOMY HA &y):

E4nR*=2
&g
Il ’ Q \
Eepe 2! (4.39)

a aT0 Kak pas ta GopMyia, KOTOpas HONYYHIACh OB [JIA TOTed-
goro 3apana Q. Mu pemmin npobremy Heorona mpome, Ges un-
rerpana. KoHegno, 8T0 Kaykymagcsd OPocTOTa; BAM HPHUONIOCH 3aT-
paTHTh KaKoe-TO BpeMsA Ha To, IT0OH pasobpartscd B s3akoHe I'ayc-
ca, W BBl MOJKEeTe AyMarh,UTO HA CAMOM fieJie BpPeMsA HECKOJBKO He
cokoHOMIeHO. Ho ROT[A BaM HPHIETCH YacTo OPEMEHSTH 3Ty Teo-
peMy, TO oHA mpakTEdeckm ORymurcA. Bce jemo B mpusmuKe.

§ 8. Junuu noas; oxeuUnomeHyUaILHLE
NOCEPXHOCITNU

Teneps ME cO0MpaeMcs [aTh F€OMETPHIECK0€ OIMCAHTE DIIEKTPO-
CTaTHYECKOT'0 MOMIA. []Ba 3aKOHA SIIEeKTPOCTATHRYE: OfIH — O IIPOXIOP-
LEOHATBHOCTE IOTOKA ¥ BHYTPEHHEI'0 3apAfa W JPYTOX — 0 ToM,
970 BIEKTPHIECKOE MOJIe eCTh TPAMAMEHT MOTEHIEANA, MOTYT TaAKMe
OHITH M30GPAKEHN reoMeTprIecKky. MBI IpOmIII0CTPAPYEM 3T0 ABY-
M IIpEMEpaMH.

Ileprriit mpuMep: Bo3bMeM moJde TodedHOTO 3apana. IIposegem
NFHAY B HANPABICHAYW LOJH, KOTOPHE TOBCIOY KACATNbHN K BEK-
topaM noius (¢ur. 4.12). VIx maswsaior sunuamy noss. Jiunan nona
BCIOY UOKA3HBAIOT HAUPABIEHEE SJIEKTPHIECKOTO BeKTopa. Ho,
KPOMeE BTOT0, ME XOTHM %306 pas3uTh ¥ A6CONOTHYIO BeIMINHY BEKTO-
pa. Mo:xHO BBECTH TAKOE MPABKIO: YCTh HAPSHKEHAOCTD BIIEKTPH~
9eCKOTO OIS DPeACTABISAeTCH (IIOTHOCTBIOY jguHmit, I[lof sTtuM
MHI IOPa3yMeBaeM Y@CIO JIWHEHA HA eNUHUINY ILTOMAAY, lepueHIH-
KyunspHoi nuauaM. C mOMODIBI0 BTHEX JBYX IPABHI MH MO;eM Ha-
9ePTETh KapPTEHY dIexTpudeckoro wonsA. [lag rodednmoro sapsAna
IVIOTHOCTH JHHAR AomKHA y6sBarh Kak 1/r%. Ho mnomags cdepu-
9eCKO} HOBePXHOCTH, IePHEBAUKYAAPHON K IXHAAM HA BCEX pPaguy-
cax r, sogpacmaem Kak r¥, TaK 4TQ eCI¥ MH COXPAHUM BCIOZY, HA 8cex
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pacCTOABMAX OT WEHTpa, 00HO U MO e YucA0 JTUBMH, TO UX niom-
HOCMb OCTAHETCA NPOMOPIMOHANBHON BeMwdrie moias. Me MoskeM
rapaHTEpPOBATh HEM3MEHHOCTh IACHA JUHAY HA BCEX PACCTOAHUAX,
ecan 00ecIeTnM HenpepHsHOCb TRAEH, T, €. 6CIAE YK JIUAAS BHOLIA
W3 3apsaja, To OHA HEKOTa He Kowaures. Ha asnike nunugit mons 3a-
woH I'aycca yrsepxjaer, 9TO AWHEM MOTYT HAYEHATHCH TOABKO
B NIOC-3apAfaXx M KOHYATHCA TOABKO B MEHYC-3apsfax. A gmcno
nuRuil, nokudawowux 3apAr ¢, FOIKAO GHITH PABHO g/g,.

CxofHyI0 TeoMeTpHIeCKY0 RAPTHHY MOKHO OTEICKATH W MJIA
norernmana ¢. lipome Bcero maoGpakars ero, pucys moBepXHOCTH,
Ha KOTODPHX @ mocTosiAHO. VX HABHBAOT IKEUNOMEHYUAALHOLMU,
T. €. DOBePXHOCTAMM ONWHAROBOTO moTeHnuama. Hawrosa reomer-
pAUecKas CBf3b HKBELNOTEHIHAJIBLHBLIX NOBEPXHOCTEH ¥ JHHHIT
noaa? SIEeKTPHIECKOe MoJe ABJIAECTCA TPAZHEHTOM IOTEHIHATA.
I'papgment panpaBiaeH no caMoMy GHICTPOMY H3MEHEHWI) IOTEHITEATA,
TOSTOMY OH NEePUEeHANKYIAPeH K SKBANOTEHI[MATbHOH OB PXHOCTH .
Ecnn 651 E e 610 mepHnengukyispHO K MOBEPXHOCTH, ¥ HETO CY-
O{eCTBOBANA Obl COCTABIHIONIAA 6004b IMOBEPXHOCTH ¥ IOTEHIAANT
E3MeHsJIcA OB B0 MOBEPXHOCTH U TOIVIA HeJh3A OslI0 OH cYATaATDH
ee DKBUIOTEHIIAADHOR. JKBHIOTCHI[MATBHE TOBEPXHOCTH FOJIK-
HEl HO3TOMY HEIPEeMeHHO BCIOLY TPOXONUTEH MOueper JHHAH IexrT-
PAYECK OO IOJIA.

Y O0THenbHO B3ATOT0 TOYCYHOTO 3apALA HKBANOTEHI[MATHHEIS
moBepxHOCTE — 370 cdepsl ¢ 3apagoM B medatpe. Ha ¢ur. 4.12
IOKAa3aHOo Iepecedenne 9TUX cep ¢ IIOCKOCTBIO, HPOBEeHHON de-
pea sapAapn.

B wradecrse BTOpOTO mpEMepa paccMOTpuM mone OMu3 [BYX
OJMHAKOBHX 3apAZOB, OJHOTO IO OKUTEIBHOI0, & APYroro orpm-
UATEJIBHOTO0. JTO MOJIEe HOAYYETH Jerko. 310 Cynepnosduusa (Haxo-
yKeHWe) IOJIel KaXK/0r0 U3 3apAH0B. SHAUUT, ME MOYKEM B3ATH ABe
KapTHHRE, HoXo:Kue Ha ¢ur. 4.12, W HATOKHUTH WX... 'HET, 370
HeBoaMOkHO! Tormga momyamines OH Hepeceraloninecs JHHHH O A,
a aroro GHITH He Moer, moroMy 4ro E He MoKer mMerh B OJHOI
ToaKe deyx nanpasiaenuii. Heyzo6eTBo KapTREH JTHANE 004 TEIEPh
cranopuTea odeBaaHnM. C mOMONIBI0 IeOMETPIIECKEX pacCyRASHRH
HEBOBMOKHO B IPOCTOH (opMe IpPOoaHAIHM3EPOBATH, KyZa HOURYT
HOBHE JEHMK. VI3 JBYX He3aBHECHMMHIX KAPTEH HEJIb3S MOIYIHTH HX
coyeranue. [TprHENMD HaMoKeHns, CTOXE TPOCTOI ¥ NTYyGOKRIL IpPHH-
OO TEeOpWH 3JIeKTPHIeCKWX Mmojeil, B KapruHe HOJISBHX AHBHA
HE WMeeT OPOCTOr0 COOTBETCTBHSA.

Kaprmna mojessix J@HWii BCe ke MMeeT CBOIO 00JacTh HpHEMe-
HIAMOCTH, TAK ITO Ml MOKEM BCe jKe 33X0TeTh HaYePTUTh 9Ty Kap-
THHY [Jig nape PaBHBX (¥ IPOTHBONONOKHEX) 3apAmoB. Ecom mu
BHYMCAEM NONA W3 ypasmenus (4.13), a morenimann ma (4.23),
TO CyMeeM HAYePTATh ¥ JAHEA 10JA A sKBunorenumann. Our. 4.13
JeMOHCTPHPYeT 9TOT pesyabrar. Ho cmepsa mpHmnioch pemwuth 3a-
Aaqy amadmrmdecku!



T'nasa 5

INPUMEHEHNA 3AROHA T'AYCCA

§ 1. Baexmpocmamura—amo ecmo
saron I'aycca nawoc...

CymieeTByIOT JBA 3aKOHA DIEKTPOCTATURIH:
TOTOR DIEKTPHYECKOTO HOJIS M3 00beMa IPOomop-
NHOHAIeH 3apsAAy BHYTpH Hero — saron laycca,
H INUPKYJANES DIEKTPEYECKOr0o TIOJSA paBHA
nyaio — E ects rpagment. Vs atux nByx 3akoHOB
ClefiyI0T BCe HpeACKasaH@a djaexTpocrarmiu. Ho
O[O [eJ0 BHICKA3aTh 3TH BeN[d MATEMATHICCKH,
W COBCEM [pyroe — OPUMEHATHh HX ¢ JerkROCTHIO U
¢ Hy)RHOI pmoseil ocrpoymua. B aroii riase Mul
OygeM 3aHMMAaThCA TOJABKO TAKAMH pACYSTAMH,
KOTODHIe MOTYT GHITh IPOJEIaHK HEnOCPeCTBEHHO
Ha OCHOBe 3akomHa l'aycca. MH moxaskeM HeKo-
TOpHE TEOpeMBl W ONHIIEM HEeKoTopsle BPPerTsl
(8 9acrEHOCTH, B OPOBOJHEKAX ), KOTOpHE Ha
ocnose 3akona ['aycca oueHb Jerko monatb. Cam
o ceGe zaron l'aycca He MoieT HaTh pelleHAA HYE
OIHOI 3ajauyd, MOTOMY 9TO FOJIRHLI GHITH BBIIOJ-
HeHH ¥ KAKWe-TO ApyTHue 3aKOHH. 3HAYET, IPEME-
Haa sakom l'aycca K pemeHMio 9acTHHX 3amad,
HY;KHO Beerjga K HeMy 4ro-1o0 pmofGasasarb. Mu
JOJKHE, HAIpAMEp, 3apadee JHeNaTh KAaKHE-TO
TPENIOIOMKEHNS 0 TOM, KAK BHTAAAMT IOJIE, OCHO-
BHBAsCh, CRA)KEM, Ha COOOpayKeHMAX CAMMETPHY.
WUnn gommnan GymeM 0co60 BEOAATD MpefCTaBICHNe
0 TOM, 9TO TOJE €CTh TpAfWEHT MOTeHIHaja.

§ 2. Pasnogecue 6 saexmpocmamuneckon
noae

PaccMorpuM cHawasa ciaegyomui BOIPOC: B
KAaKWX YCIOBMAX TOYEUHHH 3apspy MoeT Opelsi-
BATh B MEXAHWYECKOM DaBHOBECHZ B BDIEKTPHYE-
CKOM moJie Jpyrux sapsgos? B xauecrse mpumepa
npejcraBaM cee TPE OTPHUATENBHBIX 3apsAga B
BepIIZHAX PAaBHOCTODOHHETO TPEyrolbHEKA, Pac-
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9TO eCTh 3AKOH
Iayeea maroc...

§2.PaBuosecie
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€ HPOBORHHRAH

§4.Y croitumsocTs
ATOMOB

§5.Ilone sapsmxenuofi
NpsAMON JAHHAN !

§6.3apsrennan
IIOCKGCTE;
napa HIGerocteil

§7.0puopopguo
3apsoReHULIl  map;
sapsmKennan cfepa

§8.Toyen am saxoH
Hymxoua?

§9.Hoaxa mnpoBomunxa
§10.Iloxe BuyTp:
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Que §1. Ecau 6u mouka Py om- PERAN AN
MEUALA NOAOKHCEHUE YCMOUNUB020 PAs- ,\ \
HOGeCUR NOAOICUMEbH 020 3apsada, )
mo saeEkmpuneckoe nose noscrdy 6 ee ’ p 4/}
oxpecmuocmu 6uao 6t HANDPABACHO

5D, L—Boobpamaeman

\ p ﬂ(JHEpXHDL‘/IIII,
j ORpYKarowas P

IO O/EeHHOTO B TOPH3OHTAIBHOR miIockocrd. Ocramerca Jm Ha
CBOEM MECTe IONOKUTEIBREN 3apAf, DOMENeHHRH B ILEHTP Tpe-
yronpamka? (Jl1s mpocTorH TAMKECTHIO HpeHeGpeskeM; HO H yder
ee BINAHNA He H3MenwT BHBOZOB.) Cmia, meficTBymomas Ha IIOJO-
JRETeJABHEIH 3apAf, paBHA HYJNI0, HO yCTONIMBO M 3TO PABHOBE-
cze? Beprerca nu 3apag B DON0KeHWe PABHOBECHA, €CIAH ero 4yTh
CABEHYTH ¢ »TOT0 Mecra? OTBeT INIaCHT: HeT.

Hu ¢ kakom BIEKTPOCTATHYECKOM TOJNe HE CYMECTBYST HUKAKUL
TO4eK YCTOIUEBOIO DABHOBECHSA, 3a HCKIIOTICHEEM CIydas, KOTfa
3apsaasl cupar apyr Ba gpyre. llpumenss sarkon Taycca, nerxo mo-
HATH modeMy. Bo-mepseix, 9T0o0H 3apaj mpedsBaT B PaBHOBECHN
B HEKOTOPOil TouKe F,, moie B Hell JONKHO OBITH PABHO HYJIO.
Bo-Bropurx, aro0u pasHoBecHe OBII0 Yy CTORTUBHM, TPEGYETCs, 9TOGH
cMemieHme 3apana us Py B 406y0 cmopony BHZHBAIO BOCCTAHAB-
IHBAOMYI0 CHAY, HAUPABICHHYI0 MOPOTHB CMemeHdsA. BerTops

 QIEKTPAIECKOTO MO BO 6ceX OKPECTHHX TOYKAX JOJKHBE IOKAa3hl-
BaTh BHYTps — HA T0IKY P,. Ho rak merxo Bujers, 370 Hapyuiaer
saron l'aycca, ecnim B P, Her 3apajga.

BosbMem meGoabmryio BoobpamaeMyio DOBEPXHOCTh, OKPYKAI0-
myto Toury P, (Pur. 5.1). Ecnr mosciony BOnusu P, snekTpaueckoe
1moJe HanpaBledo K P,, ToO MOBEeDXHOCTHHH WHTETPAT OT HOPMAIb-
HOIl cocTaBiIsAONIeN ompeneeHHO He paBeH Hyaw. B ciayuae, #306-
PUKeRHOM Ha $UType, MOTOK depe3 MOBEPXHOCTH JOMHEH OBITH OT-
punartelbAEEM umciom. Ho, comracmo saxkomy Iaycca, moTok
3JIeKTPUIECKOTO MOJNA CKBO3b JNI0GYI0 TOBEPXHOCTH HPOIOPLHOHA-
JeH KOJMYeCcTBY 3apafga BHyTpu Hee. Eciam B P, Her sapsapa, TO
m3obparkeEHOe Hamy moje HapymuT 3akoH I'aycca. YpaeHOBeCHTDH
HONOKATENBHHIN 3apAy B OyCTOM NPOCTPAHCTBE, B TOYKE, B KOTOPOMH
HOT KaKOoro-Hubyab OTPHEIATEIHHOT) 3aPALA, HeBo3MO:HO. Ho ecin
TIOJTOKUTETbHR 3apAK pasMenien ¢ Yewmpe paCUpefeeHHOro OT-
PUIaTeIBHOTO 3apAfa, TO OH MeJcem HAXOMUTLCA B PaBHOBECHH.
Hormegno, pacmpepemenme OTPEIATENBHOIO 3apAfa MOMKHO CaMO
VAep:KUBATHCA HA CBOEM MeCTe HOCTOPOHHWMH, HE3IeKTPHEIeCKUMU
cusramu!

JTOT BHBOA MH Hmpofgedandm Aia Ttoweanoro zapsapa. Coburo-
HAeTCs NH OH JAS CHOMHOI PACCTAHOBKH 3aPANOB, OTHOCHTEIbHOS
PACION O}KEHH® KOTOPHX 4YeM-TO (HKCHPOBAHO (CHAMKEM, CTEDsK-
namm)? Pasz6epem sror Bompoc Ha IpEMepe JIBYX OJWHAKOBHIX
3apAfOB, 3aKpeIUIeHHHX Ha crepkae. Moxer au sra xoMOwHAIUA
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D ue 5.2. 3apsd moxcem Gwmb 6 pasHosecuu,
ecaAU UMEIOMCA METAHULECKIUE 02 DANUNEHUR,

B KAKOM-TO 3JIEKTPHYECKOM ToJe sacThith B pasmopecun? W omsrs
orser rxacur: Her. Cymmapras cuia, ZeHCTBYIOUIAA HA CTePHKeHb,
He cmoco0HA BO3BPAIATE €10 K IONOKeHAI PaBHOBeCHs Npa J100bX
HAIPABIECHEAX CMeINenus.

O6GosnauuM cyMMapHylo cmay, AeHCTBYIOI(y HA Crep/eHb
B mioGoMm nonoxkennn, Oyksoit F. Torga F — 710 BekTOpHOE MOIE.
llonropssa Te ;e paceymuenns, 9T0 ¥ BHINe, MBI IPENEM K 33KIIO-
9eHHI0, YTO B MOJOKEHUH yCTONYMBOrO PAaBHOBECHS HRHBEPTEHIUSA
F pommma Ouirp wHmCaOM OTpPHIATeNbHEM, Ho cyMMapHas cmia,
AeiiCTByOmAaA Ha CTePHeRb, PaBHA NPOM3BeeHHI0 IEPBOro 3apAfia
Ha [oJe B TOM MeCTe, THAe OH HAXORHTCH, IUFIOC MIPOUSBEREeHHe BTO-
POro 3apsfa Ha IMOJie B TOM MeCTe, Ie OH HAX OFUTCH:

F=q,E; 4 ¢,E,. (5.1)
Husepreanus F paerca smpamennmen

v-F=gq,(v E)+ ¢, (v-E).

Ecnu rakanit m3 ABYX 3apAfoB ¢, B ¢, HAXOIMTCA B CBOOOZHOM
npocrpancree, 70 1 - E,, n y-E, pasan aymro, n y-F Tose ByNb,
a He OTPHIATENBHOE YHCIO, KAK JOKHO OHITo OH OBITH HpH paB-
nopecun. [lanvHelimee paciimpeHwe 3TOro HOKas3aTelbCTBA IOKA-
sKeT, 9TO HUKAKAfA eCTKad KOMOMHALHSA JIOGOro 4@cia 3apafoB
He CHocoGHA 3aMepeTh B MOJOMKeHWE YCTOMIMBOro paBHOBECHS B
BITEKTPOCTATHYECKOM II0Ji€ B IyCTOM LPOCTPAHCTBE.

Ho met He cobmpaeMcs HOKa3HBATH, YTO €CHH 3aPAX MOMKET
CKOIB3UTh IO CTeDHHAM WJIN ONAPATHCA HA APyr¥e MeXaHmdecKue
CBA3M, TO DaBHOBECHE BCe PABHO HEBO3MOyKHO. JT0 He Tak. BoabmeM
Ui mpuMepa TpyOKy, B KOTOPO# 3apsA MOKEeT CBOGONHO ABATATHCH
pHepers ¥ Hasax (HO He B CTopoHy). Temepb JeTKO yCTPOUTEH JIEKT-
PUUECKOE [oJe, KOTOPOe Ha KOHIAaX TPYyOKHM HANpaBIeHO BHYTPH
nee (mpu. 3ToM Gams meutpa TpyOKE emy paspemaercs Obith Ha-
IPABICHHHM HAPYIKY, B CTOpoHY). [[J1s1 9T0r0 HaZO HPOCTO NOMECTATH
110 IO O/KETEIBHOMY 3apAAY HA KHKAOM KOHNe TpyOwu (pur. 5.2).
Tenepdb roura paBHOBeCHS CYIIECTBYeT Jaske B TOM Caydae, Korpga
aupeprennus E pasma wymio. Homewno, 3apsAp He orasanes 6w
B YCTOHYMBOM DABHOBECHH, ©CIH OBl He «HEINEKTPUIECKHE» CHIHL
OT CTEHOK TpyOKH.
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§ 3. Pasenosecue ¢ nposodHuxany

B cucreme B3aKpemieHHHIX B3apANOB YCTOWYMBOrO Mecra MAA
npoGuoro zapana Het. A Kax 06CTOUT AET0 C CECTeMON 3apSyKeHABX
nposopunKos? Moxker nu cucTeMa 3apAKeHHNX IPOBOJHUKOB CO3-
JaTh TWOJNe, B KOTOPOM JUIA TOYEYHOIO 3apAAA XOTh INe-HUGYAb
maliferca ycroitamsoe Mecreuxo? (HoHeuHo, mMeercsi B BHAY He
MECTO Ha IMoBepXHOCTE mposojamka.) Bu 3maere, 4T0 IpOBOTHHKM
XapaxTepHs TeM, 9TO 3apANH IO HEM MOTYT ABHETATHCS CBOOOHHO.
Mosxer OniThb, ecli@ 9yTh CHBUHYTH TOUEYHHH 3apsan, TO Ipowude
3apAgsl HA OPOBOJHAKAX TAK CMECTATCA, 9TO HA TOYEYHBIH 3apAf
HaumeT feiicTBOBATh BoccramapimBaoomas cwiaa? OTBer mO-Ipek-
HEMY OTPHIATEIbHKK, X0TH U3 NPUBEIEHHOI 0 HAME [OKA3aTeJbCTBA
HTOTO BOBCE He clieflyer. B aroM ciaydae J0oKasarelbeTBO CIOMKHEE,
X MH TOJBKO HAMETHM €ro XOf.

Bo-mepsrix, mMm samegaeM, 9ro KOrja 3apsfsl Depepacupefe-
JATCA TO HPOBOJHUKAM, TO 3TO BO3MOMKHO TOJBKO TOIZA, KOT7a
0T ¥X ABEKEHHS X CyMMapHAs IOTEHIWAaJbHas dHEePrHd COKpa-
miaetes. (Hacrh uX sHeprum, KOTZA OHH JIBIDKYTCA OO IPOBOJHUKY,
TePeXOgUT B TEIUIO.) A MK yKe HOKA3aJIH, 4T0 KOTJA 3apaAnH, CO03-
DA0MEe mode, Cmayuonaphu, T0 BOnmsd mwoGoi rouku P, B KO-
TOPOil MoJe pPaBHO HYyI0, CyNIeCTBYyeT HampaBlIeHZe, B KOTOPOM
CMemeHre TOYETHOro 3apafa us P, yMmenbwium 9SHEPIEI0 CHCTEME!
(rar rak cmna pampasaena or P,). Jlio6oe mepemenierme s3apazfos
IO MPOBOJHUKAM MOMKET TOABKO emie Goablie CHHBUTH WX IOTEH-
UZATbHYI0 BHEPIHMI0, Tak 9T0 (N0 TPWHIEOY BUPTYaAbHOH pabo-
TH) WX [BIKEHEE TONBKO YeeAudum CHIY B 3TOM YKa3aHHOM
HaOpaRJIeHNA, HO HAKAK He oOpartdaT ee 3HAK.

Hamn crmosa He o3mauaroT, 9410 3apaAn HeB03MO}KHO ypaBHO-
BECHTH HITEKTPHYCCKEMH CHJIAMHA. JTO MOMKHO CHeNaTh, €CIH cCIe-
NAVIBHHME yCTpPolicTsaMH KOHTPOJHPOBATH pacHolOKeHHe HIAH
pasMep HOAjep:KEBaeMuIX 3apaAfnoB. BH ke 3Haere, 94TO Crep:KeHb,
cToAmEil B I'PDABHTAIMOHHOM II0J6 HA CBOEM HIGKHEM KORIE, He-
yCTOYMB, HO OTCIONA HE CIefyeTr, 9TO ero Helb3sd YpaBHOBECHTH
Ha KOHYWKe manbpa. ToYHO Tar K€ W 3apfj MOKHO yAep)KaTh Ha
OHOM MeCTe ¢ IOMOUIHI0O OFHHX TOJBKO JIeKTPHIECKUX CHJI, eCAM
BOBpeMH M3MEHATH dTH cuiIsl. Ho 5TOro Heanssa ceaarh ¢ MOMOINBIO
NaCcCUBHOW, T. €. CMamu4eckoll, CUCTeMH CWJI.

§ 4. YVemotiwueoems amomos

Pa3 3apsagn He MOTyT MMeTh YCTORYMBOrO IO OYKEHNS, TO, PA3y-
Meercs, HeIPABUIBHO I PEJCTABIATH BENIECTBO MOCTPOCHHRIM U3 CTa~
THICCKUX TMOYeUHHL 3aPAL0B (SIEKTPOHOB W IPOTOHOB), yHpaBige-
MEIX TOJBKO 3aKOHAMH DJAEKTPOCTATHKH. TaKas CTaTHYecKas KOH-
durypanus memmiciuma, ona oGBammresl
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Duez 53 Tomcornoeckas moderw
1 amoma.

1 — 00HopodHO pacnpedesennviil noaorcu-
mestonbil 3apad; 2 — ompuyameavHuil
L 3apal, CEONYEHMPUPOGAHHBIL 68 YeHmpe.

B cBoe ppems mpepmaraioch CUMTATH MOJNOKUTENBHHIE 3apsaf
aToMa pacopeeJeHHEM OFHOPOIHO IO MIAPY, 4 OTPHIATE]NbHEE
3apANH (MWIEKTPOHH) MOKOATMMECH BHYTPH IIOJOKATEIBHOIO 3a-
paga (gumr. 5.3). Iro Gmua mepmast aTOMHASL MOJENb, NPeIOHeH-
nag Tomconom. Ho Pesepdopn us ommra, npopenansoro Ieiirepom
n MapcpenoM, cmenan BEIBOJ, YTO MOJOKETONbHBE 3APAAE OYeHb
CHJBHO CKOHIEHTPUPOBAHKL M 00Pa3yioT TO, 9TO MH HASHIBAEM SIIPOM.
M cratumgeckyio mogens ToMcona nprnLIocsk oTcTaBuTh. 3ateM Pesep-
¢opz 1 Bop mpeanmomomuan, 9T0 paBHOBECHe MOKeT OHTH IHHAME-
9YCCKMM — 3JIEeKTPOHH ofpamiaorca mo opdmram (dur. 5.4). Opbm-
TAJZbHOE [JBWHKEHNEe B HTOM CIydYae yOEP:KUBATO Obl SJIEKTPOHHEL OT
majlenus Ha si7po. Ho ME ¢ BaMy 3HAKOME 10 KpaiHell Mepe ¢ of-
HOIl TPYAHOCTBIO, BOBHAKAKMEH M NpH TAKOM IPEfCTABICHHE 00
arome. Ilpu mpmwensn mo opOETAM BIEKTPOHE YCKOpPAKTCA (B3-34
BPamaTeAbHOT 0 IBMKEHNA), ¥ T0ITOMY OHHE E3IYJIATIX Ohl HHEPTHIO.
ITpm 5TOM 0HE HOTEPAIT KUHETHIECK YO SHEPTRI0, He00X OEMYIO I
TOro, 9T06H OCTaThCs HA OpOHTAX, W OHE HO/KHHE OYXYyT magaTh,
JIBUTafACh IO CONpPATH, Ha AAPo. OmATh HeyCTOHYMBOCTD!

Celigac cTaGmiIbHOCTh aTOMa OOBACHAETCA ¢ NMOMOIIBI0 KBAHTO-
BOIl MeXaHHKW. JAEKTPOCTATAIECKHAE CIJIH NPUTATHBAKT BIEKTPOH
K S[py HAaCKOJBKO 5T0 BO3MORIO, HO DIEKTPOH BHIAYKIEH OCTa-
BATHCA PA3MAa3aHHRIM B HMPOCTPAHCTBE HA PACCTOAHMH, JUKTYEMOM
OPUHIENOM Heompexgedenmocr#. Ecaw OH OoH gepikancd B OYeHb
Y3KOM OpoCTpancTse 0.I@3 Axpa, y Hero 6muia Ol Goabmas Heompe-
JeJleHHOoCTh B uMOyibce. Ho 510 osmavano G, 4TO ero o;RugaemMas

Due 54. Modeaw amoma Pesep-
dopda—FBopa.

1 — noaoxcumeadvrsvie A0pa e Yyewmpe;
2 — ompuyamenbrbie gACKMPOHB HA NAQ-
HemHWX opbumax,
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DHEPrA BHCOKA W Mo;KeT OHTH HMCIOOAB30BAHA NI TOTO, ITOGH
Pa3opBarh dIeKTPEIECKoe IpHTAKenne AApa. Buxogar, 9o B mro-
Te BJIEKTPHYECKOe PABHOBECHE He CIMIIKOM OTAXIAETCA OT HAEH
TomcoHa, HO TONBKO HA 9TOT Pa3 PasMa3aH OMPUYAMEAbHHLL BAPAN
(moroMy 4WTO Macca 3JeKTpOHA HECPABHEHHO MeHBIIe MAaCCH OPO-
TOHA).

§ 5. IHoae zapsancennoti npamoit aunun

Saron Taycca Mosker OHTH NPAMEHEH JJIH PEMIEHAS MHOMAKECTBA
3a7a7, CBABAHHHX C JIEKTPHISCKEAM [oJeM, 00 aaloniuM CIieIalb-
HOll cuMMerpuell (zame Bcero cepwdeckoll, nUAMHAPEICCKON HIH
niaockoi). B ocrasmelics gacTa 3T0il INIABH MH 3aiiMeMCA IpuMe-
HeHEeM 3aKOoHA l'aycca K HEKOTOPHIM 3ajadaM mogobGHOTO popa.
Jlerkocrdb, ¢ KoTOpOIl GymyT PEmATHCS BTE 3aHAYH, MOMET CO3GATH
omuboYHoOe BHEYATIIEHEE 0 MO METO[a @ O BO3MOKHOCTE C ero
HOMOMIBIO TepeiiTd K pelIeAdio MHOTHEX Jpyrmx sazad. K comxadne-
HuI0, 570 He Tak. COMCOK 3aa4, JerKo penlaeMux mo saxkony I'ayc-

«~C8, OHCTPO mcuepmeiBaercsi, B gajdbHEHIIAX INTaBaX MH PazoBBEM
"Kyma Goiee MOIIHBIE METONH HCCIELOBAHAS 3JIEKTPOCTATHICCKHX
noaei.

B rauecrBe mepBoro mpmMepa pacCMOTPHUM CHCTEMY € IIJIHHA-
puieckoil cammerpumeii. Ilycts y Hac mMeerca pawmHAA-mIRHHAA
paBHOMepHO 3apsa:kenHas cumuna. llom araM M mommMaeM 3aeKT-
pugecKye 3apsAgsl, PABHOMEPHO pacupefieleHHHe L0 HJI@HE 0ecKO-
HEUHO JJAMHHOE MpAMOH, TAK 9TO HA eJUONLY IIEHH OPEXOJATCH
sapAg A. Mer xotmm ompepenuTh 3eKTpEueckoe mode. Homeuno,
3a7a9y MOKHO peniurbh WHTeIPEPOBAHEEM BHKIAZOB B IOJE OT BCEX
gacreit upamoii. Ho Mur co6upaenca pemuTh ee (e3 MHTETpEpOBa-
HEA, TOJIBKO ¢ TOMOmBI 3akoma I'aycca @ HEKOTODHX [OTafoK.
Bo-meperix, JerKo [OragarbCsa, 4TO AICKTPHYEcKoe Iole Gyher
HAIPaBJIeHo UO paguycy. JI060i oceBoi COCTARIANME OT 3apA0B,
JeykamuX ¢ OfHON CTOPOHK 0T HEKOTODOU IIOCKOCTH, AOKHA OTBe-
9aTh TAKAasd JKe 0CeBas COCTABISIONMAA OT 3aPANOB, JGKANUX € APy-
roi ¢cTopoHH. B @rore HOKEO 0CTATHCA TOJILKO PagHAIbHOE IOXE.
Kpome TOro, pesoEHO HmoJaraThb, 9T0 BO BCeX TOYKAX, DPABHOOT-
CTOAIEX OT NPAMOH, WONe XMMeeT OJWHAKOBYI0 BeIHYMHY. ITO

D u 2. 5.5, Quaundpuueckas zaycco-
6a nN0BEPIHOCMb, KOAKCUAIbLHAA 30-
PANCEHHOT npamoll.

1 — eayccosa nogePXHOCMb; £ — 30PA-
HEHHAA NPAMAA,
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ouepugao. (Mosger GrTh, DTO HENETKO [OKasaThk, HO 3TO BEPHO,
€ClH NPOCTPAHCTBO CHMMETDHYHO, 4 ME CYMTAEM, 4TO 9TO TaK.)

Ilpumennts 3akon I'aycca MoskHO ciaemyomzM obpaszom. Boob-
pasum ceGe MOBEPXHOCTh, HMEIIy0 (GopMy UEIHHApaA, OCh KO-
Toporo copmajaer ¢ pameid npamoi (§ur. 5.5). CormacHo saxomy
Taycca, Bech morox E m3 5T0H m0BEePXHOCTH PaBEH 3apAAY BHYTDH
Hee, ICMeNHOMY Ha £, Pas moje CIATaeTcA HOPMAJIbLHEM K IOBEPX-
HOCTY, TO €r0 HOPMAaJbHAs COCTABIAIOMAA — 3TO BEJIHUHHA BEKTO-
pa moasa. OGosmaamm ee E. Ilyers pagmyc mmamnppa Gygmer r, a
JJIAHA ero Aiisa yaobGcTea BHOpaHa paBHOH emmmmme. [Joror ckposb
OWIEALPHYECKYIO TOBEPXHOCTH PABEH MPOU3BeAeHuI0 £ Ha miomagb
IOBePXHOCTH, T. €. Ha 2nr. [1oToK Yepes Topuwl papeH HYII0, HOTOMY
970 MOJI€ KAacaTeAbHO K HEM. Bechb 3apaAj BHYTpM Hamell noeepx-
HOCTH PaBeH KAaK pa3 A, MOTOMY 9TO [JIEHA OCH MUIWHpA paBHA
emqmanne. Torga saxom I'aycca gaer

E-2mr=-1
€

A

T 2megr

(5.2)

IeKTpHIECKOe TOJie 3aAPDKEHHOH TpAMoH o0parHo mpomopuHEo-
HaNBHO nepeoli CTeleHy pacCTOAHUA OT MPAMOM.

§ 6. Baparcennas naocrocmv; napa nAOCKOCmeENd

B xagecrse papyroro mpuMepa PAaccYMTacM IOJe€ OXHOPORHO
3aPAKEHHOTC WIOCKOro aucera. llpeamonomuM, 4To JHCT HMeer
GeCKOHETHYHI0 MPOTAMEHAOCTE ¥ 3aPAJ Ha elEHUNY IUIOIAKH PaBeH
o. Cpasy opuxogaT B TOIOBY CleLyioliee COOOPaYKeHNEe: B3 CEMMET-
puM cienyer, 4TO Iojie HANPABIEHO BCIOAY MONEDEK IIOCKOCTH, W
eCAU He CYugecmayem noas om 6cexr NPOYUT 3apadoe 8 mupe, TO MONA
mo ofe CTOPOHH IUIOCKOCTH HOMKHH COBHDAZATH (OO BeAMIHEE).
Ha ator pas 3a rayccoBy moBepXHOCTb M IDEMEM HDPIMOY IO bEB
AWEK, HepeceKanmuil Hamy mrockocers (¢ur. 5.6). Kampaa mz
rpameii, mapajazerbHNX WIOCKocTH, mMeeT mxomagb A. [Tome HOp-
MAQJIbHO K 9THM ABYM T'PAHAM U TapajielbHO OCTAJIBHHEM YeTHPEM.
CyMMapHBZ nOTOK paseH [/, YMHOXeHHOMY HA TWIOMAAb MEepBoOi
rpaug, mwioc E, yMHOKeHHOMY HA INTOMAA6 IPOTUBOIOINOKHON
rpaHy; OT OCTAJbHHX I'paHell HEKAKWX ClaraeMHX He Boiimer. 3a-
PAA BHYTPHM ANMKA paBeH 0A. Y paBpHBas WOTOK € 3apsAAOM, Ha-
nneM :

EA+EA="",
0
OTKYHRA
E :2—-:0 . (5.3)

IIpocroit, HO BaKHHI pe3ynbTAaT.
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D y 2. 5.6, Jaekmpuuecroe noae eo-

aae 00HOPOOHO 3apANCEHHOU RAOCKO-

" emu, Halldenn0e ¢ ROMOUBI0 MEOPEMbL : /|
Taycca, npumensemoii x soobpadcae- \
MOMY AUWUKY

1 — 08nopodHo 3sapaNceHHad NA0CKOCMb;
2 — eayccosa MOEEPXHOCMbL,
]
. !
E,
1
Br1 moMuure, moxer GHTD, 9TO
TOT jKe PesyabTar OmI HONydeH
B IIePBHX IJIaBaX WHTErpHpoBna-

HHUEM TO BCeil MIOCKOCTHA. 3aKOH
Taycca paer orser mamHOTO OHI-
crpee (XO0Tst OH HE TaK UIKPOKO
TPEMEHVM, KaK TPeKadil MeTOoq).

IlogueprseM, 9TO HTOT PEBYIAb-
TAT OTHOCHUTCH MOAbKEO K YOO,
CO3NaHHOMY 3apsfaMu, PasMemieHHEIMH Ha IUIockoctd. BEeaum mo
COCeJICTBY €CTh APyrme 3apsfgpl, 00mee IoJe OJH3 MIOCKOCTHE Obi-
a0 Gur cymmoit (5.3) m moas mpouux sapamgos. 3akoH I'aycca Torga
TONBKO TrapadHTupoBan OH, 910

77

By - Ey= : (5.4)

€

rge E, n E, — mons, HAIPaBIEHHEE HA KAHKMOW CTOPOHE IUIOCKO-
CTE HADYKY OT Hee.

3ajaga 0 ABYX mapalJIebHLIX INIOCKOCTAX ¢ PABHEIME ¥ IpPO-
THBOIOIO;KHEIMH ILIOTHOCTAMYE 3aPAZOB +0 @ —0 pemraercsi Toe
npocTo, eCIM TONBKO CHOBA IIPEAIONOMKATH, 4TO BHENHWI Mup
aGcomoTHO cuMMerpuder. CocTaByTe A¥ BH CYyNePHOSULAI ABYX pe-
TIeHnH JIA OTAENBHHX IUIOCKOCTEH WIW NOCTPOHMTe TayCCoB MUK,
OXBaTHBAOMuEi 00e MIOCKOCTH, B OGOHX CIydasX JETKO BUAETH,
4TO MOJIe CHapycl MIocKocTed pasHo Hyxo (Pur. 5.7, a). Ho, sax-
AI09NB B AMMK TOABKO OFHY WIA TOJIBKO JPYTYI MOBEPXHOCTH, KAK
IIOKa3aHO Ha Qur. 5.7, 6 WIK 6, MB JIETKO OOHAPY/KHUM, WTO 1IOJE
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- ~@ue, 5.7 IHore mendy dsymsa aa-
8 T PAYCEHHUBMU AUCTMAMU DASHO Of €.

a E=0| (* E "1 E=0

MeKIy IIOCKOCTAME JOMKHO GHTH BABOE GONBINE MONA OTHETbEOM
mrockocrd. VITor TaKos:

E (wemny nnocxocmm)_—_—:—;; , (5.5)

E (cmapymm) =0, (5.6)

§ 7. Odnopodno sapaicennviti wap;
sapadcennan chepa

B ra. 4 v yiwe npumersrn saxon I'aycca, Korma foipxas Gruin
HAATH [0/ BHE OJ{HOPOAHO 3aPeHHON mapopoii o6nactu. Tor ke
METOR MOKeT FaTh HAM ¥ HOJe B TOUKAX eHympuy mapa. 3ror pac-
9er, HANpEMep, MOKeT GHTH MCHONb3OBAH JNAA HONYIEHHA XOpPO-
Tero NPUGAmKeH s K HONI0 BHYTPH aTOMHOTO Axpa. Bonpexrn Tomy,
9T0 HPOTOHH B A/pe B3AWMHO OTTANKWBAIOTCA, OHM H3-3a CHIBLHOIO
ANICPHOTO TPHUTIHKOHWS DPACHpPeAeTeHH IO BCeMy AAPY LOYTH Of-
HOPOJHO.

[ycrs y Bac mmeerca cdepa papuyca R, ogmopogHo HaloimeH-
Hag 3apanaMa. Ilycrb sapsg » egmmmne ofnema paseH p. CHosa,
WCHOAB3YA COOODa;KeHHS CHMMOTDHH, MOKHO IIPeIHOJOMKUTD,
9TO HOJIe Paj¥albHO W B TOYKAX, PABHOYAAICHHHX OT HEHTpA, 10
BEIMYEHE OfMAaKoBO. UT0G OmpemenuTh mOMe B TOYKe HA PACCTOMA-
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@ u e 5.8. 3aron I'aycca moxaro
npumenumes  daa " onpedeneHus
noAs eHympu o0HOpodHO aaps-
JCEHH020  WADA.

r

HAW 7 OT [EHTpa, mpencrasuM cdeprIecKyro rayccoBy MOBepXHOCTH
pagayca r (r<<R), rar moxaszano Ha gur. 5.8. Iloror u3 mee paBen

4niriFE.

3apsan BEYTPH Hee DaBeH BHYTPeHHeMY ofbemy, YMHOMKEHHOMY Ha
p, T. €. :

% nrip.

[Ipumensas sawon Iaycca, monyuaem Benmamay mois
E:é’_’ (r<R). (5.7)
€p

Bu Bupmre, 9To mpu r=R sra GopMyra gaer UpaBEIBHEIN pesyib-
TaT. JNAEKTPAIECKOE Oe NPONOPYLOHALbHO PACCTOSHAI0 OT HEATPA
7 HaIOpaBIeHO IO PANEyCy HAPYKY.

ApPryMmeHTsI, KOTODEe MBI TONBKO 970 NPEBOINMUIN JJS OFHODOL-
HO 3apsyKeHHOr0 Mapa, MOJKHO UPEMEHHTH B K 3aPSUKEHHON cdepe.
Onare npepmonaras pajualbHOCTh ¥ CHEPHIECKYI0 CHMMETDHIO
moiudA, u3 3akona I'aycca memegieHHO nomydaeM, 910 noje sae che-
PH BO BCeM NOJOGHO IOIO TOYCUHOI® 3apsajia, noie e BHYTpH che-
PH — HYJIb (ecam MH nposefeM I'ayccoBY IOBEPXHOCTh BHYTpu Ce-
PH, TO BHYTDH Hee 3apAfOB He OKA;KeTCH).

§ 8. Touen au saron Ryaona?

Ecam Mt Braspumcs 9yTh mpucrajibHee B TO, K4K Loje BHYTPH
chepH OKASHBAETCH HYJNeBHM, TO JIydUile mOMeM, IIO9EMY 3aKOH
Taycca o6azan cBomM mpoucxoxpenmeM 3aKkony Kymona, 1. e. T04-
HOHl 3aBHCEMOCTH CWJIH OT BTOPOWl CTEmeHM paccTosHUs. BozpMeM
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D ue 59 Bo ecarol moure P
sHympu  aapadxcennol cgepuue-
ckoll 06040uky nOAE PAGHO HYaw.

UPOU3BOIBHEYI0 TOYKY P BHYTpPU OfHOPOXHO 3apsnKeHHOH cdepm-
wecKoll mosepxHocTh. llpencramuM yskumil KOHyc, KOTODHIA Haum-
HaeTCa B TOYKe P m TAHETCA 40 MOBePXHOCTH CepH, BRpesasg Tam
rebonpmoit chepuueckuil yaacror Aa, (par. 5.9). B rounoctn cum-
MeTpPHYHEIT KOHYC IO JpPyIyi0 CTODOHY BepHIHHH BHDeKeT Ha IO-
BepxHOCTE IWiomagb Aag,. Ecim paccrosaums or P fo s1Hx ABYyX
3JIeMEHTOB IUIOWAAM PABHH I'y H Iy, TO ILIOMAJW HaXONATCA B OT-
HOIMeHUN )
Aa, r:

2
Aay ré

(Bu Mo:keTe ROKasaTh 3T0 A M0G0 TOYKH Mapa ¢ MOMOIIHIO reo-
METpHM. )-

Ecam norepxmocTh ceps 3apsiKeHa pPaBHOMEPHO, TO 3apPAf
Aq Ha KOKIAOM 2JeMeHTe IOBEPXHOCTH IPONOPIHMOHANCH ero IIo-

maga
Agy__Aag,

Aqp  Aay”

Torma sakom Hymoma yTeep:kgaer, 4TO BeAMYUHH IIOJeil, CO3fia-
BaeMHX B P oTaME [ByMA dJIeMEHTaMU HOBEPXHOCTH, HAXONATCH
B OTHOIIEHHAN

By, asfr; 1
E, qr} )

IToasi B rounoCTH B3a¥MHO YRHITOMAITCA. TaKUM CIOCOGOM MOMKHO
pasburh Ha maps Beio cepy. 3HaumT, BCe HOME B TOuKe P pasmo
aymo. Ho su sEpmTe, 9T0 5TOr0 He GHIIO OH, OKAYKACH IOKA3ATOIE
CTeHeHH r B 3akoHe Kyllona He paBHEIM B TOYHOCTH ABOMKe.
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Cunpasepnzpoctd 3arkona I'aycca saBucur or 3aroma oOpaTHRIX
xkpazgparos Kynona. Eciy 60 3aK0H CHIIK He HOTIMHAJICA B TOYHOCTH
sapucuMocTH 1/r?, TO HoOMe BHYTpPH ONHOPOXHO 3apAKEHHOH cde-
Pu He GEIO GEl B TOYHOCTH paBHO Hyaio. Hampumep, eciu 6u mome
MeHANoCh Oucrpee (ckamem, xar 1/r%), To wacrb ceps, KoTopas
6rmxe K Touxe P, cosgana O B TogKe P (oaee cumibHOe mode, 9eM
narpEAs gactb. llonydmmocs 0w (#is mONOKETEABHOrO HOBEPX-
HOCTHOI'O 3apAfa) pafHadbHOe IM0Je, HANPABICHHOE K HEHTPY. OJTH
BARJIOYEHNA MOACKA3HIBAIOT HAM BJIETaHTHHE NYyTh OPOBEPKH
TOYHOCTH BHIIONHEHEA 3aKoHA o0paTHHX Ksagparos. [lua sroro
HY/KHO TONBKO YV3HATH, B TOYHOCTH JIA T0JIe BHYTPH OJHOPOIEO 3a-
pssKeHHOH cdhepsl PaBHO HYJIIO.

Hamre cuacrbe, 9ro Taroil cmocob cymectsyer. Benp oGmamo
TPYZHO H3MEPUTH PM3WIeCKYI0 BEIMIHHY C BHICOKON TOYHOCTBIO.
Jobuthess OZHONPOIEHTHOR TOYHOCTH OBUIO OBl HETPYHHO, HO KaK
OBLTH, eciM HaM IOHaZo6uTca naMepurh 3aron KyIona ¢ TOYHOCTBIO,
CRaxKeM, X0 OFHON MmIIEapEHoi? MOMHO DOYTH Py9aThCH, 9TO H3-
MEDHTH C TAKOH TOTHOCTBIO CUAY, TEUCTBYIOMYIO MERAY ABYMA 3a-
PAKEHHBIMHE TeJIaMu, He cmocobust gae gydmme nputops. Ho ecnn
TOIBKO HYKHO yOeguThCA B TOM, 9TO IOJe BHYTPE chepH MeHbuie
HEKOTOPOrO 3HAYEHWS, TO MOKHO MOPOBECTH JOBOABHO TOYHOE M3-
MepeHHe CIpaBeIMBOCTA 3aKoHA I'aycca M TeM CAMEM IPOBEPHTH
oGpaTHYI0 KBaJpaTWYHYIO 3aBHCHMOCTD B 3axone Hynona. B cymi-
HOCTE NPOMCXOIMT CPAgHeHUe 3AKOHA CHIH C HeAJBHBIM 3aKOHOM
oO0patHNX KBagparos. IMeHHO Takwe cpaBHeHUS OMWHAKOBHIX, HIH
MOYTH OZUHAKOBHIX, Bemieil 00KTHO CTAHOBATCHA OCHOBOH CAMHX TOU-
HHX (U3AYCeCKAX W3MEPEeHHH.

HKax ke maGaiogars Hoie BHYTpH 3apssxerHoi chepr? Opmd ma
€moco60B — 5TO WONHITATHCS 3APALATH TEJIN, FOTPOHYBINNCH UM JI0
BHYTPeHHei YacTh chepriecKoro nposoganKa. Brl sHaere, 9To ecan
KOCHYTBCA METATIMYECKEM UIAPHKOM 3apsyKEHHOr0 Tel1a, 3aTeM
BJIEKTPOMeTpa, TO TPHEGOp 3apPAJUTCA M CTPENKA OTKJIOHHUTCA OT
gyasa (¢puar. 5.10, a). lllap cobupaer Ha cebs 3apsAmH, HOTOMY 9TO
CHADPYIKH 3aPSyKEeHHON CHOpPH HMEIOTCH HIeKTPHIeCKHe NOAH, 3a-
CTaBIAIMYE 3apAH NMepeXoguTh Ha MAapdK (4a@ ¢ Hero). A ecau
BHI IIPOJEIAETE TOT 3Ke ONBIT, KOCHYBIINCH IIAPEKOM SHYMPEHHOCIMU
3apAKennoil ceps, TO yBEAETE, UTO K 3IAEKTPOMETPY 3apsai. He
nogsopures. Vs taxoro ommita cpasy BHEHO, 9TO BHYTpPEHHEe HOJE
COCTABJSET B JYYIIeM CIydae HECKOJIBKO IMPOMEHTOB OT BHENIHEI'O
m 910 3aKoH Faycca Bepes, no KpaiiHeil Mepe, TPEGIMKERHO.

Hasxercs, mepeoiM, 3aMeTHBIIAM, 9TO 110JIe BHYTPH 3apPHiKeHHON
chepn pasno Hyaio, 6ei1 Benmwamen MPpamsawn. IT0 mOKA3AIOCH
eMy crpamnsM. Horna on coobmut 06 arom Ilpucran, Tor 3amopos-
P, 9TO DTO CBABAHO € 3aKOHOM O0paTHHX KBAJAPaTOB, IOTOMY UTO
ORLTO UBBECTHO, YT0 cepHICCKHIT CIOll BemecTBa HE CO3[aeT BHYT-
pu ceba nons tarorenus. Ho Kymnon msmepmn o6GparHyl KBagpa-
TAYHYI0 34BHCEMOCTH TOIBKO uwepes 18 mer, a sakom Iaycca
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D u 2 5.10. Buympu samrny-
motl nposodaweli obosouku aaex-
mpuveckoe noie pasno Hyiio.

MOABHJICA HAa CBT M TOTO
LmO33Ke.

3axod I'aycca Oma mpo-
BepeH OYeHb THIATENBHD; A
5TOFO BIEKTPOMETDP HOMeNaTn
payTps Oonbpmoidl chepw u
palmiofalin, OTKIOHUTCA JK
cTpelKa, Korga cepy sapAgAT
Z0 BHICOKOTO HaIPAKOHHEA.
Pesynprar Bcerga HOAYIAICH
orpuuarensEsiM. Ecnm  3Hats
TEOMeTPHIO ammapara M YyE-
CTBUTEJABHOCTD TpHGOpa, MOK-
HO paccyMrarh HauMeHbIIee mOje, KOTOpoe emie AO0CTyHnHOo Habio-
meEmo. M3 5TOro 4meisa MomKHO yCTAHOBHTH BepXHEE mpeser
OTKJIOHCHHsL MOKasaTelsa cremeHM or Asyx. Ecam sammcath saBmcm-
MOCTh DIOKTPOSTATHYECKON CHIM OT PAcCTOAHMA B BHAe r 2%, ro
MOJRHO OLpeRenHTh BePXHIOI IPaHALY &. JTEM cmocoGom Makcaemn
ysHaiI, yro € MeHpme 1/10000. Ount Ghii HOBTOPEH W yCOBEpPHICH-
creosad B 1936 r. IlnumoronoM m Jlagrosom. OHu obHapymumim,
4T0 KYJOHOB LOKAsaTelb OTIHYAETCA OT 2 MeHbIIe YeM Ha OfHY
MUJIIHADIHYIO.

9T0 HOABOXMT HAC K MATEPECHOMY BOIPOCY: KaK TOYHO BHIIOJNHS-
erca sakod Hynoma B pasaminmx oGcrosrensersax? B TOABKO Yro
OOUCAHAKX OMHTAX H3MEPANACH 3aBHCHMOCTh HOJH OT PAaCCTOARNA
H2 PaCCTOAHMAX TOPAJKA HECATKOB CAHTEMETPOB. A 4TO MOMKHO
CKazaTh 0 BHYTPHATOMHBLIX PaCCTOAHMAX, CKaykeM BHYTPH arToMa
BOMOPOMAA, e, KAK MH CYHTAEM, SJEKTPOH MPUTHIUBaETCA K ALPY
IO TOMY ke 3aKOHYy o0parhbx KBagpatoB? HoHeuHO, X1 ONECA-
HEA MeXaHHYeCKOll TacTH HOBeJeHMA JIeKTPOHA HY/KHA KBAHTO-
BafAd MeXaHWKAa, HO CHJIA 3[eCh — LO-Ipe;KHeMy IPUBHYHAL 3IeKT-
pocrarudeckas cmia. B mocragoske sajaum 06 aTome BOXOPOJA
U3BECTHA TOTeHUHMANLHAsS SHePrusA SIASKTPOHA Kak ¢QyHKnEA pac-
CTOAHUA OT AAPA, ¥ TOrAA 3aKoH Kyinona npusogur x moreRNuEany,
06paTHO NPONOPHUOHANLBEOMY HEepBOil ctemern paccromadsi. G Ka-
KOH TOYHOCTHIO 9TOT HOKA3aTedb H3BECTEH HA TAKMX MAJIKX PaccTon-
HEAX? B wmrore oueHs TmiaTeNbANX H3MepeHHI OTHOCHTeIBHOTO
PacHoio/KeHHA yPOBHell DHEPIUE BOLOPOLA, HpoBefeHHnx B 1947 1.

102 -



JIam6om u Puzepdopmom, HAM Temeph -M3BECTHO, YTO M HA PACCTOH-
HEAX HOPANKA aTOMHMX, T. 6. mopsazka aarcrpema (108 cm), moxa-
3aTelb BHOCP/KEBACTCA ¢ TOYHOCTHIO AC OFHOW MMIIHMADPEHOMH.

Taxas rounocts msMepenmit JlomGa m Pusepdopma orasamacn
BO3MOKHON ONATH Oaarogaps ofHOH PuamIecKol «cayuaiimocTm».
Cpegm cocTosHMIT aToMa BOZOPOa ecTh ABA TAKKX, Y KOTOPHX SHep-
UX HOJKHEL OBITH MOYTH OFWHAKOBHIMYU JUILL B TOM CIIyYae, eCIH
mOTEHNMAJ MeHAEeTCA TOYHO mo 3aKoEy 1/r. smepanace ouenn ma-
Jas pasHuya B 9HEPTUAX OO FacTore O OTOHOB, MCIYCKAEMHX WAL
TOTJIOMAeMEX IPH HePeX0fax M3 OFHOTO COCTOAHHA B APYToe (Cor-
naczo ¢popmyne AE=fw). Pacuerst moxasamm, aro AE samerso
OTAMIANAch OH OT HAOMIONABIIEroCA 3HAYSHNA, ey OB mOKasaTelb
creneAr B 3aKoHe cmam 1/r? orambanca OB OT 2 TONBKO Ha OXHY
MIILIHAPIHYIO.

A BepeH Jiu 3TOT 3aK0H ¥ HA e1le MEHBIIEX paccrogauax’ B amep-
HOIl (uBHKe H3MepeHWA NMOKazanwW, UT0 HA TAHEIHO AXEPHHX pac-
croaauax (mopsamra 10713 cu) CymecTBYOT BIEGKTPOCTATHICCKEE
CIJIK ¥ 9TO MEHAIOTCA OHU BCE eme Kak ofpaTHHe KBafpaTH paccros-
guit. OgHO U3 CBHEETEALCTB B MOIL3Y DTOI0 MH pazbepeM B ciaegylo-
mux riaapax. Msr ysepessi, Tak@M 0o0pa3oM, 4ro 3akoH Hymnoma
emie BEIOOJNHAETCA W Ha paccTogauax okoxo 10713 cu.

A uro mMoskHO ckasarth 0 paccroaEmd 10~1¢ cx? Iror uaTEpBAN
mccnemonatu, GoMOapPAMPYA HPOTOHH OYeHH DHOPIUYHEIMU DIOKT-
POHAMIU ¥ CI[A 3a TeM, Kak OHM paccensatorcsa. CerofHAMHANe AaH-
HHE YKasHpaloT HA 70, YT0 HA HTHX PACCTOAHMAX 3aKOH TEPHUT
Kpax. QIeKTPUYeCKUe CHAH Ha paccroanuax Menbme 1071 cu oxa-
supatores 4yth @ He B 10 pas caaGee. Jromy ects ABa oOBAcHe-
aug. To am sakon Kynoma Ha Takyx MajgeHBKUX PACCTOAHUSX He
meitcreyer, TO JM STH Teda (BIEKTPOHH U IPOTOHE)) He ABIAITCA
TOYeYHHME 3apAfgaMu. B0osM0o/KHO, YTO OFUH U3 HAX KAK-TO pasMasad
(a moxker, u 06a). BoanpmaECTRO PUBUKOB NPeAmOIUTAIOT AYyMaTh,
49T0 pasMasaH 3apAp OpoToHa. MM 3HaeM, 9TO HPOTOHH CHJIBHO
B3aMMOACHCTRYIOT C Me30HAMHU. JTO O3HAUaeT, 4YTO IPOTOH BpeMA
OT BpeMeHHW CYNIeCTBYeT B BHAEe HeHTpoHa ¢ m*-Me30HOM BOKpYT.
Taxoe pacumonokeHHe B CPeRHEM BHIJAAENO O Kak He6OIXBmION
HMIapUK MOJOKUTOABHOIO BapAKa. A MH 3HaeM, 4TO HEJIb3A CYHTATD
oojie INapa 8apAmoB MEHAINMMCA BIVIOTH 0 CaMOTO IeHTpa Oo
saxony 1/r%. Bmoane BepoaTHO, 4r0 BapAf IPOTOHA pasMasaH, HO
TeOpHs MUOHOB elle OYeHH HECOBOPUIGHHA, W He HCKIYEHO, UTO
u saxoH Kynoma ma MaJHxX pacCcTOAHHUAX OTKasepaer. Bompoc
TIOKa 0€TAeTCA OTKPHITHIM. .

Eme opun KapepsrHil BOIPOC: eciiu 3aKOH 00paTHHX KBaZpaToB
BePeH U HA PaccTOAHMAX mopAmxa 1 m m Ha PaccTOAAMAX HOPAKA
1010 ». T0 ocraerca am TeM ke woadpdmument 1/4me,? la,—
TIacuT OTBeT,— IO KpaiiHeil Mepe ¢ TOYHOCTHIO K0 15 MUIANOHHHIX. .

Bepremca remeph K BajKHOMY BOIPOCY, OT KOTOPOTO MEL OTMax-_
HYJIZCH, KOTa T 0BOpWIN 00 ONHTAOM NOATEe Pk aenny 3aKoral aycea.
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Bac Morno ysuBHTH, Kak B omkite Maxcseana m IlnuMoroma—
Jlagrona ymanoch moctudb Takoi rounocrm. Bens Bpapm nm cdepm-
qoCKUI NPOBOJHUK MOr OHITH maeansHOW cdepoit. ocrmes TounO-
CTH B OJHY MUIJAMAPAHYI0 — 9TO WPEKPacHO; HO PE3OHHO COpO-
CHTh: KaKk MOIJIM OHYM CTOIb TOYHO W3roroBUTh chepy? Hameprara
Ha cdepe Opolrm HeOONbINUE HENPABUIBHOCTH, KAK HA BCAKOH peasb-
HOU cepe, ¥ He MOIAY IK BTH HEPELYJIAPHOCTA €03HATH KAKOE-TO
noixe BEyrpu? MH XOTHM NOKa3aTh Teleph, 9TO B HAEAJAbHOL chope
Bosce HeT HeoOxommMocTs. OKa3HBAETCA MOIKHO JOKA3ATH, 9T0 BHYT-
pu 3aMEHYTOH mpoBopsAmed 060g0uKY 410608 GopMH NONAA He GH-
paer. WHHIME c10BaMH, ONEITH 3apucenw or 1/r®, HO HUKaK He ORIH
ceg3aHN ¢0 chepmieckoil Gopmoit mosepxrHOCTH (pasme 4TO €O cde-
poii nerde OhIo 6K paccyuTaTh MOJe, ecaw 6w 3aron Hynona oka-
sajca ournGounsM). Mrak, Msl CHOBa BO3BpamlaeMcs K 9TOMY BOH-
pocy. as pemeHHs ero HaM HY)KHO 3HaTh KOe-Kak@e CBOiicTBa
TPOBOAHUKOB BIEKTPHIECTBRA.

§ 9. IHoan npoeodnura

ITporopuur »IeKTpEYecTBA — 3TO TBEPHOE TEJO, B KOTOPOM
ecTb MHOTO ¢«CBOOOTHHXY 2JHeKTPOHOB. JNEKTPOHEL MOI'YT ABALaTHCH
é sewjecmse cBOGONHO, HO He MOIYT HOKHAATH IMOBePXHOCTH. B Me-
Tajie GBIBAeT TAK MHOT'O CBOGOJHEIX BJI6KTPOHOB, YTO BCAKOE DISKT-
PUHIecKOe Boje UPUBOAUT MHOrUe U3 HUX B Asmwxenue. VI nu6o Bo3-
HAKIOAA TakuM 06pasoM TOK BIEKTPOHOB HOMKEH HeHPepPHBHO HOM-
dePKUBATH CBOe CyUIeCTBOBAHMe 32 CYOT BHEIITHUX HMCTOTHHAKOB
sHeprau, An00 JBIHKEHMe YACKTPOHOB NpeKpamiaerTca, KaK TONBKO
OHU paspAfAT UCTOYHNUKYM, BH3BABIIMe Hoje pHagane. B ycaosmax
«JIERTPOCTATHKM» MEl He pPacCMAaTPUBAaeM HEIPEePHIBAHIX HMCTOYHH-
KOB TOKa (0 BMX Mui OyfmeM TOBOPHTH B MATHMTOCTATHKE), TAK 9TO
BIIEKTPOHK ABWKYTCSA TONBKO JO TeX HOp, IMOKA He PaCIIONOKaTCA
TaK, 9TO HOBCIOAY BHYTPH HIPOBOJHEKA CO3HACTCA HYJeBOe DIEKT-
pudeckoe none. (Har mpasuao, 5T0 OPOMCXOAUT B MANEe [OAH Ce-
xyagel.) Ecnu On ocralocs BHYTpH XOTh Kakoe-HUOyAb IoJie, OHO
OB BHHY{WIO [BUTATHCA emle Karkdme-TO BIIEKTPOHEI; BO3MOMKHO
TONBKO TAK0e 2MEKTPOCTATHIECKOS pemieHye, KOTAA I0Xe BCIOAY
BHYTPH PaBHO HYIIO.

Teneps paccCMOTPUM SHYMPEHHOCMb 3APAMSHAOI0 IIPOBOAMIIET 0
tesxa. (Mu MMeeM B BHOY BHYTPEHHION IacTh CaMoTo memasaa.) Tar
Kak MeTaJjl — OPOBOJHMK, TO BHYTPeHHee mole AOMKHO OHTH HYy-
7eM, & 3HATUT, X IPAAUEHT NOTeHHUAIA @ PaBeH HYI0. ITO 3HAYAT,
470 ¢ OT TOYKH K TOYKe He Mmensercd. Jl0Goil mpOBORHEK — 3TO
3KBUIOOTeHNUANHHAA 00.4acmb, W er0 HOBePXHOCTh — YKBHIOTEH-
yuanpHa. Pas B mpoBogAmieM Marepuale MSKTPHUISCKOE IO IIOB-
CIOJIy PABHO HYJI0, TO ¥ gusepremiua E rome paBHa HyI, B 0O
saxony l'aycca miotHOCTH 3apAna BO eHympeHHeld 9ACTH IPOBOX-
HHKA 00pamaercs B Hylb.
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Ho ecnu BHYTpE npoBOfHEKA He MOKeT GHITH 3apAXOB, Kak >Ke
" oH BoOOmEe Moyker OwmTh 3apmyen? UrTo ME uMeeM B BHAY, KOIra
roBOpPHM, 9T0 IPOBORHEK «3apsmxem? I'me otm sapapu? Onm gaxo-
JATCAd HA HOBePXHOCTH HPOBOJHMKA, Ife CYMIeCTBYIT 00Jabmue
CUNH, He fAoNMe UM TOKWHYTb ee, Tak YTO OHE He BIIOJHE «CBO-
Gomm» Korga mui GygeM usygath QUBUKY TBepPHOIO Teda, MM yRH-
AUM, 970 H30BITOYHKIA 3apAx B JI060M TPOBOTANKE HAX ONATCH TOJI b
KO B Y3KOM CJIO€ ¥ HOBePXHOCTH, TOJANMUHON B CpejHeM B OFHMH-IBA
aroma. Jlina Hamux HEHHEMHBHX mesaei AOCTATOTHO HPABHIHHO Oyner
rOBOPHUTH, 4YTO NI0GOH 3apAf, MOmaBMMA Ha (WIA B) IPOBOJHMEK,
cobmpaercss Ha €r0 MOBOPXHOCTH; BHYTPH HPOBOAHEKA HUKAKUX
3apAR0B HET.

Mu 3amedaeM Tamke, YTO IEKTPHUIECKOE HOJIE 6034€ CAMOLL
noeeprHocMy IPOBOFHUKA AOIKHO OHTH HOPMaJIbHO K HOB6PXHOCTH.
KHacareapnoit cocraBisiomeirt y mero OwTh He MOmkeT. Ecau 6
OHA MOABWUIACH, DIGKTPOHH HABHIANIHCh OH 6004b DOBEPXHOCTH;
HET CHui, KOTOPHE CHOCOOHH IOMEIMIATh STOMY. JT0 MOKHO BHPABHTH
U HHAYe: MK 3HAGM, YTO JUHUK 3JAeKTPHYECKOTO HOJIA JOMKHK BCer-
Za ORTH HaupaBIeHK HONEPEeK JKBENOTEHNMAIBHOH HOBEPXHOCTH.
" Tlpumensas szaxon I'aycca, MH MOKeM CBA3aTh HaIPA/KEHHOCTH
nOJA y ¢aMoil mOBePXHOCTU HPOBOJHUKA C JOKAIBHON IIOTHOCTHIO
3apAAa HA MOBEPXHOCTH. 32 rayCcCOBY IOBEPXHOCTH MBI IIPAMeM He-
0OnbmoOl IUAMAZDHIECKUE CTAKaH, HANONOBHHY HOTPY:KEHHKIT
B OpPOBOJHWK, a HANONOBWHY BEABMHYTHH u3 mero (fur. 5.11).
Briaag s o6mmit moror E gaer TonbKO Ta 9acTh CTaKaHa, KOTOpas
HaXOguTCd BHe UPOBOREMKA. Torga moge y HapyKaoll mopepx-
HOCTH HPOBOJHUKA PaBHO

Bue nposodnuxa:

E = (5.8)
Eo

)

rge 0 — A0KaAbHAA NOBEPXHOCTHAas HIJIOTHOCTL 3apspaa.

D u 2 5.11. Jaekmpuveckoe nose y
camoti gHewH el nosepIHOCmu NPosod-
HUKQ NPONOPYUOHAALHO AOKAALHOL
noseprHocMHOlL nAaomHocmu sapada.

1 — zayccoen fogepxXHOCMb; 2 — A0KAAL-
HARA NAOMHOCMb noeepxmcmiweo 3apa-
fa O.
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ITouemy cioit 3apaAHOB HA NpPOBOAHUKE CO3KaeT He TaKOe |OJe,
KaK CIoit 3apsaAmoB cam no cebe? Vnave ropopsa, nodemy (5.8) mxsoe
Gonpme (5.3)? Ho Begs Mu e ymeepicdasu, GYyAT0 B IPOBONHAKS
HeT GONbINe HUKAKMX (EPYTUX» 3apAA0OB. B HeACTBUTENHLHOCTH MM
T0r0, 9700 B mporogamke E Osmo papdo 0, B mem 06AsaTenabHO
FOMKHK IPHCYTCTBOBATH KAaKme-TO. 3apAasl. B HemocpeacTBeHHOR
Gruzoctu OT TOYKM P Ha HOBEPXHOCTH 3apAAH [eiCTBHTENBHO CO3-
mator moue E, =0, . /2e, RaR BHYTDH, TaK H CHAPY/KH HOBEPXHO-
crz. Ho Bce mpoume 3apajsl TpoBOgHAKA COO0UIA «YCTPAUBAIOT 3a-
roBOp», YTOGH CO3HATH B TOUKe P H06aBOYHOe mOJe, PAaBHOE HO
peamaune K .. CymmapHOe BHyTpeHHee oje ofpamaercsa B HYJb,
a HapysHOe yjaBamsaerca: 2L,  =a/e,.

§ 10. Iloae sHympu NoOAOCIMU NPOCOIHUKA

Bepremcsa temeps K npobieMe HycTOTONOTO pesepsyapa — upo~
BOJHUKA, HMEIOMEr0 BHYTPH HOIOCTh. B Memdase MONS HeT, a BOT
ecTb I 0HO B nosocmu? IlowrameM, wro ecau moxocTh nycma,
TO NOJA B Hell OKTH He MOKeT, Kakosa 6vl hu 6uaa Hopma TPOBOL-
HEKa win noxoctd (Pur. 5.12). PaccMoTpnM rayccosy moBepXHOCTD,,
mogobayio S Ha ¢ur. 5.12, Koropas okpy:;kaer coboit MOIOCTH, HO
ocTaeTcst BCIOLY B BEI[ECTBO HPOBOTHUKA. Beopy Ha moBepxmocTd S
moje paBHO HYJIIO, TaKk YTO TWOTOKA CKBO3b S OHTH HE MOMKer,
¥ cyMMapHui 3apan BHYTpH S HoMKeH OHTHh paBeH HYI0. 3arTeM
MO;KHO BHBECTH M3 CHMMETPHH, 4TO HAa BHyTpPeHHell HOBepXHOCTH
cepmaeckoil 000n09KE HET HuKakozo sapama. Ho B Oomee obimeM
caydae MBI TOJXBKO MOMEM ¢€Ka3aTh, 9TO HA BHYTpeHHeld moBepx-
HOCTH NPOBOAHWKA WMeEeTCs PABHOE KOJHIeCTBO HONOKATENLHOTO
H OTPHNATENHHOTO 3apaAnoB. Moser OWTh, OKasKeTCs, 4TO HA Of-
HOH 9acTV MMEETCA IOJOKHTeNbHBIM 3apaAg, a INe-TO B APYTOM
MecTe — orpunarenbubiii (cM. ¢ur. 5.12)? Tarxme Bemu 3aKoHOM
Taycca me mermmouaroTes.

Due 512 Yemy pasno nose s -
nycmoii nosocmu  npPoeoGHUKA
npouasosvk ol gopmu?
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Ha camoM pene, KoHeWHO, MONYIAETCA, 9T0 PABHEE, HO ITPOTH-
BOIIOJIOKHNE BapsAfsl HA BHYTPEeHHeH MOBEPXHOCTH FAOMKHHE ORHIR
OH COCKONB3AYTH HABCTPEUY APYT KPYTY B YHHUTOKHTH APYT Apy-
ra. Mu momem y6eguTscsa B TOM, 9T0 OHH YHHITOKAT gPYT ApPyra,
IPAMEHNB 3aK0H O paBeHCTBe HYI0 HUpPRyaanmdn E (daexTpocrta-
TuKy). IlycTh Ha KaKWX-TO YaCTAX BHYTPeHHell MOBEDXHOCTH OKa-
3aamch 3apaAAs. Mu 3HaeM, 4To0 enle IAe-TO JZOJHKHO HPUCYTCTBOBATH
paBHOE KOJIHIECTBO UPOTHBONOJOKHHX 3apapos. Ho mwobire miu-
#ny nojxAa E naunmnaioTca Ha mOM0KUTENBHHX 3apAfaX M KOHIAIOTCA
Ha OTpHHATEABHWX (MW paccMarpuBaeM ciaydail, Korga csobop-
HHX 3apAnoB B mojoctd Her). IIpegcraBmM cefe temeps xoutyp T,
e peceKalomyi MOJOCTh BIOAL JIAHAHK CHAR OT KAKOT0-TO LOJIOMH-
TEIBHOTO 3APAAA K KAKOMY-TO OFTPHMNATENBHOMY M BO3BD2IIai0-
muEiics K HCXOmmOH TOUKe MO Tely mpoBofHuKa (cM. dur. 5.12).
Marerpas BRoxs TaKoM IVHAA CHI B OPefelaX OT HOIOMKUTEABHOTO
JI0 OTPUIATeJBHOTO 3apsga He Ol OH paBeH HYJI, & MHTETPAJ HO
myTH Yepes MeTauu paseH HYI0, Tak Kak TaM E = 0. Tax uro mu1 6n1°
HMean

gSE.ds¢0???

Ho xpmsoauseitnsit murerpain or E mo noboMy 3aMKHYyTOMY KOR-
TYPy B 9l€KTPOCTATHYECKOM IONe BCerfa paBeH HYI. OHAUMT,
BHYTPH LYCTOH MOJIOCTH He MOKeT OHTb HHKaKHX HOXed, paBHO
KaK He MO3KeT OHTh HUKAKMX 33 PAROB HA BHYTPeHHeH HOBepXHOCTH.

3amethTe, 9TO MBL BCE BPeMs HOFHePKUBAIM, YTO HONOCTE NYcma.
Ecan nomecmums waxue-10o 3apafs B PHKCHPOBAHHHX MeCTax Imo-
JocTH (CKajKeM, Ha M30JATOpe WIH Ha HeOOJBIIOM IIPOBONHUKE,
H30JIMPOBAHHOM OT OCHOBHOI'0), TO BHYTPH TONOCTH Mocym OHTH
mousi. Ho Torma oma yimke me 6ymer «mycToi».

Mu mokasaxum, YTO eCAH HOJOCTh WEJHKOM ORPY;KeHa IPOBOA-
HUKOM, TO HEKAKOe CTATHICCKOE PACHpefielieHHe 3aPAL0B CHAPYICU
HUKOTHA He CO3XaCT HOXA BHYTPH. IT0 00BACHAET IPAHLAN «3a0[H-
TEY BIEKTPHYECKOI'0 000pyHoBaHUA, KOTOPOE MOMEHIAeTCA B Me-
TaxandecKyo KopoOky. K rem ke paccy:RueHHMAM MOKHO Ipuber-
HYTh, €CJIH HY/KHO NOKAa3aTh, YTO HHKAKOE CTAaTHIECKOe pacupene-
JeHAe 3aPANOB GHYMPU BaMKHYTOI'0 COJONIHOI'0 HPOBOXHUKA He
MOKET CO3AATh HOIH 6HE ero. Jammra gelictByer B o0e cTopomsl!
B samexrpocratmre (HO He B MSMPHMIONIUXCA HONAX) HOAA IO obe
CTOPOHH CINIOMHAOH mpoBOgANIed 0060J0YKK HOIHOCTHIO HE 3aBUCAT
OHHO OT FPYroro.

Teueps BoI mOAEMAaeTe, HOYEMY YAAJIOCH IPOBEPHTH 3aKOH Hy-
JoHA ¢ Takod TouHocThIO. DopMa mosoil obonouxu He wMelra 3Ha-
genwst. OBa BOBCe ne QoMKHA OBIa 6HTH KPYTIod, oHa MOria GHTH
u xyGom! Ecam saxor I'aycca Togen, ro mode BHYTPH Beer/{a PABHO
HyJa10. B moHuMaere Temeph, mOYeMY BHOJHE 0E30HACHO CHEETH
BHYTPH BHCOKOBOJILTHOTO remeparopa Bas-me-I'paada B Mumaamon
BOJIBT, He GOACH, ITO BAC yHapuT Tok, — Bac oxpamser cam I'aycc!



Taaca 6

3JEKTPHUYECKOE IOJIE B PA3HBIX §1-_3’pa}aneutrn
OUSNYECKUX YCJIOBHAX - aleKTpocTaTHIe-

CKOre IOTEeHINAIY

§2.2aerTpHyecknii

ARHOIL
§ 1. Vpasnenua saexmpocmamuuecroeso

nomenyuaia §3.3amevanns
. » 0 BEKTOPHBIX

B 9Tolf riape Mul paccKaeM O HOBEJEHMH  ypaBHEHMAX
5ISKTPUYECKOTO HOJA B TeX WM MHKX 00CTOATEN b
erBax. B nmosmakoMutech ¢ Tem, KAk BemeT cebs §4. Jnonpuniif
BIIeKTPHYECKOe ToJe, M ¢ HeKOTOPHMH Matemarm-  VOTeHIMAT
9eCKAMH MeTOJAMH, MCHONb3YEMEIMHA AJs ompefe-  Nak TPajHeHT
JAeHUS TOJA.

§5. innoasHoe
OrtMeTuM piia Hagaga, 9TO MATEMATHYCCKH BCA

. HpudIILKenne
3ajlaua COCTOMT B DemeHME JBYX YPaBREHWH — 1. nnowsmoasHOro
MaKCBe/IIOBCKUX Y PaBHEHMH HIeKTPOCTATHKH: U -

V-E= 59_ ) (6.1) §6.1lona 3apsamenHbIX
0
NPOBOHIKOB
VXE=0. (6.2)

darTHTCCKH 06a 3T ypaBHeHES MomHO 0fn- §7-MeTon
equEUTH B OfH0. VI3 BTOpOTO ypaBHeHHA cpazy ~ M30Gpamennii.
e ClHefyeT, 4T0 YOJe MOeT CUMTAaThCA Tpa-
AUEeHTOM HeKoero ckanaapa (cm. ra. 3, § 7):

v

§8.Toyeunnrit 3apajg
y npoBojgsmeit
E=—vyg. (6.3) 1I0CKOCTH

3JIeRTpH‘Ie(‘/I{OB HOJle KaMAOro 4actaoro nu- §9. To‘le‘mbm 3apan
Ja MOKHO, €CJd HYKHO, NOJHOCTH OOHCATH y upoBojsmei
¢ IOMOHIbIO HoTeHNHWana wmoas ¢. Jmpdepen-  cepsi
nmajgbHOe YPaBHRHUE, KOTOPOMY MOJGKHO YHO-

3 b
BJIETBOPATh ¢, moaywmrcs, eca:m (6.3) momera- §10.Kounpencaroper;

BETH B (6.1): napaJuiebHbIe
o 6.4 HAACTHHBE
Vve=—g - (6-9) <11 11posoit
Pacxomumocts rpagmeHTa ¢ —3TO TO 3Ke, yro  PH BBICOKOM
vZ, JelicTrylomee Ha (p: HANpPKeHan

§12. Wonnmit
V‘V(P:V2‘P 3_,;2 +ay +azz ) (6.5) MMEPOCKOI!

tak uro ypasHemme (6.4) Mm samummewm B pujiie Jlo6mopumnv:ra. 23

o (Buin, 2)
Vip= — - . (6.6) «Pegonanc»



Oneparop V? masmBaerca JamiacuanoM, & ypasmHeEme (6.6) —
ypasHeEmeM Ilyaccoma. Beck mnpeaMeT ajeKTpocTarHKM C Mare-
MaTHYECKOH TOUKM 3PEHHA BAKIOYAETCA HPOCTO B M3YISHUM Deme-
Huii omHOTO-egUHCTBeHHOro ypasneHma (6.6). Har rmoxbko wm3
(6.6) Bu maiigere @, nome E HemenmenHo momydaercs ms (6.3).

O6parTumMca cmepsa K ocofoMy Kiacey 3afad, B KOTOPHX
3a4an0 Kak ¢yuruma r, Y, z. Takasg 3ajfada DOYTHE TPUBHAJbHA,
mOTOMY 9TO pemarh ypasHedue. (6.6) B obmiem ciayuae MH yixe
yMeeM. MH Befp DOKa3aJHM, YTO €CHU P B KayKEoll TOIKe M3RECTHO,
T0 moTeHuuaa B rouke (1) pamen

_(p(2)dV,

)=\ T - (6.7)
rge p(2) — mmorHocTh sapapma, dVy — aileMeHT 0O0beMa B TOUKe
(2), a ry, — paccroanue Mexxny Toukamu (1) m (2). Penreame dugh-
deperyuarvrozo ypasuenua (6.6) cBexmock K unmesplposanuio
no npocrpanctey. Pemenue (6.7) Hy)KHO OTMeTHTE 0C000, HOTOMY
9T0 B (PUBMKE YACTO BCTPEYAIOTCA CATYa Uy, IPUBOAAMUE K YPaBHe-
UHAM, KOTOPHe BHIIJIANAT TaK:

V? (oT "ero-To)=(YeMy-To eme),

u (6.7) aBnAeTcA HPOTOTHHIOM pelleBds Ji000H TaKod sajfadd.

IIpoGaeMa pacuera nIeKTPOCTATHIECKOTO MO, TAKHM oOpasoM,
pelaeTcsi COBEPIIEHHO I€CTHO, ©CHIH TONBLKO HOJOKEeHHA BCEX 3a-
pAnos m3BecTHH. [laBaiiTe HOCMOTPHM HAa HeCKOJBKHUX IpUMepax,
Kak peiicreyer sTa dopMysra.

§ 2. Iuexmpuueckuii dIunoav

CHavyalla Bo3bMeM JBa TOUEYHHX 3apAna ¢ U —(, pasfeienHkx
npomesxyTkoM d. IIpoBemeM och z dYepes 3apApm, a HAYAXO KOOP-
OHHAT HOMECTHM mocpefune MesAy Aumu (dmr. 6.1). Torga mo dop-
Myre (4.24) moTemuman cHCTeMH ABYX 3apAJOB JaeTCA BHPayKe-
HEEM

Pz, ¥, 2)=
! g —4 . (6.8)

G i

Mz #e cobumpaeMCA BHIMCHBATE (ODMYNY IJIA DIEKTPHISCKOro
M0JA, HO BCErja NPH SHeJIAHHM MOKeM 3TO €HeJaTh, pas MH 3HaeM
-moreanuax. Tax 9To 3agava OBYX 3apAOB pemIeHa.

CymecTByeT BaKHHI vacTHHI caydail oTo#l 3ajavm, Korja 3a-
PARH PACHONIOKEHH GIUBKO APYT K APYIY, HHHMU CI0BaMH, KOTHa
Hac mHTepecyeT NoJie HA TAKHX DACCTOAHMAX OT 3apPANOB, UTO IO
CPaBHCHHIO ¢ HEMHA IPOMEKYTOK MEKAY 3apAfaMy KaKeTcA HesHa-
upreqbasM. Takyo TecRyo mapy 3apAfoB HAsHBAOT Ounoem.
Jumonu BCTpeYaoTCA OUWeHb IACTO.
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’ Due 61 Junoav: fea sapada
P(x.y.2) +qu—gq, yoasennwe dpys om
8 opyza Ha paccmosiiue d.

W
} . «lunonsHy®O» agETeHHY
d 7 MORHO 4acTO TPHGIMKEHHO
-q paccMaTpUBaTh KaK IBa 3a-
pAfa, paspgeleHANe HE6OIb-
z ) TI¥UM paccTogHmeM (€Ciy Hac

He HHATEpecyeT mOJe y ca-
Moii arreraast). (O0wIHO UA-
Tepec npeycTaBIANT aHTeH-
HE ¢ Osudcyyyumuca 3apAfaMu; YPaBHEHUA CTAaTHKH TOTJa He-
OpEMEHWMH, HO [JA HEKOTOPHX Ifeell OHM BCe JKE IPElCTaB-
JAIOT BEChbMa CHOCHOE npHOamKeHue.)

Baxnaee, noxanyii, gunonm aroMuhie. Ecium B KaKoM-To Beie-
CTBE eCTh DIEKTPAIECKOe mOje, TO DIEKTPOHS M HPOTOHH HMCHOEITH-
BAIOT BINAHNE NPOTHBOUOIOKHELNK CHI M CMEIMATCsa APYT OTHOCH-
TeJAbHO Apyra. BROOMHENTE, 9T0 B HPOBOFHIKE HEKOTO PE® BIIEKTPOHK
COBUTAIOTCH K HOBePXHOCTH, TAK 1UTO BHyTPeHHee HoXe oGpamaer-
¢A B HyJh. B wusoaarope sieKTPOHH He MOI'YT CHIABHO pasoii-
THCh; UM MellaeT HPHUTs;KeHHe Aapa. Ul Bce ;ke omm Kak-to cMema-
forcs. Tak uro XoTa aroM (WiIw MoJIeKyJIa) B ocTaeTcs HelirpanbakM,
BO BHEMIHEM DJIEKTPHYECKOM IIOJie BCe ;Ke BOSHHUKAeT elle 3aMeTHOEe
paspelienime LOJO/KUTENBHHX X OTPUIATENHHHX 3aPANOB, M aTOM
CTAHOBHATCA MHKPOCKommieckuM auunoineM. Eciam mam mymuo 3maTh
Hole BTHX ATOMHHX Aumoixeidl MOOIHM30CTHE OT IpepMera OGHYHBRIX
pasMepoB, TO ME HMeeM Ael0 ¢ PacCTOSHUAMY, GONBIIEMHA IO ¢paB-
HEHUIO ¢ TIPOMEKYTHAMN MeRIY 3apAgaMm.

B meroropmx Mosekxynax us-sa caMoil mX $opME sapamm He-
CROJIBKO paspeseHsl Jajke B OTCYTCTBHe BHeMHMX moieil. B moae-
Kyle BOJH, HAUPUMEp, AMEeTCA OTPHAUATENBHHI 3aAPAX Ha aTroMe
KHCIOPOAA ¥ HOJOKHICNBHHI 3apai Ha 000MX aToMaX BONOPOHa,
KOTOpHe pacmonoeHn HecumMerpuaro (pur. 6.2). Xorts sapan
BCell MOJeKYJH paBeH HYJIO, BCE Ke MMeeTcHA pacHpefelleHHe 3a-
pafa ¢ HeGonpmeM mpeobrafaHEneM OTPHIATEIIFHOrO 3apAa Ha Of-
HOl CTOPOHE W IOJOMHUTEONBHOr0 HA APYIoi. JTo pPacmojo;KeHHe,
KOHEYHO, He TAKOE IPOCTOe, KAK Y ABYX TOUCYHHX 32 PALOB, HO €CId
CMOTpeTh HA Her'o H3JajieKa, OHO AelCTByeT KaK FENOIb. Hak Mu
VBHIEM YyTh HO3jKe, IOJe HA DONBIIMX PACCTOAHMAX HEUYBCTBU-
TEJIHHO K MEJAKUM JeTAIAM PAaCIONOKEHU,
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@D ue 6.2 Moresyaa 0dn H,0.

+ +

Baraagem remeps Ha HOMe ABYX 3apANOB HPOTHBOIOIOMKHEX
3HAKOB, paccTosHme d Me:Ray KoTopmmu maixo. Ecam d cramer Hy-
JeM, [IBa 3apAfa COMAyTCA B OZHOM MecTe, ABa IOTOHIHMAAR COKpA-
TATCA, moxe ucyesner. o ecnu oHM He COBCEM CIMIMCH, TO MOKHO
OOJY9HTh XOpomee HpEONIKeHWe K HOTeHIHAJIY, PasioKUB CJa-
raeMuie B (6.8) B pax mo cremenaM Majnoil Bexuanun d (mo opMyite
6uaoMa Hpiotona). OcraBnssg TOABKO mepPBHE CTeNeHN d, MK HAIH-
a1eM

d 2~ 2
(z ?) ~ z22—zd.

Yao6ao 0003HAUUTH

x2+y2+z2=r2_
Torga

<z_52i_>2+x2-{_y2zr2_zd=r2< _%1>

1 ~ 1 zﬁ@_g)—w.
r

VTt Vol

Paznaras B OumoMmaneHH# pam [1—(zd/r?)]~' m orGpacuBasn
yjeHH ¢ BHCIEMH CTeNeHAMH d, MH HOJydYaeM

Lird).

! oLy A
VTt e i)

ITogob6uO dTOMY, M

Buunraa 5T gBa wieHa, mMeeM [JA HOTeHIHAJA

1 .
q)(xa Y, Z)=m;§qd. (6'9)

Ilorennuan, a sHaudT, W IO0Je, ABIAAIONEECH €T0 IIPOUSBONHOM,
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D ue 6.3 Benmoprue o6oanavenus
0an dunoas.

OPONOPNUOHANBHE qd — NPOM3BEICHNIO 3aPAAA HA PACCTOSHHAA MEK-
Iy 3apAgaMu. ITO NPOM3BEeeHHe HABKBATCS JUNOALHELM MOMCHITLOM
Daps 3apAfOB, M MH 0003HAYHM e€ro CHMBOJIOM p (Ke nymalime
¢ mMnyabcom!):

p=gqd. (6.10)
YpaBrenne (6.9) Mo:xHO Takse 3amHCATh B BHe

A »s 8
oz, y, 2 ZZRE;FC:; , (6.11)

TaK Kak z/r=cos8, rge 0 — yroua MemxAy OCHIO NADOAA W PafUyc-
BEKTOPOM K TOUKe (2, y, 2) (cM. ¢ur. 6.1). [Homenyuas guooias you-
BaeT Kax 1/r® mpum QEKCHPOBAHHOM HALPABIECHHH (& ¥ TOYETHOrO
sapaga ou yOmBaer Kak 1/r). duexrtpudeckoe noie E gumoas mo-
aToMy yOHBaer Rak 1/r3.

M Mo;keM 3ammucaTs HAMY GOPMYNIY H B BEKTOPHOM BUAe, €CIII
oupefiennM p, Kak BeKTOD, a0CONIOTHAA BEJIMYHMHA KOTOPOTO PaBHa
p, a HampaBjenue BEOPaHO BIOAE OCHM JHIONA OT ¢_ K ¢,. Torxa

cosO=p-e,, (6.12)

r7e e, — eIMHUIHHIA pajHadbHHil BexTop (Pumr. 6.3). Kpome roro,
Tquy (z, y, z) MOKHO 0003HAIUTD 6yRBOPL r. Urax,
Junosvnulii nomenyuan:

Q) =B Lpr (6.13)

Ira QopMyna copaBemJIHBa JJIsI TWIOJLS HPOUBBOIBHON OpUEHTALAN
¥ IOJOMEHASA, eCIHM I' — BEKTODP, HANPABICHHKHA 0T AUOONA K HH-
_ Tepecylomeil Hac TOYKe.
Ecau Hac mETEpecyeT dIeKTPHIecKOe Hoje MU0, TO HY/KHO
B3ATH Ipaguenr. ¢. HanpuMep, z-KOMImoHeHTa HOJXsS ecTh —O¢/0z.
Jaa pumons, opEeHETHPOBAHHOTO BAOIH OCH Z, MBI MOKeM HCIIONb-

soBaTh (6.9): :
_%_ P 0 LA - 43
T oz hneydz T hmgg\r® 18 )
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Duz 6.4 Iiekmpuueckoe
noae Bunoaa.

niIu
__p 3cos?0—1
EZ _— E—T— . (6-14)
A z- ¥ y-KROMDOHEHTH paBHHI
_p 3= g p by '
¥ hnugy rs S T

W3 oTux ABYyX KOMIOHEHT MOKHO COCTaBUTh KOMIOHEHTY, nep-
neHdukyAapryl0 K OCH z, KOTOpAaA HA3HBAaeTCA NONEepedHO
KOMOOHEeHTOH K| :

_ - . _ P
El“l/EfnL E;, = z;;;o,a 22+ 7,

E. — p 3cosOsind
L 7 Zne, r3 '

}lJIH
(6.15)

[lonepegnas KomMnoHedra E| NeKUT B DIOCKOCTH IY H HATpap-
JeHa OpaMO OT ocH gmmoad. [loinroe mose, KOHeUHO, paBHO

E= ]/E 4+ E%.

Ione puuona MeHserca o0paTHO HPOmOPHHUOHAIRHO KyOy pac-
crosgausg ot Aunmond. Ha ocu npu 0 =0 oo BaBOE CuibHee, 4eM npd
8=90°. Hpu ofoux dTmx yraaxX DIEKTPHIECKOe IoJe obGmafaer
TOJbKO 2-KOMIOHeHTOH. JHaku ee mpu z=0 u upu z=90° nporm-
BONOJOKHK (Pur. 6.4).

§ 3. Banewanus o eexMmoOPHLIX YPACHEHUAX

- 3@ech, moKAuAyf, yMecTHO cHeiath o0mee 3aMedaHme, Kacalo-
Meecs BEKTOPHOTO aHANU3a. X OTA er0 TeopeMbl I JOKA3aHH B 00meM
BHfle, OFHAKO, IPHCTYHAA K pacueTaM W aHANHM3Y Kako#-mmbo 3a-
Jadgd, ciaegyeT ¢ TOJNKOM BHOUPATh HAIpapjieHWe 0Ceil KOOpHMHAT.
Benomuanre, 9T0 KOrjga Ml BHYWC/ISAN MOTEHIHAI KHIONA, TO OCh
BEHIOMpajiach He KaK TONAJ0, A ME HaNPaBWAW ee IO OCH AAIOIA.
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dro mammoro obserumiao Hamy 3angauy. Ilotom y:ke ypapHemHUA
OBUTY THepenHMCAHH B BeKTODHOH opMe M cpasy mepecTalal 3aBUCETE
or BHOOpa CHCTEMH KOOPEHMHAT. Temepsr ¢Tano BOSMOKHKIM BHOH-
paTh KaKyi0 YrOJXHO CHCTeMY KOODPAMHAT, 3HAd, 9TO {OPMyia oOr-
HEHEe Beersa Gymer cupasefampa. BooOme HeT cMuicia BBORUTH
TPOUBBONBHYI0 CACTEMY KOODPAMHAT, TA€ OCH HANPABJIEGHH TON Ka-
KUM-TO CJIOKHEIM YIJIOM, ©CIH MO)KHO B HAHHOH 3agade BHOpATE
CHCTEMY mOJy4Ylle, a y/Ke B CaMOM KOHIe BBIPABHTH Pe3ylnbTal
B BH/I® BeKTOPHOTO ypasHeHHA. Takr 410 crapaiiTech HCHOAb30BATE
TO OPEeUMYImECTBO BEKTODHHX YVPaBHEHWHA, YTO OHHE HE 3aBHCAT
HIf OT KaKOM CHCTeMEl KOOpZUHAT.

C mapyroit cTOPOHH, e€Clu BW XOTHTe HONCIMTATH [UBED IEHIIUIO
KaKOIo-TO BeKTOpa, TO BMeCTO TOro, 9ToOH cMorpers Ha y-E 1
BCHOMKHATH, YTO DTO TAKOE, JYIuIe PACIHCATH DTO B BHUAE

9E, OE, OFE,

P Ty e
Ecnm i 3aveM BHYHCAATE TO OTHENBHOCTH -, - K Z-KOMIOHCHTH
SIIEKTPHYECKOro Toad u mponupdepernupyere, To MOJYIUTe UCKO-
MyI0 fuBepreHamio. YacTo mpu 9TOM HCHRITHBAIOT TaK0e YYBCTBO,
Kagk OyATO mPOMBOMLIO YTO-TO HEKPACHBOE — CIOBHO, DPAaCIHCAB
BeKTOP MOKOMIOHEHTHO, HOTePIeN M HEYJady; BCe BPeMA KajKeTcs,
GynTo BCe HeilCTBHA HaJ0 NPOAEINHBATH TOAHKO ¢ BEKTOPHHMH OmHe-
paropamnz y. Ho gacro or HuUX HeT HHKaxoro npoky. Korga BH Boep-
BHe CTalnkuBaeTech ¢ KaKo#-TO HOBOM 3ajgauell, T0, KaK IpPaBHUIoO,
MOJe3HO PacHUcaTh BCe B KOMHOHEHIAX, 4TOOK yNOCTOBEPHTHCH,
970 BH HPAaBUABEO InpercraBisgere cebe, aré mpoumcxomgur. Her
HEYero HeKpacuBOro B TOM, 9T0 B YPaBHEHWS MOACTABIAWTCA
g@ciia, W HOT HEYeTO HEIPUIUIHOTO B TOM, 9TOOH HOACTABIATEH
IpPOMBBONHKME HA MECTO NpPWIYAIABHX CcEMBOIOB. Iaobopor,
B 9TOM-TO H IPOABJAETCA Balma MyApocts. Horeuno, B coenuansaom
sKypHale craTha OygeT BHIVIAMETH ropasfo mpuATHee (fa w DOHAT-
Hee), ecy BCe 3ammcaHo B BeKrTopHOM Buime. Ho tam Hamgo 3KOHO-
MUThH ellie ® MeCTO.

§ 4. Junoavnotii nomenyuar Kax paduenm

Mu xoTenm Gu Tenepb 0TMETUTH JIOOOMKITHOE CBOHCTRO $OPMYIH
pumoaa (6.13). IMoreAnuan MoyKHO 3amHACaTh TAK;Ke B BHIe

1 1
=—-Eé; pv(T) . (616]
HeticreuTenpHO, BHYHCIME Fpapguedt 1/r, Bu mosydnmre
1 r e,
v(F)=—r=—%
u (6.16) cosmager ¢ (6.13).
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AZ
D ue2 6.5 ITomenyuas 6 mouke )“‘;’A?
P om moweuroso sapada, nodns- % P
mozo na Az Had Hava.om Koopou- ) s
Ham, paser nomenyualy & Mmoi- e
xe P’ (na Az nuoce P) moeo e Ve
aapada, Ho NOMeUweHH020 8 HaAUaLe yd 4
Koopdunam. (//

L

Az
0 y
Z

Kax mu goramanuck 06 arom? Mu mpocro scmomawam, 4to e,/72
yiKe HOABIAIOCH B PopMyie JAud noas TOYGUHOTO 3aPANA U UTO
molie — 9TO TpajfiWedT RomMenyuals, H3MeHsomerocs ®ar 1/r.

CymecTtryer u giusuueckas OpUIMHA TOrO, 4TO AHNOIHHEI [0~
TeHUUaJ MO;KeT OKTh sanucadn B popme (6.16). ITycrs B Hagamo Koop~
JUHAT moMemer Todeunslit sapag q. [loremnmuan B Touxe P(x, y, 2)
paBeH

q
Po=7-

(Muosmkurens 1/4me, onycruM, a B KOHIe MH €r0 MOKeM CHOBA BCTa-
suth.) Ecim sapsapg --¢ Mu caeumEeM Ha paccroanme Az, To moTeH-
nuanx B Touke P uyTs mamenures, ckaskeM Ha Ag, . Ha ckoxsko xe
umerro? Hak pas Ha CTONBKO, HA CKOABKO USMEHUACA 6b WOTEH-
uuan, ecunu 6 3apAx ocmasuau B HoKoe, a P cMeCTHIE HA CTONBKO JKe
enus (pur. 6.5). Unage rosops,

A¢+=—%‘;—°Az,

rae Az osmauaer To e, uro u d/2. Beps @,=¢/r, Mu moxysaem
AiA TMOTeHOMANa MHONOKUTEIbHOT0 3apAxa

49_9(a\d
CP+=—"T—'—'6—Z(T>—2~. (6.17)

HOBTOPHH Te He pacCCyJHeHUsa ¢ INOTeHIHAJOM OTPpHOATeJ b~
HOrQ 3apapa, MOXHO Halucarthb

—q , 0 [—q\ d
e-= 45 (F) g (6-18)
A obmuit motemnman—upocTo cymma (6.17) u (6.18):
0 0o /1
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IIpy Apyrux pacHONOKeHWAX [UIONA CMeIIeHHe WOJJOIKH-
TenbHoT0 3apsfa MOKHO M300pA3UTH BEKTOpOM Ar,, a ypasHe-
mue (6.17) nmpepcraBuTh B BHAE

Ag, = —v@,-Ar,,
rHe Ar BHOcHencTBEM Hamo Oymer samenuTs Ha d/2. 3apepman
AOKA3aTeABCTBO TaK, KaKk 9T0 OHJO CHeJaHO BHIIe, MK NpmHBe-
mem ypasmeaue (6.19) x mmpy

1
¢=—vV: ( )qd
3to TO e ypapaeHMe, 910 ¥ (6.16). Hago Tonxpko saMenuts gd na p
¥ BCTABHUTH HOTEepPAHHHI mo gopore muomurens 1/4me,. Bsrasmys
Ha 9TO YpaBHeHHEEe WO-WHOMY, BHIEM, 9T0 BHOOJBHHH IIOTEHIMAN
(6.13) Mo:HEO TOAKOBATH KaK

?=—pVDp (6.20)
tae @, =1/4ng,r — notreHnUan eJuHUYHO20 TOYETHOTO 3apPA.AA.

Xors moTeHNEAT JAHHOTO PAaCIpeeleHHA 3aPANOB BCEIZa Mo-
yer OWTHh HaliieH ONpY NOMOMH HHATETPUPOBAHUA, WHOTHA MOKHO
cGepedp BpeMs, OPHAMEHHB KaKOW-HUOYAb XHTDPOYMHHIE mpHeM.
HanpuMep, HBa mOMONmp 9acTO HWPUXORUT HPAHIUN HAJIOMKEHHA.
Ecam maM pamo pacumpejieienne 3apsjioB, KOTOPOe MOMKHO cOCTa-
BHTH W3 IBYX pacHpemeleHui ¢ yiKe N3BECTHRIME HOTCHIIHALAMHE, TO
ACKOMHiI IIOTeHUHMAJ JErKO0 HOJYYHTh, HPOCTO CIO/KHB YiKe H3-
pecTHbie MEKAY coboil. Ham susom dopmyanm (6.20) — ogun us
OpUMepoB HPHEMEHEHHs dTOT0 IPHeMa.

A sor m ppyroit. Ilyerhb wMeerca cdepryeckas DOBEpPXHOCTD,
Ha KOTOPOil I0BePXHOCTHHIA 3apAfd pacupefelen IPONOPUEOHAIBHO
KOCHHYCY IOsApHOTO yria. MaTerpuposats Takoe pacupeeiienue —
3ajada, OTKPOBEHHO roBops, He us mpuATHHX. Ho Kak Hu cTpasHo,
HA DOMOIIs IPHXOAMT UpuHNUN HaxokeHnua. [Ipencrasbre cefe map
¢ OJHOPOIHOM 063eMHOIL MAOTHOCTHI0 NOIO;KUTENBHNX 3aPAHNOB U
ApYroil map ¢ Takoil ;xe OZHOPONHON 00BeMHONR IJIOTHOCTBIO 3APS-
JOB, HO HPOTHBOHOJIOKHOTO 3HaKa. llepBonadansHO OHM BIOMKEHH
ZPyr B apyra, obpasyd HedlTpanibHHI, T. €. He3aPAKEHHHE miap.
Ecnm 3aTeM HONOKMTENBHE IAD YYTh CMECTHTH NO OTHONIEHHIO
K OTPHIaTeNHHOMY, TO HYTPO He3aPAKeHHOTO HAapa Tak H 0CTAHETCH
HesapAKeHAKM, HO Ha OAHOH CTOPOHE BOSHUKHET HeOOJNBIION moIo-
JKATEJAbHBI 3apAA, a HA HPOTHBOHONOKHOI — TaKol e OTpHOA-
teasHHHA ($ur. 6.6). Y ecam oTHOCHTENBHOE CMEIEHEe ABYX INapPOB
Majio, TO BTH 3apAXH SKBUBAJEHTHH CYIIECTBOBAHMI0 WOBEPXHOCT-
HOTO 3apsAfa (Ha cdepugeckoli HOBePXHOCTH) ¢ HIOTHOCTBIO, HMPO-
NOPLHACHAIBHOR KOCHHYCY HOJSAPHOTO yria.

Horpma e maM moEamo0HUTeA IOTEHIUAN BTOTO PacIpejeseHnA:n,
10 GpaTh HHTErpanH He HY:KHO. MK 3HaeM, 9TO HOTEHIHAAJ Ka3KOT0O
SapPMAKEHAOr0 IMapa — B TOIKAX BHE €TI0 — COBHAAAET C MOTEHI[HA-
JI0OM TOYEYHOrO 3apAfa. A JBa CMEMICHHHX INapa — BCe PABHO, YTO
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DPuz 6.6 He pasio-
MEPHO 3apadceHHbie cfe-
P8, esoxcenHnble Opye 6
Opyea u caezkEa CHMeEUyeH-
Hble, oKEUGAAEHMHY He00-
HopodHoOMY pacnpebeaernuio
nogepIHOCMHO020 3apAla.

ABA TOYEYHHX 3apPAKA; SHAYHUT, WCKOMKIA TOTeHI(EAI B €CTh KaK pas
HOTeHIHA JHUOOJA.
TaruM DyTeM MO}KHO HOKa3aTh, 9YTO PacupefeieHne 3apsAEoB HA
chepe paguyca a ¢ MOBePXHOCTHOH HIOTHOCTRIO
0 =0,c0s0
L4
co3maeT cCHapYsKu chepH TaKoe jKe HOlle, KAK U HUNOIL ¢ MOMEHTOM
__Angyad
. o 3 ’
MoskHO TaK:Re HOKA3aTh, 9TO BHYTPH cepH mode MOCTOAHHO U
paBHO
' E=23
3gy°
Ecnm 6 — yroa ¢ monourensHOR OCHIO Z, TO DIEKTPAYECKOE IWOJE
BHYTpH cepsl HANPABICHO N0 ompulyamedbrol ocu z. PaccMorpen-
HHII HaM# OpEMep OTHIORD He JOCYKas BREIAYMKA COCTABHTENS 3a-
7a4y; OH HaM BCTDETHTICA emle B TeOPHH NUDIeKTPUKOB.

§ 5. ,Z[uno./wuoe npudbaudcenve 0aa NPoOUICOALHOZO
pacnpedeaenun

Cronp ke MHTePECHO M He MeHee BAJKHO IOJE JAIOEA, BOSHH-
Kawiee upu Apyrux obcrogreascrsax. Ilycrs y Hac ecth Teno ¢o
CIIOKHEIM pacupefeleHAeM 3apAAa, CKayKeM, KaK Y MOJEKYJbL BOEH
(cM. ¢ur. 6.2), a Hac HATEpECYET TOIABKO MOJEe BEAIH 0T Hero. Ml
NORaKeM, ITO MOKHO HOJIYYATh CPABHHTEIHHO TPOCTOE BRIPAKE-
HEe s MoNeH, npurogHoe A PaccTOsHuUit, MHOro GoabImEX, 1eM
pasMepH Texa.

Mu MoKeM CMOTpeTh HA 9TO TedI0, KaK HA CKOMWICHWE TOYeY-
HEIX 3apANOB ¢; B HEKOTOPOH orpaHmdenHoil obmacru ($ur. 6.7).
(lTozsxe, eciw moHagobuTCA, MEI ¢; 3aMeruM Ha pdl.) llyckait 3apap
¢; YEANeH OT HAYaJa KOOPAMHAT, BROPAaHHOTO I'fle-T0 BHYTPH IPyI-
UH 3apAfeB, Ha paccrosgrue d,. YeMy pamen moreHIuan B Touke P,
PacmoNIoKeHHOM THE-TO HA oTneTe, HA paccroanuu R, MHOrO G0Nb-
mewM, 9eM camoe Goxsmoe u3 d;? Ilorennman Bcero Hamero cKomie-
HEA BHpakaercA GopMymaodr o A

_ 1 % ‘ ‘ g
= g M I
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DPuz 6.7 Buuuctenue
nomenyuata e mouke P,
cusbHo  yoadeHHol  om
epynnu sapadoe.

rpe r;*— paccroanme ot P mo sapaAna q, (mnmaEa sekTopa R—d,).
Ecan paccTogamWe OT 3apsagoB X0 P (7o rouxu maGirofeHmsa) wpes-
BHYAHHO BEIHMKO, TO KajKI0e M3 r; MOKHO NpuaATh 3a R. Kampgmii
4jeH B cymMme craner papHMM ¢,/R, u 1/R Momuao Gyner BHHecT:
HM3-T0f SHAKA CYMMH. Honyqnfegﬂ npocmﬁ pe3yabraT

4m—:0 B Z 4ne dne, R’ (6.22)
rage Q — cymmapmstii sapsapg tema. Taxkmm oOpasoM, mm yGemu-
JIACH, 9TO U3 TOYEK, JOCTATOYHO YHAJEHHHX OT CKONVIEHUA 3aPANOB,
OHO KayKeTCA POCTO TOYeTHHIM 3apANOM. JTOT Pe3yabTaTr B o6meM
He OYeHb YAWBUTENCH.

Ho gro, ecim mONORATEIBHHX M OTPHIATENHHHX 3apANOB B
rpyoue okakerca noposay? CymmaprEi sapay () rorga 6yger pasen
HYT10. IT0 He TAKOH YK pefKumil ciiydail; M 3HaeM, 9T0 OO BIIHHCTBO
ren HeHrpansno. HefirpanpHa MomeKxyma BOOS, HO 3apaApfH B Heil
pPasMenaioTca OTHIOAD He B OFHO# TOUKe, TAK 4TO, HPUOIN3UBHINCEH
BIVIOTHYIO, M JOJGKHH OyaeM 3aMeruth KaKHe-TO NPU3HAKE
TOrO, YTO 3aPAAH pasgeldensl. Jus HOTeHIHAa A TPORSBOIHHOTO pac-
mpefieleHusA 3apAN0B B HelTPaapHOM Tele MH HYKTAEMCA B IpH-
GuapyKeHud, Ay4YmeM, 9eM HaBaemoe gopmymnoit (6.22). ¥Ypasmenme
(6.21) mo-mpeskEeMy ropufrcsa, HO mojaarath r; =R Goxbie Hean3A.
[as r; Hy)kHO BHpaskeHwe IoTouHee. B xopomeM HpHOAAKEHNN
r; MOH{HO cauTaTh orawdanmmmes or R (ecam rourka P cunsHO yha-
Jera) Ha upoekgmio Bextopa d ma mextop R (cM. dur. 6.7, mHO BH
ZIOMKHAKL TONBKO HPEHCTABAATH cefe, a0 P HAMHOTrO AaJblie, 4eM
mokasano). VHEME cioBaMu, eciad e, — eSMHMIHHIT BEKTOD B HauO-
pasieHun R, 10 3a caepylomee npubiamkenne K r; HY:KHO TPHHAATH

r;~R—d;-e,.. - (6.23)
Ho maMm Benms Hy;xno He r;, a 1/r;; oHo B HameM HpHOIEKeHUN
(c yaerom d,<<R) paBHO «
1 1 d,'-e :
+R g (1+R—’>- , (6.2%)
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