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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

21



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.
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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
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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



Vi

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,
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(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
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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-

72



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.
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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-

990
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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

91



[ T T T T I T T T2 Y T VYL Y]

= ) = ]

R o o e T

—_—

[pylka

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

1o



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.
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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.

113



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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IToacranue ato & (6.21), Mu ynnuﬁM, YT0 HOTeHNHUAN PABEH
d;.
o= (fr Do) 6

MHororoume yxassiBaeT WIEHH BHCIEro mopagka no d/R, ko-
TOPHMH MH npeHeOperny. Hak u Te wieHH, KOTOPHE MK BHINCAJIM,
9TO Imocjemylomue WieHH pasiaoskeHns 1/r; B pag Teitmopa B ok-
pectaocra 1/R nwo cremensM d;/R.

Iepexit ynen B (6.25) MH y7Ke TONYIMIN; B HEHTPAIBHKHX TeraX
OH mpomafaer. Bropoil unen, kKak m y mumoas, sasucur ot 1/RZ.
JeficTBuTeNBHO, €ClH MH 0npedeium

p=2,qidi (6.26)

KaK BeIMYMHY, ONHCHBANIYI0 pacHpeleleHHsA 3apAXOB, TO BTO-
poit wmen moreHnmmana (6.25) oGpatuTes B

L p-e (6.27)

43'(80 R

T. e. Kak pa3 e dunoavwbiii nomenyuas. Benwuwna p Hasmpaercs
OunoavHuM MoMenmom pacnpedeaerus. 310 oG0OmEHWe HaIIETo
NPEKHAEro OMpefeleHUA; OO0 CBOGUTCA K HOMY B YACTHOM CJIYydYae
TOYEYHKX BaPAROB.

B mrore MH BHACHMIM, 9TO HOCTATOYHO [HaJEeKO OT 4106020
Halopa 3apAfoB MOTEHIIMAJA OKABKLIBAETCHA GUIOJBHLIM, JHMb O
aror mabop Oma B uenoM meiirpanphuM. On yGmBaer, Kak 1/R3,
U MeHseTCH, KaK c¢os 0, a peauwdamHa ero 3aBHCUT OT AMIOJIBHOLO
MOMeHTa pacupegenenusn 3apanos. MMeHHO %O 5TOH mpHaMHe MOIA
BUIONeH M BasKHK; CaMH yke 10 cefe mapH TOYEYHHX 3aPANOB BCTPe-
43I0TCA KpafiHe pefKo.

Y MomeKyaW BOIH, HampuMep, HUNOJIHPHKEI MOMEHT [OBOJBHO
BellK. OJIeKTpHIecKoe moJe, CO3TaBaeMoe 3THM MOMEHTOM, OTBET-
CTBEHHO 32 HeKOTODHE BayKHHE CBOMCTBA BOAH. A y MHOIHX MoOJe-
ryxa, ckameMm y CO,, IAnonbERA MOMEHT HcdesaeT GIarogaps HX
cummerpud. s TaKEX MOMEKYJd pasioikeHHe HY/KHO TPOBOHMTH
ellje TOYHEE, O CHeXVIOMIUX WICHOB MOTeHOMALA, yOMBAMEX Kar
1/R® u HasHBaeMHX KBAJPYUOOJIbHHM HOTOHUMAJOM. OJTH CIy%ad
MH pPACCMOTPHEM IO3Ke.

§ 6. Iloan sapascennsix NPoeoOIHUKOE

Mg noKoHGHM HA 9TOM C IpEMepaMy TakuxX ¢uswdecKuX sajad,
B KOTOPHX pacipefielienne 3aPAK0OB H3BECTHO C €aMoro Hadaja.
Taxue sagadu pematorca 6e3 0coONX 3aTpygHeHHMH, B XyAmeM cay-
qae TpeGys HecKombkux mATerpupoBaHmil. Temepr MBI ofparmMes
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R COBEPIIEAHO HOBOMY THOY 3aJa¥ -— OmpefelNeHnio mojeid BOiamam
3apmKeHHEHX NPOBOKHAUKOB.

[IpepcraBuM cebe, 9T0 KAKHEE-TO 3apAJIH, OPOH3BOJHHNE L0 Be-
amanne Q, momMenieHH Ha nposofamKe. Temeps yike MHE me MoKeM
TOYHO CKa3aTh, rjge OHH pacmonoykatca. OHM KAK-TO pacTeKyTes
mo oBepxuocTH. KHak ke y3sHarb, Kak oHM Ha Hell pacupepmensarca?
Pacnpegenurbcs OHH JOJGKHEL TaK, YTOOK IOTEHIMAJ BONB BCeil
moBepXHOCTH ORI OfHAM # TeM 3ke. Ecum 66 moBepxHOCTH He OHuIa
OKBHENOTEHIUANLHON, TO BHYTPE LPOBOEHUKA CyNIeCTBOBAAO OH
3JeKTpMIeCKoe mOoje U 3apafgsl BHHYKAGHH Onim OH ABUraThCA
IO TeX mop, moKa moie He meueano On. O6myo 3axagyy Takoroe poga
MosHO OpuTo OBl pemrats Tax. IlpepmonokuM, 9T0 pacmpepenenne
BapAAG 3 TAK0e-TO, W paccumraeM morernualk. Eciu om oxasmBaerca
Ha IIOBePXHOCTH HOBCIOAY OXMHAKOBRIM, TO 3aaya pemeHa. Ecinm ike
IOBePXHOCTH He DKBANOTEHMANBHA, TO 3HATAT, ME CHEJAIH Henpa-
BHJABHOG IPeAIONOKECHNEe O pacHpefelleHMH 3apAJOB; CeixaeM HO-
BOE NpPefUONOKeHHe M HOcTapaeMcs, 4To0H oHO ORUIO yrawnee!
Tax MosKkeT npogosKaThea Ges Kofilla, passe 4To BH 370P0BO Halbe-
Te PYKy Ha Takux mIpobax.

Bonpoc o ToM, Kak morajmBathcAa O pacHpefeNeHUSX, MaTeMa-
THyecKy TPymeH. KHoHewHo, y mpHpoAsl ecTh BpeMs pemarthb ero;
3apAAHN OPUTATHBAIOTCA M OTTAJKHBAIOTCA HO TexX IOpP, HOKa He
YPABHOBECATCA B3aUMHO. A KoOrga MH mpo0yeM pemiuTh 3agagy,
TO Kampgas npoGa 3aHUMaeT TaKk MHOT'O BpeMeHH, YTO 9TOT METOf
OKa3HBAETCHA OJYeHHL TpPOMO3EKUM. HorTjga wMmeeTct NPOW3BOJIHHEN
c/OKENE HA0OP OPOBONHWKOB X 3apAHOB, 3aada BeCchbMa YCJIOK-
HAETCH, U B 00IIeM ciryIae He MOsKeT OHTH pemeHa (Ges COenUaJbHO
paspaboraHHKIX YmCIGHHWX MeTomoB. Takme dmcieRHHe DPacyeTH
B HAIUM AHU BHOOJXHATCH HA CYCTHHX MAIIAHAX, KOTOPHE MOIYT
BCce IOCYMTATL 32 HAC, eCAM Mbl WM OOBACHEM, KAk 9TO ¢fHelarth.

C Apyrofl ¢cTOPOHE, UMEEeTCA MHOFKECTBO MOIKUX HPAKTHICCKHX
cIydaeB, B KOTOPHX, K HalleMy YHOBOJIBCTBHIO, YAAeTCA HOOUTHCA
pelieAMA KAKHM-TO IPAMEIM MeTOLOM, He COCTABIAA HPOTpPAMMH
nnsa mammas. Ha mame c9acrbe, BO MHOTHX CIAYYaAX C HOMOIILBIO
TOTO TWIA WAOTO, JOKyca MOKHO BEIKATH OTBET U3 HPHPOME.

IlepBrit Taxoif PoKyc, KOTOPHI MH XOTHM BaM IIOKasaTh, CO-
CTOMT B HCHOJB30BAHWM VjKe U3BECTHHX pelieHwid 3agad ¢
QHKCHPOBANHKM PACHON O/KEHUEM 3apANOB.

§ 7. Memod usobpaxcernuii

Mu ompemenmim mone AByX ToYedHHX 3apanos. Ha ¢ur. 6.8
OKAa3aHH HEKOTOPHE JMHWM TMOMA M dKBHNOTEHIMAIHHLE TOBOPX-
HOCTHA, NOJYYeHHEE M3 PACYETOB, OPHBEIEHHNX B Ii. 5. Pacemor-
PEM Temeph 9KBUIOTeHHHANBHYI0 mopepxHOCTh A. Ilpexmomorxmm,
9TO MH W3OTHYJIM TOHKHA IHCT MeTa/lla TAK, YT0 OH B TOYHOCTH
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D ue 6.8. Juwuu noas u srsuno-
menyuaibHble noseprHocmu - deyx -
moxeunnr sapsdos.

HAKJIAJHBACTCA HA TY HOBEPX-
HOCTh. Ecnu ero fgeiicTBuTeNb-
HO HAJOKUTh W YCTAHOBHTH |

Ha HeM NPaBUIbHOEe 3HAYEHUE

DOTEHIAAIa, TO HUKTO He Gymer .

Hanke 3HATH, 9TO OH TaM JeKUT, HOTOMY 4TO HEYEro oT ero mosaBJje-
HAS He W3MEHWIOCH. )

A teneps BaruasHUTe BAmMatexbHee! Ha caMoM-TO mesre MH pe-
WWIN 337a9y ysKe ¢ HOBHM YCIOBHEM: HOBEPXHOCTh H3OTHYTOTO
OPOBOAHEKA ¢ 3afaHHKM IOTEHIMANOM IOMeHmeHa OJHM3 TOYeIHOTO
sapafga. Ecaim Ham MeTaldWdecKHil JIMCT, YJIOKEHHHIX Ha BKBH-
OOTeHIIHANBHYI0 IOBePXHOCTB, 3aMHKaeTcA caMm HA ceba (mnu
TAHETCA OUeHb [aleKo), TO HONYIaeTcs KAapTHHA, PACCMOTPEHHAR
B ri. 9, § 10, Korga DpOCTPAHCTBO HEJMTCA HA ABe 00JacTH: OXHA
BHYTDH, APYTasd CHAPY)KM 3aMKHYTOH NpPOBOAAMNIeH HIOBEPXHOCTH.
TaM MH TpEmIE K BRIBOAY, 4T0 HOJSA B STUX [JBYX 0061ACTAX
COBepImeHAO He B3aBHCAT APYT or Apyra. Tak 49To He3aBHCHMO
OT TOr0, KAaKOBO NOJe BHYTPH BaMKHYTOr0 NPOBOJHHKA, CHa-
PY/KE 1OJie BCeTZA ONHO M TO Ke. MOoKHO [dake 3aIOJHATH
BCIO CepPOUEBMHY NIPOBONHWKR OPOBOMANIAM MaTepUajioM. Bh-
XOMT, HAM Yy[aJioch HalTH nojde HpH KOHGHUrypamuu HPOBOTHUKOB
u sapagom, wsoOpaykeEHO# Ha ¢ur. 6.9. B mpocrpamcrse Bme
DPOBOJHEKA HOJIe KAK pPas Takoe, KaK Y ABYX TOYEUHHX 3apANOB
(cm. ¢ur. 6.8). Bryrpm nposogamka omo Hyns. M, Kpome TOTO,
DJIEKTPAYECKOE HOJe, KAK U CJIeJOBANO OKULATH, ¥ caMoil moBepx-
HOCTH IPOBOAHMKA HOPMAJbHO K Heil.

Wrak, Mar MoskeM paccquraTh moidA ua dur. 6.9, Bwumcans
nojie, CO3TAHHOE 3APAIOM ¢ ¥ BOOOpAKAEGMBIM TOUEIHHIM 3aPANOM
-—¢, DOMEMEHHKM B HOAXONANEM MecTe. A Toueunwlil sapax, Ko-
TOPHI MH OPpeAcTaBWiIn cefe CYMIECTBYIOWMM 3a IPOBOJAIMEH mo-
BEePXHOCTBIO, TAK M Ha3HBAeTCA 3apAdom-usobpadceniiem.

-B mEmrax Mo;KHO HATH AJAHHHE IEepPedHH pemeHWH 3agavl
DIEKTPOCTATHKHA [JIA THNepOOoIMIeCKUX HNOBOPXHOCTell M JPYIrHX
CI0KHHX MTYK. Bac Mormo 6H yARBHETH, KAK 9TO YAAJICCH paccim-
TaTh moAA Gams mosepxmocTedl croams ymacHoH ¢opmMu. Ho omm
Guuim paccamrans 3afoM mamepex! Kro-to pemmn mpocryno zagaty
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Dua, 6.9. ITose ene nposodrura,
U30eHYMO20 6004b KEUNOMEHYU-
aavrol nosepxrocmu A Ha npe-
dndywen pucynre,

Mposodnur

¢ ¢uKCHpOBaHHHMY 3apAfaMu. A 3arteM 00HADYKWI, 9TO IOABIA-
J0TCA HEKOTODHE dKBUIOTEHIMAJNbHEE HOBEPXHOCTH HOBOL $opMEL,
HY # Hanmecan pabory, B KOTOPOIl yKasaja, YTo HOAA CHAPYIKH IPO-
BOTHUKA TaKOH (OPMEI MOTyT OHTH H306PAKEHH TaK-TO @ TAK-TO.

§ 8. Toueunwtit 3apad y nposodauieit HaA0CKOCIMU
¥ B xauecrse OPOCTENIIEro NPUMeHEHHUA 3TOr0 METOA MCIOAb3yeM
WIOCKYI 3KBHIOTeHIVMANbHYI0 HoBepXHOCTH B (cM. ¢ur. 6.8).
OHa moMoKeT HaM DelINTh 3aJaYy O 3apsAfe BOIU3M HpoBOjAmeiR
miockoceTd. Jliad dTOro 3agepKHEM LPOCTO JEBYI0 YacTh (HIYpHL.
Jluaum monA Hamero pemenuA mokasams Ha ¢ur. 6.10. 3aMerbre,
970 MAOCKOCTH O0NAfaeT HYJIEBHM IOTEHI[HAIOM, HOTOMY 4TO0 OHA
HAXORWTCA KaK Pas HA DOAMYTH MEKAY 3apagaMu. Mu pemunnm 3a-
Zagy 0 MOJOKUTEIbHOM 3apAfe BONHM3M 3a3eMiIeHHOH mpoBomAmei
TMIOCKOCTH. .

Tar MBI y3HaJXHM cyMMapHOe Imojie, HO IT0 MOKHO CKa3aTh 0 TOM,
KAKOBH Te PeabHble 3aPANH, KOTOPHe cosfand ero? KpoMe Hamero
TOJIOKUTENBHOTO TOYEUROTO 3aPANA, UMHA ABIAIOTCH KAKHE-TO OTPH-
natejdbHbE 3aPARH, HaBeJeHHEe Ha OpoBOofAmell miockocTy U npu-
TAHYTHE MOJIOKATEIBHEM 3aPAROM (¢ KAKUX-TO FANEKUX PacCTOA-
guit). Ho teneps mycth BaM 3aX0Tesoch y3HATh (TO M A TEXHU-
YecKdX Ieseil, TO du HpocTo w3 J00NNTCTRA), KAK pacHpefeleHs
3TH OTpUIaTeXbHEle BapAAN 1m0 uosepXHoctu. IlopepXHOCTHYIO
MI0THOCTH 3aPANa BEL CMOMKETe Y3HATh, MCOOJIb30OBAB Pe’3yIbTaT,
TMONy9IeEHHH B I, 5, § 6 upu momomu Teopemsr I'ayecca. Hopmans-
Hafg COCTABIAMAA DIEKTPHEYECKOr0 IONA BO3JNE CAMOT0 HIPOBOJ-
HEKA PAaBHA IIOTHOCTH IIOBEPXHOCTHOTO 3aPAMA G, AeJIeHHAOH HA &;.
M= MoKeM Y3HATH MIIOTHOCTD 3aPAAA B KaKA0H TOTKe HOBEPXHOCTH,
OTOpaBAAACh HA3aJ 0T HOPMAXbHON COCTABIAIOMEN dieKTpmIe-
CKOTO IO HA HOBePXHOCTH. A ee MH 3HaeM, IOTOMY 4To B0oGIme
HaM H3BeCTHO Hojge B 000l Touke.
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PaccMOTpEM TOYKY IOBEPXHOCTH HA DAacCTOAHMH 0 OT Toil
TOYKH, KOTOPAdA pAacCIoioKeHa HPAMO HPOTHE HONOKUTEIBHOrO
sapsaga (cMm. ¢ur. 6.10). DnexTpmUecKoe mojie B ITOH TOYKe HOP-
MalbHO K HOBEPXHOCTE W HAIparjieHo BHyTph Hee. Cocrapasnomast
DOJA NOAOHUMEALHOZ0 TOTETHOrO 3apAja, HOPMaJAbHAA K MOBEPX-
HOCTH, PaBHA '

Bpp=— s (6.28)
m-:o (a2 +p?)°" .

K meit Mu gonstan J06aBATH 3JEKTPATIECKOE TONE, CO3TAHHOE OTPH-
HATEILHHM 3€PKANBHEIM 3apARZOM. JTO YABOHT HODMAIBHYIO CO-
CTABJNAIYI (I YHXITOKUT BCe IPOYME), TAK YTO IJAOTHOCTH 3a-
pAAa 0 B ONPOU3BOJABHON Touke moBepXHocT: Oymer pasua

2
o (p)=¢.E (p)=— - (azi‘?&)x/g ) (6.29)

[Iponaterpuposas ¢ OO0 BCce TOBEPXHOCTH, MBI CMOKeM IpOBe-
puTh Hammi pacdeTel. MH NOMKHE HDONYYHTHh Bech HaBeJEHHEBI
3apsag, T. e. —(q. '

Eme ofup Bompoc: feiicTByeT JHm Ha TOYeUHEIH 3apAf cmia?
JIla, moromMy 4TO HaBefleHHEE HA INIOCKOCTH OTPHIATENhHEIE 3aPAIH
HOMMHBL €70 OPUTACMBATh. A pas ME 3HaeM, KaKOBE 9TH DOBEpX-
noctabie 3apans [no dopmyne (6.29)], To MomeM ¢ MOMOIBIO MHTEr-
PUPOBAHUA HOACIHUTATH CHIY, REHCTBYOMYIO Ha HAII I0JOKATENb-
uniit sapag. Ho Mu Benp smaeMm taxke, wro cuiua, jeiicTBywomasd
HA HEro, B TOYHOCTH TaxKad, KaKod oma Onina 6w, ecaum G BMecTo
IJOCKOCTH OHLI OMWH TOJBKO OTPUIATENBHEI 3epKaNbHBINA 3apsf,
TWOTOMY 9TO MOJA MOGAUB0CTH OT HUX B 000MX CAYyIafdX ONAHAKOBH.
Todgeannii 3apag TeM CaMbiM MCUETHBAET CHIY upmﬁmemm K W10~
CKOCTH, PABHYIO

- A 4ne g {2a)

Mu ompepenwiu 8Ty cuiy odYeHb Jerxo, 0e3 MHTErpHpPOBAHUA IO
OTPUIATEILHEIM 3apAAaM.

§ 9. Toueunsiii sapad y nposodauedi cghepur

A Kaxue eile TOBEPXHOCTH, KPOMe WAOCKOCTH, UMEIOT MPOCTOe
pemenne? Camasg npocrag us3 HuX — cdepa. lonpoGyem onpegeants
mOJIA BOKPYT METAIIUIECKOM chepsl ¢ TOTeTHHM 3aPATOM ¢ BOIM3N
nee (Pur. 6.11). Ilpugerca nouckarh TpocTyw PU3MIECKYIO 3a1a9y,
1A KOTOPoil chepa ecTh DKBUUOTEHIMANBHAA HOBEPXHOCTh. Ecau
MBI JIPOCMOTDHM Te 3ajadi, KOTODHe Y)Ke pemeHk, TO YBHJEM,
9T0 y OO OABYX HEPaeHbZ TOYCYHHIX 3aPAMOB OfHA M3 DKBHIOTEH-
OUATHHHX MOBEPXHOCTEN KAk pas m ecth cdepa. Or™eTuM cebe sTo!
Ecnm M Kak caegyer mogfepeM WOMOKEANE 3dPAIA-H306paKenus
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@Due 611 Toveunnii RN r

sapad q Hasodum Ha aq-

BeMAEHHOU nposodawyeil a 2

cpepe aapsadw, Komopme | b -
cosdarom nose, makoe ice, N

Kak y aapada-usobpaice- P\ 7

HUR, noMeueHN020 8 YKa- a . _ @
sannol mouxe. B 7="%1

U HY/KHYIO €r0-BeIWUNHY, MOMKeT OHTh, TOrTa MBl I CMOYKEM IIOJZO0-
rHaTh SKBHOOTEHIMAJBHYI HOBEPXHOCTh K Haimmed cdepe. IT0 I
BIPAMB MOjKeT OWITH clesaB0, ecldd AEHCTBOBATH IO CHEAYIOIEMY
peuenry. .

Iomosxum, 9T0 BH XoTHTE, 4TOOH SKBUIOTEHIIHATIbHAS HOBEPX-
HocTh Omia cdepoit paguyca a ¢ HWEHTPOM, OTCTOAMMM OT 3apsAja
q Ba paccrosrme b, IlomectmTe m300pajkeHue 3apAa BeIHUHHH
q' =—q(a/b) Ha pagumyce, OPOXOAAIMEM Yepes 3aPAX HA PACCTOAHAH
a?/b or nenrpa. Ilorennuman cheps mycTh GyHeT HYIb.

MareMaTHuecku mpudmHA COCTOMT B TOM, 9TO cdepa ecTh reo-
MeTpHIeCKOe MeCTO TOYeK, OTHOIIGHHE PACCTOSHHUI KOTODHX OT
ABYX TAHHWX TO4eK moctoamrHo. Hak cieayer u3 $ur. 6.11, moren-
ogax B Togke P or sapsamoB ¢ u ¢’ mponopruoHANeH CyMMe

’

g 47

ry ' org

u OyZeT paBeH HYJI0 BO BCOX TOYKAX, [l KOTODHX

’ r ’
T2 gym 2=_—-1,

re ry T q

Ecau Mu momemaeM ¢’ Ba paccrosigud a*/b or meHTpa, TO OTHOME-
HEe I'y/r, paBHO mocroamHoU Benwdmee a/b. Torpa ecam

r__a, (6.31)

To chepa cTaHeT SKBmHOTeHIManbio. [loTennnan ee Ha caMoMm fexe
Oypmer paBeH HYNIO.

A dr0, ecad RaM moHago6uTCA chepa ¢ HEHYIEBEM DOTEHIAAIOM?
Benn 08 paBeH HyJII0 TOJBKO TOTAA, KOA e CyMMaDHEII 3apAf cly-
vaiino oraskerca pasEnM ¢'! Homeudo, ecam ee 3a3eMauTh, TO
HAaBEJEHHE® Ha HEH 3apAIH OKRAKYTCA B TOYHOCTH TAKMMH, Kak Ha-
mo. Hy, a ecam ona 3am30aMpoBaHa ¥ Msl He CHAGMWIN ee HEKAKAM
sapagom? Mum cmabnmnu ee zapagom Q5= q'? Nim oma maxommres
TIOf] HAIDsHKeHHEM, He pashbii Hymo? Taxkue Bonpocu paspemaircs
cxofy. Beerma Befnr MokHO H06aBHTh B HEATD cepH TOUeUHHIH
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sapaAn ¢°. Ilo mpmENEOy mano)keHEA cdepa BcePAa OCTAHETCA K-
BAOOTEHOUAIBHOH, a M3MEHHTCA TONbKO BEJIMUYMHA HOTEHI[HAAA.

Ecam y Hac, cRameM, ecTh OpPOBoAsAmAA cpepa, mpeBapATEI b-
HO pa3spA/KeHHAA W M30JAPOBAHHAA OT BCETO, A MK MOJHECAN K Heil
TOJOKUTEeNbHNH 3apall g, T0 cyMMapHHII 3apAx cdepsl ocTaHeTCA
PaBHHM HYI0. Pemenne MoyxHO HANTH, B3AB TOT 7Ke, YTO U Mpexe,
3apsi-n3obpaskenne ¢' u BAoGaBoK K HeMy 3apAx B meHTpe cdeps,
TaKoil, 4ro

¢=—q=3q (6.32)

Ilonsa mosciogy BHe cdepsl GYAYT HOJAYIATHCA HATIOKEHHEM meeil
or ¢, @' u ¢". 3agaga pemesna.

Teneps AcHO, 9To MemAy cdhepoll W TOTCTHEIM 32 PANOM ¢ TOIE-
HA CymecTBoBaTh cmia mpard:kemumda. OHa He mponagaer, gamke
ecim cdepa HedTpasbHa, HA Hell meT HUKaKoro 3apaga. OTkyna ke
Oeperca mpurmrenme? Horfa Bm mogHOocHTe K ODpoBoAdmeil cdepe
TOJOKUTENbHEI B3apAN, TO OH OPUTArHBAeT OTPHLATEIbHHE B3a-
PASH HA GIWKHAN KOHEI[ cOEepsl, MOJQKHUTENBHHE Ke OCTABJIAET
Ha JaixbHEM. A ODPHTAKeHNe OTPHIATENBHEIMI 3apALaMu Oepe-
BEMABAET OTTANKUBAHEE MOJOKUTENbHEIMHA; B HTOTe OCTAETCH HpH-
mwedne. CHny ero MOYKHO IPAKUHYTH, HOACIATAB CHIY, AelCTBYIO-
myw Ha ¢ B moje, cosgannoM ¢’ u ¢". CyMMapHas cumia paBHa cmie
OputAkeHAs MeRAy sapaAgamMda ¢ u ¢’ =—(a/b)q Ha paccrosnmm
b — (¢%b) mawc cuna orrankmBaEuA ¢ m 3apAna ¢"=- (a/b)q mHa
paccrogHEE b,

Ecau BH B fieTcTBe MIOOMIH PasTisifHBATEL JRYPHAM, Ha 0010%K-
Ke KOTOpOrn OHN MOKa3aH MaJb9WK, PasIiIAJHBAONIUA >KypHAJ,
Ha 00JI0)KKe KOTOPOro MOKasaH Malb4lK, PasIiANKBAOINHAN JRYp-
HaJ, Ha 00I0:KKe KOTOPOro..., TO BAC 3aHHTEpecyeT W CIeAymasn
sagada. Ipe ogmmarossie cdepsl, ogna ¢ sapamoM -+, a gpyras
¢ 3apA7OM — (Q, PACIONOKEHH HA HEKOTOPOM DACCTOAHHH APYr
or gpyra. Kakopa cuna npuramennsa Mmerny HaMu? 3afaga pemaer-
cA mpn moMomu GecKOHEUHOro Kommdecrsa maobpasxenumil. Ilepnoe
ppubamraer Kaxayo cpepy 3apsageM B ee meHTpe. ITU 3aPAMK
cO3HAI0T cBOW m3o0paskeHHA Ha Apyroir cdepe. ¥ maobparxenmit
B CBOI0 0Yepefb ecTh cBOWM M300paskeHHA @ T. 4., A T. A., U T. H.
Pemenne 37ech — Bce paBHO 4TO KapTuHKAa Ha obnoke. Cxo-
AATCA OHO 09€Hb OHICTPO. .

§ 10. Ronodencamopust; napasiesvisie Naacmust

Tenepp ofpataMcsa B gpyroMy pOAY 3ajad, CBABAHHMIX C IIPO-
BogHAKaMHA. PaccmorpaM fiBe mmpokue MeTaJIMYECKHe IIIaCTHHEH,
mapajiielbHHe MGKAY co60ll B pasgeneHHEe Y3KUM (IO CPARHEHMIO
¢ HX pasMepaMm) OpPOMeKYTHOM. llpemonoxmm, 9ro HIacTHHH
HA3JeKTPU30BAHN pABHEIMHA, HO OPOTHBONOIOKHKIMHA 3apAZAMH.
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3apsAAsl OAHOH mIACTHHH GYAyT MPUTATABATE K cebe 3apsjbl Apy-
roif ¥ WOTOM PaBHOMEDHO PAacHpeNeXATCs HA BHYTPeHHEH IOBepX-
HocTd wiacrmH. llycrs moBepXmocTHAA WIOTHOCTH 3apAHOB HA
miacTuHax Oyner +0 m —6 coorsercTBenHo (pur. 6.12). U3 ri. 5
MBI 3HA€M, 9T0 HOJIe Me;Ky WIacTHHAMHU PABHO 0/g,, 4 ONe CHAPYKH
ONAacTHH paBHO BHYJW. llmacTuEm o0xagaloT HepaBERIMYM IOTeH-
nuanaMa ¢, m ¢p. Ux passocra V ynobuo gath ocoboe umsa, ee sacto
HA3HBAIOT «HALPIKeHHEM»
Pr—@=V

[BexoTopHe o6o3BavawT GyKBoil V moreAnuan, Mu ke ero oGosma-
guigu OyxBeoil ¢].

PasHocrs moreHnmanos ¥V — 310 pabora (Ha egmEmmy sapsapma),
Tpebyemasa [IA mepeHoca HeGOIBNIOro 3apsAga ¢ OXHON MIACTHHE
HA APYTYI0, TaK 4TO -

V=Ei=2 4= 9, (6.33)
€94

€

rae -=Q — cyMMmapHEIL 3apaj Kampoil maacrueH, A — ee mwio-
mags, d — Ieab MeRAy WIACTHHAMI.

Mu BunmM, 9T0 HampsKeHMe HPONOPLUOHAJBHO 3apaAxy. Jta
IpOUOPHUOHATBHOCT MeENY V i Q cobiiofaercsa g M06HX ABYX
OPOBOAHUKOB B HPOCTPAHCTBE, €CJIHM HA OJHOM U3 HAX HMeeTCA
Oaoc-3aPAN, a Ha JADPYroM paBBHIl eMy MHAHYc-3apsfg. PasHOCTD
DOTeHIHAIOB MEKAY HEMH, T. €. HaHPA;KEHHEe, OKA3HIBAETCHA IpO-
TIOpUMOHANbHOM 3apARy. (MH mpepgmosaraeMm, 4To BOKPYT HeT HH-
KaKHX JpPYruX 3apAafos.)

Ilouemy Bosmmkaer sta mpomopumoHaabmocTb? Ilpocro us;3a
mpuHIANA HanoeHna. Ilycts Ham usBeCTHO pemenme Aag omHOI
COBOKYHOHOCTH 3apAfO0B, a NMOTOM MH HANGKHEM Ha HEro JApyroe
TaKoe 3e pemenme. 3apAK YABOATCA, HOAA yaBOATCA, pafora me-
peHoca 3apsAfa OT TOYKE K TOUKe Toke yABourcs. I1o aToit npmaune
PasHOCTh HOTEHNUANOB JBYX TOYeK HPONOPLMOHAIBHA B3apsamy.
B wacraocrm, pasHOCTP DOTEHIHANOB JBYX NMpPOBOJHUKOB TPOIOP-
OHOHANBHA HX 3apafaM. IJTY OPOHOPHUOHANLHOCTH KOTHA-TO
pemmiy 3anncwBaTh uHave. M craxm mmcars

Q=CV,

rge C — mocroanHoe whcno. ITOT KodPPUnUenT HPOmOpHEOHATLE-
HOCTH HA3BAIH _eMKOCMbl0, & CHCTeMY JBYX HPOBOJHHKOB —
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Kondencamopox. Ina Bamero KOBAeHCATOPa N3 NapajjdelbHHX
nIacTHl , .

c =E~;£ (napanaennnne obriuagu). (6.34)

Jra opmyna HeToYHA, MOTOMY YTO [OJEe B HPOTEBOPEIHH C Ha-
mMEM UpeANOJOKeHWeM Ha CaMOM felie He BCIOLY OJHOPOKHO.
Ilone Be KomRuaeTca cpasy Ha pebpax mracTmH, a IOXO/Ke CKOpee
Ha TO, 910 U300 paskeno na gur. 6.13. Cymmapusiii sapay ToKe pasen
HE UA, KaK MHE [PEeINOJOKEIN; CyHEecTBYyeT MajieHbKAA MOIpaB-
Ka Ha kpaesoil a¢derr. YrobH 3HATH, KAKOBA OHA, HAJIO TOYHEE pac-
CYHTATH TOJE M DOCMOTPEeTH, ITO NPOHCXOAMUT HA KpaAX. ITO OYeHH
CIOKHAA MaTeMaTHIecKasd 3a7aua, OJHAKO ee MOMKHO PemuTh mpH
TOMOMM TeXHWKH, O KOTOPOil MBI, BIpPO9eM, FOBOPHTH 37ech He 0y-
nem. Pacuern mokassiBaioT, ITO ILIOTHOCTH 3AapAJ0B BO3Ae Kpas
mIacTHH CJIerka BO3pacraer. JTO 3HAYAT, YTO €MKOCTh IJACTHH
4yTh BHUNE, 9eM MH gyMaau. [Xopomee mpubiamKeHNe [iIsi eMKO-
CTH MOKHO ODONYYIUTH, ecAm B ypasHeaum (6.34) mpmusats 3a A
mI0omanghb, KOTOPYI umesy Ov WIACTAMEl, eciu O WX PACHIMPUAN
Ha %/, PaccTOAHMA MeXAy HHMH.] :

Mu ropopund moOKa TONBKO O eMKOCTM JABYX NIPOBOAHHKOB.
Wnorpa mopu roBopAT 0 eMKOCTH mpeaMera camoro mo cebe. Tax,
rOBOPAT, IT0 eMKOCTh cdeps pajmycoM a ectb 4meqa. lIpu arom
MOApPa3yMeBaeTcs, UTO BTOPHIM IOJ0cOM ABndgerca cdepa Gecko-
HEYHOr0 pajayca, T. €. YTO eci¥ Ha cdepe moMemeH zapag -+ Q,
TO TPOTHBOIOJOKHLIM 3apsizoM — (@ oOmafgaer GeCKOHEYHO GOJNb-
masa cpepa. MokHO rOBOpHTH TAKMKE O EMKOCTAX W TOTJa, KOrfga
OpPOBOJAHHKOE TP wWiId GOJbme TpeX, HO 06cym11erre 9TOT0 BO-
npoca MEl OTVIO/RMM [0 JYYIIAX BPEMEH.

Ilycts mam HEOOXOAWMO HMeTh KOHAEHCATOD OYeHb 00JbIION
emMrocTa. Boabmyio eMKOCTL MOKHO IONYIUTh, BBAB 076HD GOJBIIYIO

naomank I O49eHb MAaJIhIid

OPOMERYTOK. MomKHO mpo-

\ JO/KATH ATIOMHHAEBHE JICH-

THl IPOBOIEHHOH Gymaroi
u cMOTaTh WX B TpYyORy.
(Ilomectu ee B maacrMmac-
COBYI0 YHAKOBKY, MH HOJY-
9aM THOWYHHE paguoKOH-

11

~ Dusz 6.13. Saekmpuneckoe nose
Y Kpaes JeyT nAPALLEILHHI NAG-
mun,
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mencarop.) 3adeM oHM HY/XHH? OHO UPHFONHBI JIA TOTO, YTOOH
HaKannuBaTh 3apAf. Ecam Om Mmel 3axorenm, Hampumep, coGparsb
3apaf Ha KaKOM-TO Iape, TO ero MOTeHHHAN OHCTPO IOACKO-
9qu1 6B, & BCKOpE Tak NOJHSXCA Obl, 9TO 3apAAH CTaJu OH CTERATH
B BO3AYX, M 0T mapa nocHuaiuch Onl mckpu. Ho ecam tor e
3apsAj DOMECTHTh BHYTPHL KOHJeHCATOpPA GOJNBIIONH eMKOCTH, TO
HanpspKeHHe Gau3 KOHZeHCAropa OyAer O4eHb MajbIM.

Bo MHOrEX 3TeKTPOHHBIX CXeMaX IOJe3HO HMeTh YCTPOICTBO,
criOCc0o0HOe MOTIOMATE MK BBACAsiTH GO bIINe KOTUIECTBA 3aPALOL,
3aMeTHO He N3MeHs 1 noTennuat. Bor RongercaTop (MK ¢eMKOCTEY) —
Kak pas Taroe ycrpoictso. Ou mMeeT MHOMKECTBO MpUMEHeHHII O
B IeKTPOHHHX UpmO0pax W B CYeTHHX MammBax. TaMm OH HCHONDL-
3yeTcs AAA MOJydeHus ONPefeleHHOTO H3MEHEHUS B HANPAREHUI
B OTBer Ha TO wiIH WHOe usMeHeHue 3apsga. C monoGHKIM mpmMe-
HEHHEeM MHl yyKe MO3HAKOMIUIUCH B BHIL. 2, ri. 23, KOrga OOACHBa-
AU CBOMCTBA PE30HAHCHHX KOHTYPOB.

U3 onremenenums C MH mojyvaeM, 4TO efUHUIA eMKOCTH eCThb
Kyaon/6oabm. OTy eIMHBIY Ha3HIBAIOT Takxke gapadoli (f). A pras-
gepinuch B ypaeHende (6.34), MBI BHMAHM, 9T0 €, MOJKHO BHPA3UTh
B iapadax/memp (f/m); sra enunAmna OOHYHO U TPUMEHAETCA.

g ==

— Hl M

36x-10

Tunmuaple eMKOCTH KOHAEHCATODPOB JiejKar B mHTepBane or 1 mumk-
pomukpodapags (mEmkg) [mam, 910 TOKe camoe, 1 nmrodapaan
(1 ngp)] mo munnudapan. Heborbimue KoHAeHCATOPE HA HECKONBKO
nukodpapaf HCOONB3YIOTCS B BHICOKOYACTOTHHX KOHTYpax HacCT-
poilkm, a eMKOCTH HOPSIKA COTEH WJAR THICAY MHRpodapag MH Ha-
xouM B cmaosmx ¢mabrpax. [lapa oOxkuamor ¢ mnomaneio 1 cu’
¢ upoMeskyTROM 1 Mm uMeer eMrocrb npmmepHO 1 nd.

§ 11. IIpo6oii npu 6bICOKOMN HANPAHEHUU

Ceitvac MH KaYeCTBeHHBIM 006Pa30M PACCMOTDHM HEKOTODHE Xa-
PAKTEPUCTUKH TOJeldl BOKPYT TPOBOJHUKOB. S3apAgMM 3JIeKTpH-
4ecTBOM UPOBONHHUK, HO Ha Ceit pas He chepuueckuil, a Takoi, y KO-
Toporo ecre ocrpue mim pefpo (Hampmmep, B gopme, m306paKeH-
Hoit ma ¢ur. 6.14). Torga woxe B 3TOM MeCTeé ORaKETCA HAMHOLO
cUIBHEE, YeM B Apyrux Mecrax. HpumumHa B ofIux wepTax COCTOHT
B TOM, 9TO 3aPAME CTPEMATCA KAK MOKHO IDADe pAacredbCs IO TIO-
BEepXHOCTH IPOBOJHUKA, 4 KOHYAK OCTPHUA BCEIfa OTCTOMT AAlbIe
BCEr0 0T 0CTanbHOIl moBepxHOcTH. [IoaToMy wacth 3apaAfoOB Ha mia-
cTurHe Tewer K oCTpE. OTHOCHTENBHO MAIO0€ KOAUYecmeo sapsia
Ha HeM MOKET ¢O037aTh OOJBIIYI0 IOBEPXHOCTHYI RJAOMHOCHLD,
a BEICOKAf INIOTHOCTb O03HAYACT CWIbHOe moje OiIu3 IPOBOJHHKA
B 9TOM MecTe.

5 N 3106 , 12)



Due 6.14. Hrexmpuneckoe no-
A€ Y 0Ccmpoeo Kpas nposodHUkQ
OuEHb 6EAUKD.

Boobme B Tex MecraxX NpoBOJHIKA, B KOTOPHIX PaguyC KPHBU3HH
MeHbIIe, H0de OKasbiBaeTcs cuabHee. UTo6H ybequrbecs B 9TOM, pac-
CMOTPHEM KOMOUHAIWIO M3 GONBITON W MAICHLKOH cfep, CoeluHEH-
HBIX TIPOBOJOM, Kak morxasaHo Ha ¢ur. 6.15. Cam mposox He Oyner
CIJIHHO BIMATH Ha BHEMIHWE IOJs; eT0 [[el10 — YyPaBHATh HOTEH-
nuans cdep. Bozne kakoro mapa mone okasxercsa ojee HalpAYKeH-
meM? Eenm pagmyc nesoro mapa @, a sapsg (), TO eTo IIOTeHI[HAT
OpUMepHO PaBeH

_ 10
¢.= Ing, a
(Homeuno, Haiuyme OJHOrO Iapa CKaKeTCs1 Ha pacIpPefieIeHAY 3a-
PAMOB Ha OpPYTOM, TAK YTO HA CAMOM jelie HY HA OJHOM U3 HUX 3aPsi-
7ipt He GyayT pacnpegenenst cumMerpugso. Ho ecnu Bac uaTepecyer
JANIH OpAMEPHAs BeIWINHA HOJs, TO MOKHO NOJB30BaTECS GopMy-
noil pad moreEnmana cepuveckoro zapaga.) Eciam MeEpmmit map
paguycom b obmagaer sapsAagoM ¢, TO er0 MOTEHINAN LPUMEpPHO pa-
BeH
_ 1
P2 = VETN

4
-

Ho ¢,=gq,, rax uro

Q_4a

a [
C gpyroit croposm, moje y HOBEPXHOCTE [CM. ypaBHeHHe (5.8)]
OpPONOPIMOEANBHO IOBEPXHOCTHOH IKIOTHOCTH 3apsfa, KoTopasg
B CBOK) 0Odepefb OPONOPIHOHAJNBHA CYMMapDHOMY 3apsany, HdeleH-
HOMY Ha KBajpar pagmyca. Ilonywaercs, uro

E, 2
Ez%%_7' (6.35)
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@ uoa 615 Ilore ocmpokoneu-
H020 npedmema MOIHO npubiu-
JHCEHHO cuumambv nosex 0syx cfep
00UKHaK06020 NOMEHYUALA,

[posonoyka

3HAYAT, ¥ MOBEPXHOCTH MeHbmIeit cpepn mone Gomvme. Ioas 06-
PATHO TPOLOPLIMOHAJIBHEL PAJHYCaM.

IdTOT pesynbTaT ¢ TEXHUYECKOH TOYKW 3PEHNAsi OYEHDH BaKeH,
moTOMYy 9T0 B BO3[yXe BO3HEKaer Hmpo6oil, ecam I110jie Yepecuyp
Beanro. Kaxoi-auGynw ceobonmelil 3apsan 3 Bo3nyxe (BIEKTPOH HIX
HOH) YyCKOPseTCA DTHM IOJEM, W eClIM OHO OUeHb CHJIbHOE, TO 3a-
psaa MokerT HaOpaTh 0 CTOAKHOBEHUS C aTOMOM TaKyl0 CKOPOCTH,
970 BHEINOET M3 aroMa HOBHl sieKTpoH, B Mrore mosmasierca Bce
Gombuie u Goabuie monos. VIX pBwskenne w cocrasisier MCKPY, WM
paspan. Ecau Bam Tpebyerca 3apsguTh TENO IO BHCOKOTO HOTEH-
Luaxa Tak, 9T00E OHO He PaspANMIAOCH B BO3AYX, BH JOJKHE OBITh
VBEpeHH, YTO HOBEPXHOCTH Tela IiagKas, 4TO Ha HeM HET MecT,
Tfie moJde Yepecyyp BETUKO.

§ 12. Honnerii murpocron

CBepXBHICOKOe 3JEKTpHYeCKOe IWoJe, OKpys;Kalllee BCAKMIL
OCTPBIIl BHICTYH 3apsiKeHHOTO NPOBOJHWKA, IONYINI0 MHTEPECHOe
npuMeHeHne B ofHEOM npubope. Pa6ora uornezo mukpockona obyc-
JIOBJIEHA MOINHEIMH TIOJIAMH, BOBHUKAIOMIMMM BOKPYI MeTaLinde-
ckoro ocrpusa *. Ycrpoen sror mpubop rax, OueHL TOHKag MTIa,
muaMeTp Komumka woropoit me Gomee 1000 A, momemera B IEHTpe
CTEKIAHHON cdepsl, W3 KOTOPOH BHKavad BO3RYX (dur. 6.16).
Bayrpennsas moBepxHOCTH Cdephl HOKPHTa TOHKMM NPOBOAAINMM
c1oeM (UIyopecnupyIOmero BemecTBa, W MeRIY UTIOH M Qayope-
CHUPYIOUMM IOKPHTHEM CO3JaHA OYeHb BEHICOKAA PAa3HOCTL NOTEH-
118 F:R100): B

Hocmorpum coepsa, uro Gyger, ecau uria 0o OTHOMEHUIO K ay-
opecnupymeMy 9KpaHY 3aps;keHa orpunatexabHo. JlmEwm monsa
Y KOHYWMKA UTJIBl CKOHIGHTPUPOBAHK 0YeHb CHIBHO. DIEKTPIHICCK 0e
moie mMomer gocturarh 40-10% ¢ ma 1 cm. B TakuX CHABHHIX HOTAX
3JIEKTPOHK OTPHIBAIOTCA OT MOBEPXHOCTHM WUIJH M YCKOPAOTCA HA
y9acTKe OT HIJH [0 KPaHa 3a cIeT pasmocru morenmuanos. Jlocrur-

* Cm. crarsio Mmiomnepa [E. W. Mueller, The field-ion microscope,
Advances in Electronics and Electron Physics, 13, 83 (1960)].
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@ayopecyupyroujee
noxpsintue

Due. 6.16. Horurnnii mux-
pockon.,

CIMeKAAHHAs KoAda

K saryymromy

Hacocy
J & Beicoroe Hanpasene

HYB DKPaHAa, OHH BHIBHBAIOT B 9TOM MeCTe CBEUeHHe (B TOYHOCTH,
KaK Ha DKpaHe TEJIEBU3MOHHOH TpyOKM).

JNMeKTPOHK, NpHIIeqMue B JAHHYI TOURY (IIyopecuupymoimeil
MOBEPXHOCTH,— 3T0, B 0Y€Hb XOpomeM IpuOImKeHHH, Te caMble
BJIEKTPOHBI, KOTOPHE HOKMHYAM APYTOH KOHEI[ paANaabHON JWHUN
HOONIA, HOTOMY YTO DIEKTPOHE ABHKYTCA BIOJIb JUHAH IOJA, COe-
OUHSAOIMAX KOHYMK UKl ¢ mosepXHocThio cdepnl. Tak 910 Ha mo-
BEPXHOCTH MH BHAMM CBOEro poja usofpaskeHne KOHYHKA HIJIHL.
A TouHee, MH BUAUM KAaPTHHY UCRYcKameabrol cnocobHocmuy Mo-
BEPXHOCTM WTJAH, T. €. JErKOCTH, ¢ KOTOpPOH 3JIeKTPOHH MOTYT
0CTaBOTH TMOBEPXHOCTL METAIIMYECKOTO ocTpusi. [icam cuia paspe-
TeHNsA [OCTATOYHO BHICOKA, TO MOKHO PACCUATHIRATH PAa3PEHINTH
MONOKEHUA OTHEILHBIX ATOMOB Ha Komduke mriasl. Ho ¢ aiaextpo-
HAMUI TAKOTO PaspeiieHus JOCTUYb Helab3sd IO CIEeNYIONUM WPHYi-
naM. Bo-meperix, BO3SHHMKAaeT KBAHTOBOMeXaHWYeCKas Iudparmus
DIEKTPOHHHIX BOJH, U wusobpameHme 3aryMaHWTcs. Bo-BTophx,
B pe3yapTaTe BHYTPeHHET O ABIKEHU B MeTajye dJIeKTPOHH UMeI0T
HeGOABIUYI0 TOMEPeYHYK HAYAABHYH CKOPOCTH B MOMEHT BEIDHI-
BaHWs W3 WIJH U 9Ta CIydYailHas mOIlepeTHass COCTABIAIOINAS CKO-
pOCTH TpHBefer K pasMasslBaHMI H306paskepud. B obunieil ciaox-
aocTd o1 3QQPeKTH OrpaEEIHBAIOT Pa3pPemmnMOCTb HeTajledl Beiu-
quHOil mopAxka 25 A.

Ecam, ogparko, MBI mepeMeHHM 3HAK HAOPSUDKEHWs U BHYCTHM
B Kouby HEMHOTO rejmd, TO AeTAAM paspemeHH OyAyT JXydme.
Horpma aroMm resus cTajikHBaeTcs ¢ KOHIUKOM OCTPHsA, MOIHOE IMOJe
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Due 6.17. Haobpaxenue,
ROAYUEHHOE UOHHUM MUKDO-
CKOROM.

CPHIBACT C aTOMa B3JeKTPOH, M ATOM 3apAKAETCS UIONOKUTEIBHO.
3dareM MOH reids YCKOPAETCA BAOJb CHJIOBOI JHHMM, MOKAa He HO-
najier B aKpaH. IJockoibKy WOH renns HeCPABHEHHO TAMKEICE DIEKT-
POHA, TO U KBAHTOBOMEXAHMYECKHE [IMHBI BOJH ¥ HEI0 HAMHOTO
Menbime. A eciM K TOMY jKe TeMmeparypa He OYeHb BHICOKA, TO H
BIMAHME TEIIOBHIX CKopocrTell rakike 3HAUdTenRbHO ciabee, ueMm
y saexTpoHa. Mzobpakenue pasMassiBaeTcs MeHbIIE W TIONYIaeTCS
Kyna Ooxee pesxoe M3ofpaskenye KOHYUKA WIVEL. C MUKDOCKOTIOM,
paboraomuM Ha IIPUHIHIE HOHHOH SMHUCCHM, YHAIoch HOOHMTHC
yBenmdennsa Biwiots Ao 2 000 000 pas, . e. B mecsarh pas ayudire,
9eM Ha JYYHINX BJIeKTPOHHHX MUKPOCKOMAax.

Ha ¢ur. 6.17 mokaszamo, 9ré ygamocs TOAYYUTs HA TAKOM MEK-
pocxone, IpuMeHNB BOAbPpamoryo uray. Henrpst aromos Boabpa-
Ma MOHW3YIOT aTOMBEI TeJUs YyTh HHAa"e, 96M HIPOMEKYTKU MEKIY
aromaMu Boabdpama. Pacmosossenne nsiteH Ha QayopecHupyiome
9KpaHe JeMOHCTPUPYEeT PACCTAHOBKY OmMIeAbHHLL GMOM0O8 HA BOJb-
dpamoBom ocrpue. [lowemy maTHA WMewT BHE KOJdel, MO/KHO HO-
HATh, GCAN TpefcTaBuTh cebe Gombimol AMEUK, HAOHTHI mapamiu,
VA O;KEHHLIME B IPAMOYTONBHYIO CETKY X 06 pasyonuMe TakaM 00pa-
30M KyOHYeCKyi0 peieTky. JTu mapsl — Kak Gbl aTOMH B MeTajlie.
Ecanm B 13 91010 sAmuka BeIpesiere TPAMEPHO CheprdecKkyio 9acTh,
TO YBOANTE KAPTAHY KOJe, XapaKkTePHYIO IJIA ATOMHOMA CTPYKTY PHL.
WoBHEZ MHEKPOCKON BUEpBHE CHAGAMJ 4YEIOBEYECTRO CPEACTROM
BHJIeTh aTOMH. 3aMegarelbHOe AOCTH/KEHNE, A eme HoJydeHHOe
¢ TAKHUM OPOCTEHIM HWPEOOpOM.



T'nasa 7

JEKTPHYECKOE IIOJE B PA3HBIX
ON3NYECKNX YCJIOBHAX (mpogomxenne)

§ 1. Memodwst onpedeaenusn
SNEKMPOCTATRUMOCKOZ0 NOAS

B oro#i riaBe MH HPOTOIKUM DPaCCMOTpPEHHE
XapakTepUCTHK DIEKTPUIECKUX IOJed B pasauy-
HEIX ycaopmsaX. Cmepsa MBI ONWINEM OJUH U3 HAW-
Oonee paspaCoTaHHEIX METOJOB pacdera moJeil
B OPHCYTCTBOM NPOBONHMKOB. Mbl He pacCuuThl-
BaeM, KOHEYHO, YTO 3TH YCOBEPINEHCTBOBAHHEIC
Meroast GyAyT BamMu ToTdac yceoemsl. Ho sam mos-
JKHO OBITH WHTEPECHO HOJYYNTh KAaK0e-TO Tpei-
CTaBiCHZWE O XapakTepe 3a/iad, KOTOPHE ynaercs
pemaTh Upu IMOMOUY TeXHAKY, A3IaraeMoll B cie-
IuaJdbHEX, Goiee ray0OREX KypcaX. 3ateM MH
opaBeneM IBa OpUMepa, B KOTOpPHIX HET HU 3a-
paHee QUKCHPOBAHHHIX pacUpefieeHUll 3apsmos,
HI PaCcTeKaHus 3apAJ0B IO MPOBOAHAKY, & BMECTO
3TOTO pacupefejieHne ONMpPefedsioT Apyrue ¢usu-
YeCKHe BaKOHHL.

Kaxr Msl poisacaung B ta. 6, 3agava o6 saexTpo-
CTATUYECKOM TIOJIe PeIraercss 09eHb TPOCTO, KOrja
pacipefenenue 3apsAA0B OTOBOPeHO 3apaHee; OC-
Taercsa TOJIBKO B3ATHL mHTerpan. Horga ke mme-
0TCSI MPOBOTHUKY, TO BO3HWKAT YCIOKHEHUS,
TMOTOMY 9TO pacupefenenye 3apsios Ha HPOBOJ-
HAKaX ¢ CaMoro Havala HeWsBeCTHO; 3apAmH
BEHEYKIEHH CaMd pacHpeieisTh cebGsa IO HMOBepX-
HOCTM TIPOBOJHMKA TaK, 9TO0H BeCh HPOBOJHUK
Opro6pen ONWHAKOBBIA MHOTEHIHAN. JTH 3a7849K
TaK OPOCTO He pemaioTCs.

Mu paccmorpenu OOXOOHBIN IyTh peMeHUs
TAKUX 3afad, IpH KOTOPOM CHAYAJIA OTHICKHBAKT
9KBUIOTEHI[MANHHEE NOBEPXHOCTH HEKOTOPOTO
3a/laHHOT0 pacupefeleHAA 3apAA0OB U MOTOM
OfHYy H3 HOX B3aMeHmIOT IIPOBOAsAMeH MmOBepXx-
HOCTBI0. TakmM MaHepPOM MOJKHO COCTaBHATH KaTa-
JOT YACTHHIX pelueHuil /A NPOBOJHHKOB JI0GOH
¢popmri, mrockoil, chepudeckoir u . m. Memoas-
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s0BaHMe uzo0paskenmil, ormumcasHoe B TIM. 6, ABIgerca mpuMepoM
KocBeHHOro crnocoba pemednsi. [ pyroi rakoil ciocol MH ommmiem
B DTOU riase.

Ecaw mama 3ajada He OTHOCHTCS K T€M, JJIA KOTOPHX I'ofigR 00-
XOMHLIH OyTh, NPUXOAUTCA pemarh ee B 100. Maremarmaeckoir oc-
HOBOH TAKOTO cmoco0a pemeHus 3afady siBAAEICA pelleHde ypas-
HeHuaA Jlamnraca

vie=0 (7.1)

npU YCIOBHM, YTO MOTEHNUAT (¢ HA HEKOTOpoil rpanuie (IoOBEepXHO-
CTSIX HPOBOLHMKOB) paBeH yCJOBJIEHHOII KOHCTaHTe. 3afaul, CBsi-
3aHHEIE C pemenueM audgepeHIHATBHOTO0 YPaBHEHUA HOJA, YIOB =
JIeTBOPAIINETO0 HEKOTOPRIM 2PAHUYHBLM YCA06UAM, HAIHBAOTCH
3agadaMy 0 ePpAHUYHLIX SHAYEHUAZ. OHI/I ABHIJIWCH TPEIMETOM MHTECH-
CHBHOTO MaTeMarmdecKoro usydeHus. JI7s CIOKHBIX HPOSOIHHKOB
00lIMX aHATUTHIECKUX METONOB peireHus Her. Jlame rakasa mpo-
cTas 3ajjaga, Kak mojie 3apmKeHHOTO MeTaJIWiecKOro IIIHHIpA
¢ 3aladHHBIME TOPIAME — KOHCEPBHOI OaHKU, IpefcTaBiseT
OTpOMHEIE MareMarmdeckue tpynHOocTH. Ee MOKHO PeMNIATH AWIIb
npubImKeHHO, YHCIeHHM MeTonoM. Eduncmeennbiid obuui MeTox
pelleEAA — YHWCIEHHBIN.

WMeercsa HeCKOmbEO 3a7a4, B KOTOPHX ypaBHeHue (7.1) Bce e
peinaercsa. K mpmmepy, 3azaua o 3aps/KeHHOM IPOBOLHWKE, MMEH0-
meMm ¢opMmy asagmncomja BpalleEHs, Mo;Ker OHTh peileHA C IO-
MOIIBI0 HEROTOPHX CuenuaibHHX Qynxnuil. Pemenne Aaa ToEKOTO
JIHCKa TOTRA MOKHO HOJYYHTH, (eCKOHEUHO CIUIIONAB JJTUICOMWI.
A GeCKOHEYHO BHITSHYB TOT jKe JLIUICON, TTOJ YSUM IOE 3aPssKeH-
roil mrast. Ho Hamo moggepkEyTH, 9TO €IMHCTBEHHHH TPAMOR CHo-
€00, TPUMEHUMEIH BCIOLY U BCerja, 3TO MyTh YMCJAEHHEIX PAacIeToB.

3amagy 0 rpaHUYHEIX SHAYCHUAX MOKHO TaKke pemniarh Ha ee
¢usmueckoM aHajore. Y pasHeHnue Jlamiaca BO3HHKAeT BO MHOTHMX
(M3UIECKNX CHTyamUAX: IpHM M3YyYeHWN yCTaHOBHBIIEroCSd IMOTOKA
Temia, Ge3BUXPEBOr0 TeueHMA ;KUAKOCTH, OTKJIOHEHNH ympyroil
MeMmOpanbn. Yacro MOMHO cOOPyauTh PUSWIECKYIO MOJENb, SBISIO-
mMyocsa aHAIOTOM pelraeMoil HaMu diextpmueckoin 3amagu. Uswme-
pHB B MOJe¥ BeINYAHY, aHAJIOTMYHYI HHTepecyomeil Hac, MOKHO
y3Harh peineHme 3aiaun. IlpumMepom aHamOTOBON TeXHHMKH SBJIAET-
¢ MpUMeHeHWe 3eKTPOIUTHIeCKON BAHHE JJs pelleHust AByMep-
HHX 3afla71 DAeKTpocTaruku. Pemenne ynaercsa moromy, uro audpde-
peHI[HANBHOE ypaBHEeHWe JJsi MOTeHNHAaNa B OHOPOLHOI TpoBOIA-
mieil cpeje TaKoe ;ke, KAaK M B BaKyyMe.

Nwueerca muoro ¢usnuecknx safiad, B KOTOPHX GUBHUECKHE IO A
B KaKOM-TO OJHOM HAaNpapleHUH He U3MEHSIOTCsS WU 3THM U3MeHe-
HHUEM MOKHO upernebpedb no CpaBHEHUIO ¢ USMCHEHAUAMY B ABYX APY-
rUX HaTpaBieHnAX. TaKkue 3aJ]a90 Ha3HBAXOT ABYMEPHEIMY; IO € 3a-
BUCHAT TOJBKO OT ABYX KooppamHar. CkaeM, eClIM BIOIE OCH 2 HPO-
TAHYTH JIUHHEYIO 3aPAKEHHYI0 IPOBONOKY, TO B TOYKAX HEHOZALEKY
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OT Hee BIIeKTPUIECKOe ToNe 3aBUCHT OTZ ¥ Y/, & He 0T Z; 3aJadYa ABY-
meprasa. Tak Kaxk B ABYMEpPHHRIX 3afiagax Jgp/dz=0, To ypaBmeHHe
i @ B cBOGOJHOM TIPOCTPAHCTBE MMeeT B

Po Fa_o, (7.2)

ox% © 0y
MMockoneky AByMepHOE ypaBHEHUE CPABHHTEABHO LHPOCTOE, TO CY-
MeCTBYeT MU POKUH KIace YCaAOBUH, B KOTOPHIX OHO peliaercsA aHa-
aurngecku. JelicTBUTENbHO, CYUIECTBYEeT MOrY4ad MaTeMaTAIecKa s
TeXHMKA, CBA3AHHAS C TeopeMaMy Teopun QYHKIUA KOMWIEKCHOTO
nepeMeRHOT0. K u3noskeHno ee Mbl ceifuac M mepeiifem.

§ 2. Jdeymepnvie noaa; HyHEuun KOMNAECKCHO20
nepemennozo

HoMmnnexcHas BelnunHA 3 OMpeflelfAeTCs TaK:
y=x+1iy.

(He mepenyraiite 3 ¢ Koopgmuaroil z; KOOPIMHATA Z HE BCTPETUTCA
B JalpHeHINeM, MOTOMY YTO 3aBHCHMOCTH HoJiell or z He Oymer.)
Torga raxmoit TouKe Ha WIOCKOCTH (X, Y) OTBEYaeT KOMILIEKCHOE
gucao 3. Mer MoskeM cuurath j 0c060i (KOMIUIEKCHOIT) HepeMenHoil
BEIMYHHON B C €€ TIOMOIIbI 3alMCHBATE OOHYHEE MaTeMaTudeckue
¢yrxumu F(3). Hanpumep,

F ) =3%
njin
1
F@) =5,
HnJin
F(3)=3logs
nrT -

Ecnn nana mexoropas onpepenennas ¢ymrnmsa F(3), To momuo
NOJACTaBATE 3=x-Fiy; HONyIATCA QPYHKOUA OT £ U Y C JieilcTBU-
TeAbHOU M MEMMO# dacramu. Hampumep,

3 = (24 iy)? =z —y? 4 2iay. (7.3)
Jlrbyio ¢pyaruuio F (3) MoxHO 3amucarh B BUe CYMMSI UHCTO fei-

CTBUTEILHON W YHCTO MHUMOH Jacredl, M Kamaasa m3 dacreidl Gymger
QyuKIHed or z m y:

F@R)=Uz, y)+iV(z, y), (7.4)
rae Uz, y) u V(z, y) — nmeiictsurenbApe QyEKOIE. SHAUMT, U3 JNIO-
foil koMmrekcHoll gyuxmuu F(j) MOMHO LPOH3BECTH JiBe HOBHE
$yaxmun U (z, y) u V(z, y). K npumepy, F(3)=3° naer mse ¢yBK-
ifi8.d

Uz, yy=2—y? (7.9)
n

V(z, y)=2zy. (7.6)
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Mpl nogomim ceifuac K yIMBUTEABHOR MaTeMaTHYeCK Ol TeopeMe,
CTOJNIb LPEeKPACHOH, YTO MOKA3aTeIbCTBO €€ IIPUAETCA OTIOKHTH
A0 COOTBETCTRYIOIET0 MareMatTmdecKoro Kypca. (Ecim Mt mawmem
3apaHee HPUOTKPHIBATH BCE TAHHE MaTeMaTHKHM, OHA HOKajKeTCs
BaM HoTOM cKyuHOi.) Teopema ara cocrour Bor B yeM. [las n06o0i
«HOpMalbHOI» QyHKUUK (4T0 9TO TaKOe, MAaTeMATHKHN BaMm O0BACHAT
ayqmie) ¢yaruum U u V asmomamuuecku yLOBIETBOPSIOT COOTHO-
mednsaM

ou oV

oz "oy (7.7
n

v ou

= oy (7.8)

Otcofta HeMeAJCHHO chemyer, 4T0 Kaskjas u3 Qyssmumit U n V
yhoopueTBopsier ypasmenmio Jlammaca:

oty | 0tU
5;;-{-872‘: 0, (7.9)
RV | oW
%+W:Q (7.10)

Cpasy BumamO, 4ro mas ¢ymsnuil (7.5) u (7.6) st ypaBHeHUA
BHIILOJIHAOTCA .

3HaydT, BCErJa, OTHPABHBIINCH OT KAaKOH yrommo OOHYHOMH
$ymrrnnu, Mo;RHO npuiitu K gsym ¢ysrmusam U (z, y) u 'V (z, p),
KoTophle o0e eCcTh pemeHms [BYMepHOTO ypaBHenus Jlamaaca.
Raxpgan $yHKIMS mpencr apiser HEKOTOPHHE ajeKTpocTaTHYecKuii
morennuan. Jwbas suGp annas samun $yaxnus F(3) o6szana cHa6-
IUTh HAC DPEIUeH MeM KaKoU-mo 3aJa4d W3 3IeKTPOCTATHEH, BepHee
masxe Jeyr 3ajjaw, DOTOMY 4TO pelneHMeM Amjasiercst kak U, mar u
V. Tak MO/KHO BHIOHWCATh CKONBKO YTOJHO pemeHuil: mpocTo Ha-
OPUAYMBIBATH MHOKECTBO (QYHRIMH @ OCTaHeTCS TOJBKO HAITH
3qdauu ¢ takumu pernreHusamH. Taxko# DOAXOX K 3agavyaM BIOJHE
DOOYCTHM, XOTh OH W HPOMSBOAUTCS 3aJ0M HaImepen.

Hna opuMepa mocMOTPHM, K KaKO# (usmuecKkol zagade IpuBe-
mer nac dyurnusa F(3)=3> U3 Hee MBIl monyuaeM fBe MOTEHIIWAJ b-
Bete dyHRIEN (7.9) u (7.6). UrobH yBumerb, KaKyw 3ajady pemaer
¢yargua U, Met HailjeM 3KBUNOTEHIUAbHBE MOBEPXHOCTH, TOJa-
rag U paBHHEM IIOCTOSHHOMY quciay A: -

22 —y?=A.

Jro ypasHeHHe mpaMoyroabHoll rmmepGomw. IlepeGmpas pasHbte
3HadeHEA A, MB DOJydaeM CeMelCTBO THIIEPOON, HavYepHYeHHOE
Ha ¢ur. 7.1. Korga A=0, 1o runepGoisi BEIpOKTAIOTCA B Hapy
IuaroHaiei, HIpoXoAAIluX Yepes HAYajo.

Taxoe ceMeiiCTBO 3SKBHIOTEHHUANHLHHX IOBEPXHOCTEH BCTpE-
qaercs B HECKOABKUX PHU3NYeCKHX 3ajadaXx. B oguoil 3 HuX OHO
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Due 7.1. Jea cemeticmea opmo20HaLbHHT KPUEHT,
KOMopbie mMogym npedcmassime cobol aKeUNOMeEHYUA.1b-
Hble AUHUU O8YMEPHOZ0 3AEKMPOCMAIMUYLEcK020 NOA.

uzo0pakaer JeTaid CTPYKTYPH MOAA BO3IE TOUKA MEKAY LBYMS
OIMHAKOBHME TOYCUHHIMU Bapsifjamu. B npyroii oHO usobpaxaer
Tmojie BHYTPH OPAMOTO yria, 06pazoBaHHOTO ABYMS HPOBOIANIAME
onockocraMu. Ecom ecrs fBa dieKTpofa, MBOTHYTHX Tak, KaK IO-
KazaHO Ha (ur. 7.2, ¥ MMeIOMUX pasHHE DOTEHIWAIH, TO HOJe
BEYyTpH yria C Gyger BHIIAfieTh B TOYHOCTH TaK jKe, KaK IIojie

flposodnux +
um.d. E umd.
Duez 7.2 Hore esosae
mouku C makoe e, Kak
Ha gue, 7.1,
ZZ < f—
{lposodnur -
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Due 7.8 HHore readpynoaviiol
AUHBH,

fposoduux
p=+V

oKoNo Hadajga Koopmgmmar Ha ¢ur. 7.1. Cumomusie amHOE — BTO
SKBMOOTEHIMANTbHEE TOBEPXHOCTH, a HepeceKamimue UX INTPUXO-
Bete — 1o auauy nonsa E. B6ausu ocrpus uim BHCTYIA 9IEKTPH-
9ecKoe TOoJle IMOBHIIIAETCsi, 4 BO3Je BHAAWHE HMJIM OTBEPCTHUS OHO
crabeer.

Haiinenmoe maMu pemieHWMe OTBeYaeT Taxkyke rumeploamgecKoMy
BIEKTPOAY, IMOMEUIEHHOMY OKOJO MPSMOTO yIia, WiId ABYM runep-
00JIaM TpH COOTBETCTEYIUX IOTEHIWANaX. 3aMerbre, 4TO TOIE
¢ur. 7.1 mMeer mHTEpecHOE CBOICTBO. COCTABIAIIAA £ 3JEKTPH-
yecroro noius E nmaerca srpaskenueM

0
E. = —~51—) = —2z,
T. €. BIEKTPUIECKOe 0J1e IPOIOPHROHATBLHO PACCTOAHAI0 OT OCH
KoOpEEHEAT. ITOT (aKT GBI MCHOIB3OBAH, YTOOH €O3JATH YCTPOH-
¢TBO (HasEBaeMOe KBajpYNOJbHONH IWH30[), Heobxommmoe s
dorycupopanma Oyykos yactul (cM. Bum. 6, ri. 29, § 9). Qoxryca-
pyomee mojie OGHYHO TOJYIAOT ¢ MOMOIMBID YeThpeX rumep6o-
JHTCCKHUX DJICKTPOHOB, m3o0pameHENX Ha $ur. 7.3. IIposogs agecs
JAAHAX DIEKTPUYECKOTO MOJs, MBI IIPOCTO Iepedeprnau ¢ ¢ur. 7.1
CEeMEHCTBO MTPHUXOBHX KpUBHX V=const. JTu JIMHEK FOCTANUCD
HaM comepmeHHO GecmiatHo! Kpuseie V=const nepreHAnR Yy  APHH
K puBHM U =const, kax sTo cnexyer n3 ypasHeHu# (7.7) u (7.8).
Kax Tonbxo me BeOmpaem ¢yprnuo F(3), 1o moayuaem us U u V
cpasy jKe SKBUNOTeHHUAJAbHHE JUHUA ¥ JHHAA mond. Mur fgas-
HO 3HaeM, YTO MOKHO pemnTh Ha BeIGOp sobyio m3 AByX safgad,
CMOTpPA IO TOMY, KaKOe CeMeHCTBO KpPHUBHX MHE IPHMeM 3a 3KBH-
DOTEHI[HANBHO€. ‘
I pyrum npuMepoM mocay:ur QyHKIAA

FO=V3 (7.11)
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Ecan Mb manmimem
d=z-tiy= peie9

rje o
p=Vaz+y?
n
_y
tgh=—,
TO

F(3)=p'he®2=p (cos §+isin ”2‘) ,

OTKYJAa caemyer

= (B [y

Hpuswe U(z, y)=A u V(z, y)=B, rne U u V B3sars us
ypaBHeHus (7.12), mpoenenw ma ¢ur. 7.4. Y specs Toske MosxHO
HAa3BaTh HEMAJNO CIydaes, OMHCHBAEMEIX STEMM moasamm., Onon u3
CaMHX WHTEeDEeCHHX — 3T0 HIOjJe y Kpad TOHKOH maacrmEku. Ecru
auHna B=0 mampaBo or ocm y m300paykaeT TOHKYIO 3aPAKeHHYI0
OJ4CTHHY, TO AMHHH HOJXA 0OMu3 Hee JAKTCA KPUBEIMH ¢ Pasimi-

D ue. 7.4. Hpuswe nocmoannux Uz, y) u V(z,y)
ua ypasnenus (7.12).
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3asemnenyas
naacmuna

Due 7.5 BDaesmpuueckoe
noae 6o3ie kKpas MONKOU aa-
BEMAECHHOU NAQACIMUHDbL,

movmun A, Qusmdeckas KaprTHHA HOKasama Ha ¢ur. 7.5.
Hdanbreitiine npuMeps — 310 PYHKINA

F(3)=3", (7.13)
paiouiad HaM moJae cnapyolcu I[pHMOl‘O yr.na, Q)yHKHI/IH
F (3)=1logs, (7.14)

Aaomas moJde 3apaKeHHOH HUTH, # QyHKIAA
I
F(g;):—i—, (7.15)

w300payKaoman moie IBYMEPHOTO AHANOra DIEKTPHYECKOrO H-
noasi, T. €. ABYX HAPAMIENbHBHX TPSAMBIX, 3APSyKEHHRIX IPOTHBO-
TOJOKHEIM 3HAKOM W TOMEHIEHHBIX BIUIOTHYI APYT K APYLY.

Boasme stum BompocoM B HamleM Kypce Mbl 3aHMMATHCs He Oy-
JeM; MBI JOJKHBI TOXBKO TIOMYEePKHYTH, YTO, XOTS TeXHUKA KOMH-~
JIEKCHHIX TepeMeHHHX YacTO OKas3blBaercsi OYeHb MONIHOI, OHAa
OTpaHHYeHA BCe Ke TONBKO IBYMEPHHMH 3a7avaMy; K TOMY ;Ke 3T0
BCe-TAKM KOCBEHHBIN MeTo.

§ 3. Hoaebanus naazmnt

3ajimemcsi Temeps TakuMu QU3HYECKUMH 3a/a9aMU, B KOTOPHIX
Iojie co3jaercs He 3akpeIIeHHBIME 3apAfaMy U He 3apafaMH Ha
IIPOBOAAIMX MOBEPXHOCTAX, a codeTanneM ofoux ¢arropon. Mumi-
MHU CIOBAMH, T0JIEM YUPABIANT OJHOBPEMEHHO ABe CHCTEMH ypPaB-
HeHmii: 1) ypaBHeHWs 2JIeKTPOCTATHKM, CBA3HBAIOINUE DIEKTPHUe-
CKOe IoJie C pacHpefieleHWeM 3apsAfoB; 2) ypaBHeHmA U3 ApPYyroi
obracTy Qu3MKM, oUpemedsNlHe MONOKeHHe WIN [BIWKEHNs 3a-
pALOB B mOIE.

Crnepa Mu pas0epeM ofiuH AWHAMHUYECKWH mpumep. B Hem 1Bu-
JKeHMe 3apsafioB KOHrpoxmpyerca 3axkomamm Heiotoma. I[Ipocroit
IPHUMeD Takoro mojo;KeHuA Bemel Habaopaercd B miasMe, B HOHH-
30BAaHHOM rase, COCTOAMEM W3 HOHOB M CBOOOTHBIX DIIEKTPOHOB,
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pacupeieieHEHNX B Karod-to obmactu mpocrpaHcrea. Homocdepa
(BepxEmMit cioil armocdeps) CIyKHT DPAMEPOM TAKOH IIa3MEL.
Yasrpaguenerossie gyuu COTHIA OTPHBAIOT OT MOJEKYJI BO3AyXa
SJIEKTPOHE ¥ CO3IAal0T CBOGOIHEIE 3JIeKTPOHE ¥ HOHH. B mrasme
TMOJIO}KUTEIbHEIE HOHH HAMHOTO TsKelnee DJIEKTPOHOB, TAK UTO
MOKHO npeHeOpeub NBHiKeHHEM B Hell HOHOB 1O CPaBHEHMIO C JIBH-
JKEHUEM DIEKTPOHOB.

Ilycrs n, Gymer miIOTHOCTHIO 3JEKTPOHOB B HEBO3MYUIEHHOM
paBHOBecHOM cocrosiHMH. Taroil ke MoJKHA OHTH W TIOTHOCTD
LDOJIOKUTE bHHX MOHOB, IOTOMY 4TO B HEBO3MYINEHHOM COCTOSTHIH
mwiasMa Hefirpanbaa. Tenmeps pomycruM, 4r0 DJIEKTPOHH KAKAM-TO
0o0pa3oM BEIBeJeHH M3 paBHoBecmsi. Uro Torga moaygures? Ecuum
IUIOTHOCTD DJEKTPOHOB B Karoii-1o ofiacTu BO3POCHa, OHM HAYHYT
OTTAJIKMBATHCSH ¥ CTPEMUTLCA BepPHYTHCS B IpedAiHee MONOKeHHe
papHoBecus. [{Burasch K CBOMM NEPBOHAYAJBHHIM IHOJIOAKEHUAM,
oHE HalepyT KIHETHYeCKYI0 DHEepPruio M BMeCTO TOTQ, ITO0H 3ame-
peTh B paBHOBeCHOH Kom(urypanmm, npockodar Mmmo. Haumyres
romebanma. Heuto moxo;xee HaGmomaeTcAd B 3BYKOBHIX BOJHAX,
HO Tam Bosppamawuiell cunoll Gsuto gasnenue rasa. B nmasme Bos-
Bpamaonas cuwjia — 3T0 JeHCTBYONee HA 3JIeKTPOHH DHIeKTpHIC-
CKOe HpPHUTAREHHE.

Uro6sl ynpocTurh paccyxjeHuss, Mal OyzieM 3aHIMATBCA TOIBKO
OJTHOMEDHBIM JBM;KeHUeM JIeKTPOHOR — CKaykeM, B HAaNPABIeHHN Z.
IIpegnonoskum, uYTO 9JAEKTPOHBI, IEePBOHAYAIBHO HaXOJUBINHECS
B TOUKE ¥, K MOMeHTY { CMeCTHJINCH U3 NMONO}KeHNUA pasHOBecHA Ha
paccrosuue s (z, ¢). Pas onu cMectuauch, TO WIOTHOCTD UX, BOOOMIE
TOBOPSA, WBMEHWJIAaCh. JTO H3MEHeHHe NOLCIUTaTh Jerko. Kcium
mocMorperh Ha ¢ur. 7.6, TO BHLHO, 9TO DIEKTPOHHL, BHavYajle HAX0-
DHBIIHECH MERAY IJIOCKOCTAMME a UM b, CHBMHYJINCH U Tenepb HAXO-
Isirest MesRIy miuockoctamu a’ m b’. HonuvecTBO DiieKTPOHOB MEKIY
a 1 b npexzie OHIO TPOMOPIUOHAIBHO R AL; TeNepdb mo e HX Ko-
JIWIeCTBO HAXOLUTCA B NpPOMesKyTKe mupuHol Az--As. [lnoraocts

-—Z | Ax l
] ’ b
! a Que 7.6, Jeusenue e0aru
I // 8 naasme.
:-<—S 5+45 Daekmponst om naockocmu @ cdsuza-
1 /W omex € @’y a om b —xr b,
I
i
- T+5—s] 4z + ds | ,
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TemepsL crala

. noAx . ny
n_Ax—{—As'_l-;-(As/Az)' (7.16)

Ecnu u3MeneHnme WIOTHOCTH Malo, TO MOHO HamWMCATh [3aMeHAS
¢ TOMOIBI0 GMHOMHAILHOTrO pasnoenus (1-4-€)~! ma (1-—e)]

n=n0(1—§§>. (7.17)

Yro racaercs WOHOB, TO NPeANONOMHM, UTO OHE He CABHHYIMCH
3aMeTHO ¢ MecTa (MHePNUA-TO Y HAX Kyxa 00JbIIe), Tak 4T0 MIOT-
HOCTH UX OCTANaCh NpekHeil, n,. 3apal KaRAOr0 dIEKTPOHA —(,,
1 CpejHAA IJIOTHOCTDL 3apsja B 060l ToYKe paBHA

p=—(n—ny 4.
ihi81

p=nut, (7.18)

(3mecs As/Ax zammcamo wepes mupdepermmans).
Hanee, ypapnenus Marcpelia CBA3bIBAIOT € ILIOTHOCTBIO 3apH-
IOB BIeKTpuuecKoe moie. B wacrmocrm,

vE=2. (7.19)

€9
Ecnu sagaga pgeficraurentno ogHoMepHa (I HMKaKUX moxeil, Kpome
BHISHIBAEMBIX CMEIeHIEeM DIeKTPOHOB, HET), TO Yy DJIEeKTPUIECKOro
mona E ecry opma-egmHCcTBeHHAA cocramiasollas L. YpapHeHHme
(7.19) Bmecre ¢ (7.18) mpmmemer

0E,  nyq, Os 5
T = ey 0z (7.20)

Unrerpapys (7.20), momyuaem
E :%stK. (7.21)
0

X

Tlocrosiaras nurerpuposanus K pasHa mynwo, moroMy uro E, =0
opur s=0.
Cnna, pgeficTBylomas Ha CMeNeHHLIH 3JeKTPOH, paBHA

Fo= e (1.22)

T. €. BO3Bpamaom@ad Cujia MPOmOPHIOHANBHA CMENIEHHIO § DIEKT-
poHA. JTO NMpHBEJeT K rApPMOHMYECKNM KOJIeGaHMSIM 3JIeKTPOHOB.
YpasHeHne ABMKeHUs CMENEHHOTO DJIEKTPOHA MMEeT B

d?s noqz s (7 23)

- Y=

Mean= €0
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OTcroma ciemyer, 9TO § MeHAETCA IO TAPMOHHYOCKOMY 3aK0HY. Bo
BPEMEHH S MEHJETCH Kak COS Of WM, M MCIO0Jb30BATh DKCIO-

HEeHTy (CM. BHIO. 3), Kak

efopt, (7.24)
Yacrora xonebannuit @, ompemeasnercs ma (7.23):
2
2 Mol -
Wp = (7.25)

910 WICI0, XapARTCPUSYIOLee MIa3My, HABHBAIOT co0cmeeHHoll
yacmomott koaebarull naaimb:, WAL RAAIMEHHOL uacmomoli.

Ounepupys ¢ dJIeKTpPOHAMH, MHOTHE NDPEIOOYHTAIOT IOJIYydYarhb
OTBeTH B eNUHUIAX e?, ompejesaeMHX Kar

2

et = =2,3068-10728 uniomon - m2. (7.26)
4]
Hpu stoM yemosum (7.20) mpempamaeTcd B

oy =20 (7.27)

B raxom Bume 31y GOopMyny MOKHO BCTPETHTH BO MHOTHX KHHTAX.

Wrak, Me 00HAPYuiIu, 970 BO3MYIIEHWA MJIA3MBI NPUBONAT
K cBOGOIHEIM KoNeGaHuaM DJIEKTPOHOB BONM3HM TIONOjieHAS PaBHO-
Becus ¢ COOCTBEHHOH 9acTOTOH 0, , IPONOPLUHOHANHHON KOPHIO KBAJI-
pPaTHOMY U3 IJIOTHOCTH anempOHOB lnasmennpie DaeRTPOHEL Be-
AyT ce0s Kax pe3OHAHCHAA cHereMa, MOJo0HAs OMUCAHHBIM B BHIN. 2,
rn. 23.

ITOT cOGCTBEHHBI PEe30HAHC NJIasMbl HPUBOSUT K HMHTEPECHKIM
sdpperram. HanpuMep, mpyw npoxosRIeHUN PAZHOBOJIH CKBO3b HOHO-
chepy oOHapy:;KHBaeTcs, 9TO OHM MOLYT MPOMTH TOJILKO B TOM CIy-
yae, eClId WX YacTOTa BHINE IIA3MCHHON dacrorsl, A mHade OHH OT-
pakaores obparro. Jlus cBsisH ¢ HCKYCCTBEHHBIM CIYTHHKOM MBI
HCHOAb3YeM BHICOKHE 9acToThl. Eeian sKe ME X0TUM CBA3aThCS ¢ pa-
JUOCTaHIMe, PacmoNosKenHod Tife-T0 3a TOPH3OHTOM, TO HEOGXO-
JIMMBl 9acTOTH MEHBINHMe, 4eM IUIa3MEHHa sl 4acToTa, MHAYe CHTHAI
He orpasurcs obparHo K 3emire.

Ilpyroft marepecHsit npuMep KogebaHmI niasMmel HabIIOgaETCA
B Metasnax. B HuX comepikures IIasMa U3 MOJIOKUTENBHBIX MOHORB
A CBOGOIHHX BIEKTPOHOB. 1LTOTHOCTH #, TaM OYeHbL BEICOKA, BHA-
uuT, BeaHKa U @,. 10 noneGanus 9aeKTPOHOB BCe e MOKHO o0Ha-
py®urb. Bemp, COLlacHO KBAHTOBOI MeXaHUKe, [apPMOHHYECKMI
OCLIIIATOP ¢ cofcrBenmnoil gacroroli w, 06J1a1_1aeT ypOBHHMI/I DHEep-
TuM, OTIAIAIIUMHUCA APYT OT Apyra ha peimauay ho,. 3Hauur,
ecau, CKaykeM, 00CTpelUBATD DAEKTPOHAMA amoMHHneBon d)om,ry
I 09eHb TOYHO M3MEPATH HX DHEPTHi0 00 Ty CTOPOHY (OJBrHU, TO
MO/KEO O;KUAATH, 9TO BPeMEHAMH DJIEKTPOHH OYyHyT m3-3a Kouneba-
Huil I1asMBl TEPATh Kak pas oHeprmo ho,. Tak ato m mpomcxo-
qur. DBoepssie ore  gpioenue Haﬁnwnano% DKCHOEePUMEHTAIBHO
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B 1936 r. DIeKTPOHH € BHCPIUAMHA 0T HECKOJNbKHEX COT 0 HeCKOJb-
KHNX THICSY 3JeKTPOHBOJDBT, pACCeNRasACh 0T TOHKOH Meraiximdeckoii
$ONBru WM UWPOXOJAS CKBO3b Hee, TEPANU DHEPILHI0 HOPUUAMI.
IPpdext ocrapaica memomATeM no 1953 r., noxa Bom m [laiime *
He MOKasaj}, 9TO BCe 370 MOKHO O0BSCHUTL KBAHTOBEIM BO30YsH e~
HUEeM ILTa3MEL B MeTalie.

§ 4. Koaaoudnsie wacmiiist 8 aaexmposuime

OfparnMcs X JPyroMy sBJEHMIO, KOTJA MECTOIOJNO;KeHAE 3apPsi-
OB ONpelelIgeTcs HOTEHINATOM, CO37aBAEMEIM B KaKOH-TO CTeIeHN
caMuMu 3apsmamu. Tawkofi agderr CyImecTseH [JA IOBEAEHIS
Kosougon. Noajouy — 970 B3BECh MaJeHBRMX 3apA/KEHHBIX Yac-
THYeK B Boge. XOTs ATH YacTHYKH M MHUKPOCKOIYECKHe, HO MO
CPaBHEHWIO € aTOMOM OHH BCe ;K€ 09eHb BeJUKH. Leam On Ko ou;i-
Hble JacTul(bl He ObUIM 3apsAKeHsl, OHK OBl CTPeMUINCH KOaryImpo-
Barh (CaUTbCA) B OOMBIIME KOMRH; HO, Oy/IyIHM 3apsUKEHHHIMU, OHU
OTTAJKUBAIOTCH APYT OT APyra U OCTAIOTCS BO B3BEIIEHHOM COCTOA-
pun. Ecau B BOpge pacrBopeHa eme COIb, TO OHA RUCCONWHPYET
(pacmonsaercs) Ha HOJOKUTEIBHAe W orpuuarexbHsie wonsl. (Ta-
KOl pacTBOp MOHOB HaskBaerca dsiekrponuroM.) OrpumareiabHbie
WOHE TPUTATHBAIOTCA K KOJANOUITHEM gacranaMm (GymeM CUHATATH,
910 UX 3apAAH DOJORUTENBHE), a HOJOKUTEeNbHHE — OTTANIKM-
Batorca. Ham HyKHO y3HaTh, KaK HMOHE, OKPYKAINUE KAKIYIO
JacTHIy KOJJIOHia, pacupefeleHbl B NpOCTPAHCTERE.

Yro6m wmpickb Oblia AcHee, PacCMOTPHM TOJIBKO OfHOMEDPHEIH
caydait. [lpemcrapem cefe koxmouguyo gacTuny B BUAE 04€Hb GONB-
moro (Mo CpaBHEHHIO € aroMoM!) lmapa; TOTZa MBI MOYKeM Mallyio
4acrh ee NOBEPXHOCTH CYMTATHL ILIOCKocThio. (Boofme, mmrTasich
TOHATHL HOBOE SIBJIEHUEe, Hywiie pa3obparhbca B HeM Ha YpesBHYall-
HO YMPOTIeHHON MOMEJY; W TONBKO MOTOM, IOHSE CYTh HIpOGJeMEl,
crour Opathcs 3a 0ojiee TOJHBIE PaCUeTsH.)

Hpepnonoxum, T pacnpefiesenne HOHOB €0O31aeT INTOTHOCTD 3a-
PAROB p(x) U DIEKTPUUECKHII HOTeHNMAN (p, CBS3AHHEIC DIEKTPO-

CTaTHIeCKUM 3aKOHOM V’@—=—p/g,, WIM B OJHOMEDHOM Clydae
3a0HOM
J2
Po_ o (7.28)
da? g,

Hawx 6o pacupenenunanch MOHB B TAKOM HoJie, eCay Obl IOTEH-
MUAJ NOJUUHANCH DTOMY ypaBHEHHI0? VY3HATh 5TO MOMKHO IIpH
NOMOINM TPUWHIWIOB CTATHCTUYECKON Mexamuku. Bompoc B ToM,
Kak omnpepesuTh ¢, uroObl BHTEKA0Iasg U3 CTAaTHCTHYeCKOH Mexa-
HUKH ILJIOTHOCTH 3apAfa mosce YAOBIeTsopsiza 6u yeaonmio (7.28)?

* (O moBHX pafoTax IO B3TOMY BOIpPOCY W GnbamOrpaduio cM. B CTATHE
C.J.Powell, J.B.Swann, Phys. Rev., 115, 869 (1959).

145



Cornacro crarmeTngeckoil Mexammie (cM. BHI. 4, ra. 40), wac-
TUIE!, Opebbiasd B TEIVIOBOM PaBHOBECHY B H0Je CHI, pacHpefess-
0TCA TaK, 9TO INIOTHOCTDb 1 9acTHll ¢ KoopAmHATOH x maetca ¢op-

Mymoit
n(x) = npe=U VAT (7.29)

rae U(z) — morenumanvHas sHeprds, k — mocrosimHas BoabiMa-
Ha, a I — aGcomroTHAas TeMmmeparypa.

[lpegmomosxuM, 970 y BeeX WOHOB OLHE M TOT 5Ke IEKTPHIECKU
3apAf, MOJOKUTENbHE miu orpuuareasHHil, Ha paccrosmmm z
OT MOBEPXHOCTH KONAOUIHOU TACTHUIH IONOMUTeNbHHNN HOH Oyfer
obnajgarTh moTeHIUMANbHON DHeprueil

U(x)=1.9(2).
II7oTHOCTS MONOMKUTENBHHX MOHOB TOT/A paBHA
n.. (z) =n,e=9:9 KT,
a IJ0THOCTL OTPUILATEIbHBIX
n_ (z) =n,et o (x)/ kT,

Cmeap Hag ONJOTHOCTH 3apHApa

p=gn, —qg.nn_,
nin
0 = q, 1y (e~ 949/ kT — g+ a:0/kT), (7.30)

Iogcrasnaa B (7.28), yBumuMm, 49To HOTeHNHAX ¢ JOJKEH yAOB-
IeTBOPSATh ypaBHCHIIO

%P — _‘7_;:_0 (6= ae0/KT — g+ aupikT), (7.31)
Jdro ypaBHeHme pemaerca B o0meM Buje [momHoxbTe 00e ero
vactm Ha 2(dp/dz) w mpounTerpmpyiite mo x|, HO, IpoRoMKas
yIpomaThs 3amady, MB OIPpAaRHYUMCS 3[ech TOJIBKO HpeexbHBIM
clIydaeM MAajkX TIOTEHIHAIOB HJIW BHCOKHX Temmeparyp 7.
Maxocts ¢ orBegaer paszGamiaeEHOMY pacrBopy. llorasareib
SKCIOHEHTH TOTHA MAJ, W MOKHO B3fTH

ei‘qeq)/kT = 1j_—__q_k%‘> s (7.32)

Ypasrenme (7.31) maer

2n4q%

d2
=tz @ (7.33)

SaMerbTe, 4TO Temeph B MPaBOd YaCTH CTOMT BHAK ILTIOC (pe-
meHye He KolebarelpHOE, a HKCIOHEHIHAIBHOE).
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Due 7.7. Hamenenue no- A
menyuare Y  nosepIHOCMU
KOAL0UOHOT wacmuy,

D — 0deGaescran dauna.

O6mee pemenue (7.33) mmeer BHJ

¢=Ae~*D 4 BetxD, (7.34)
rie
De =§;’§f}é . (7.35)

Ilocrosimane A m B onpefensoTea w3 106aBounwX yciaosuii. B Ha-
meM caydae B jomkHO 6BITL HyJeM, MHAYe DOTCHIHAN [is 00Jb-
mux x obparurca B Geckoneurocrs. Mraxk,

(p:Ae_x/’D, (736)

rme A — norennuan npu x=0 Ha NOBEPXHOCTH KOJLIOUZHOH Yac-
THIHL.

IMorennnan yGmBaer B ¢ pas mpm yaalenmd ma D (fur. 7.7).
Yucao D nmassiBaerca debacsckoil 0aunoli; 9T0 Mepa TOJIUIAHE HMOH-
HOIL 000J04KE, OKPYKaToIeH B DIeKTPoIATe KaMIYI0 GONbIIYIO 3a-
pAsenuyIo Yacruny. Y paprernme (7.36) yrrep:xnaer, uro 000m0UKa
CTAHOBUTCA TOHBIIE MO Mepe YBeaWueHWsA KOHIEHTPalMU HMOHOB
(n,) NIW yMEHbIIEHUA TeMIIepPaTy phl.

[Tocrostaryio A B (7.36) Ierko NOAY4INTH, €CIM H3BECTeH MOBEPX-
HOCTHELIL 32 psAj| 0 Ha IOBePXHOCTH 3apsiyKenHoil Yacrumsl. ME1 sHaeM,
"To

; E,=E, (0):}}0 . (7.37)
Ho £ 3710 Tarke rpajuet ¢
a A -
Ex(o)-—“-“;g% =+5 (7.38)
OTKYZa HOoJydaeTrcs
4= (7.39)
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Iogcrasue sror peayabrat B (7.36), Mot moxyumm (monomus z =0),
YTO MOTEHIUAJ KOJTOMIHON YACTHUIB PaBeH

o (0)="2 . (7.40)

€q

SaMeTsTe, 9TO 9TOT HOTEHI[HAJ COBIAAACT ¢ PA3HOCTDI0 MOTCHIMALOR
B KOHfleHCATOPE ¢ MPOMEYTKOM L) M HOBEePXHOCTHON INIOTHOCTHIO
s3apsaxa o.

Mu c¢rasand, 9TO KOZJOMAHHE YacTHUH HE CJUOAIOTCA BCIEN-
CTBUE YJIEKTPUYECKOTr0 orTadkuBanus. Ho remepb Mbl BHAWUM, UTO
HeBJaJieKe OT MOBEPXHOCTH YACTHLH M3-32 BO3HHUKAIIIEH BOKPYI
Hee MOHHOI 000J0uKHu moae cmagaer. Kean Ost 060d09Ka crana mo-
CTATOUHO TOHKOMH, ¥ WaCTHI MOABMICA Obl LIAHC CTOAKHYTBCA APYT
¢ gpyrom. Torga onu 681 caunameb, KOLIOUA Obl OCAMUIACH W BHITAJ
3 xugrocry. s mamiero aganusa ACHO, YTO Iocjge Jo0aBiIeHUs B
KOMJIOW HOAXONANIEro KOJHMYecTBA COJM HAYHeTcs BhHOaJeHHe
ocajika. IJTOT MPOIECC HABLIBAGTCA (BHICATHBAHMEM KOIIOHIAN.

Ilpyroii wuuTepecHHl npuMep — BTO BIAUAHUE PACTBOPEHUS
conm Ha ocaxenune Geaka. Monexkymna Geaka — 9To AAUHHEASA, CIOK-
Haa u rmOKast nemb aMuHoKmesor. Ha Hell TaM m caM uMerored 3a-
PALB, M BpeMEHAMH 3apAN KAKOTO-TO OTHOTO 3HAKa, CKaskeM OTpu-
aTeabHOTO, pacnpegeasercs BIoJb Beell menu. B pesyabrare Baa-
MMHOTO OTTAAKHBAHUSA OTPHUIATEJILHEIX 3apAmoB Oearosas Lemb
pacupamasercs. Eciim B pacrBope EMEIOTCS eme APYyrue Takue e
MOJIOKYJIRI-IEIOYKY, TO OHM He CIAMNAITCS MEeRAY coOol BcuecT-
BHE TOTO j;Ke OTTaJNKuBAHMA. Tak BO3BHHMKAET B ;KUIKOCTH B3BECh
Moaeryia-nemode. Ho crour moGapurh Tyma comm, Kak cBoilcTBa
B3BECU USMCHATCA. ¥ MCHBIIWUTCA e0aeBcKasA OAWHA, MOJEKYJIbL
HagHyT cONMMATHCA U CBEPTHIBATHCSA B CHUpAIHN. A €CIH COJH MHO-
ro, To MOJeKyJIH 0ellKa HaumyT BHIOagaTs B ocamok. CymecrByer
MHOJKECTBO APYTHX XMMAYCCKHUX ARJICHUH, KOTOPHE MOKHO DOHATH
Ha OCHOBE aHAJIM3a DIEKTPUUCCKHUX CHI.

§ 5. Guexmpocmamunecroe noae cemru

Hanocnegor Msl X0TUM H370:KHTH €INE OHO HHTEPECHOe CBOIi-
CTBO DJIEKTPUUIECKHWX mosieii. OHO MCIOIAB3YeTCsE B DISKTPHISCKUX
npubopax, JMEKTPOHHLX JaMIax # Jjisg Apyrux meiaeil. Peus uper
0 TOBGEHUH DIEKTPUICCKOro MOJA OJAW3 CETKHM, COCTABJACHHON U3
3apsyKEHHBIX IIPoBoJouek. Urol ympocTurs 3agady, BO3bMEM IIOC-
KYI0 CHCTeMY NapajiiedbHBX MPOBOJ0YeK GeCKORETHOM JIUHEL, OPO-
MERYTKEM MEKIY KOTOPHIME OJNUHAKOBEL.

Ecan MH mocMorpuM Ha moJe TAe-TO BHICOKO HAJ[ IJIOCKOCTDHIO
[IPOBOJIOYEK, Iepel HaMH HPeacTaHeT OTHOPOTHOE DIeKTPHIECKOe
[oJie, Takoe, CJOBHO 3apsj pacupefieseH Ha INIOCKOCTH paBHOMeD-
Ho. ITo Mepe mpubnmKenus: K ceTKe HATHYTCA OTKJIOHEHUA OT IPeK-
Heil opHOpOoxHOCTH. MBI XOTUM OUEHHUTDH, HACKOIBKO OIM3K0 OT CeTHU
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@y a2 7.8, Ireunomen-
Yuaaviiile ROSEPIHOCIU Tz
Had 0dfopodnoti cemroil -
U3 SAPANCEHHHLT NPO6O-

A0YEE,

PR —_—— —-——— -
N e

T R i L L -V
e Yy Y Je) Py (e
+ + ¥ + + +

e (Z—-x—l
—_—
X

HOSBATCA 3aMeTHBIC m3MeHeHus B norennuaxe. Ha ¢ur. 7.8 noxasa-
HO HPMMEPHOe PACIIONO/KeHUe DKBUHOTeHIHAABHEX IoBepXHOCTel
HA paszHKIX PaCCTOSHEUAX oT ceTku. WFeM 6nmike K ceTKe, TeM cUIbHEe
ronebaHusa. [JBurasch mapagineslbHo ceTKe, MBI BaMETHM, YTO HOJE
U3MEHSRTCA MOePUOTHICCKH.

M y:xe sHaeM (cM. BHID. 4, ra. 50), uro mToGad mepuognueckast
BelIM4uHa MOKeT OBITh IPeNCcTaBIeHa B BUE CYMMEl CHHYCHBIX BOJIH
(reopema @ypsre). IlocMoTpuM, HEJIB3s T¥ HANTU TDOAX OLAMLYIO KoJIe-
farenpHYI0 QYHRINIO, KOTOPAst YAOBIETBOPIET HAIUM yPABHEHUAM
noxns,

Ecay npoposouxn geRaT B NAOCKOCTH IY MapajljlelbHO OCH Y,
TO MOKHO MONpo6oBaTh UCHEITATH YJIeHH BAAA

o (z, z)=F,(3)cos 2n ne , (7.41)

a

Iie @ — paccTofAHWe MeRAYy HUTAMH, a 7 — YHCAO Kojedauuid.
(Mpl mpemitooskuiu, 910 HUTH 3TH OYeHb JAUHHbE, TAK 9T0 HUKA-
KUX m3MeHeHumil mo y He samerHo.) IlosHoe pemmeHme JoJKHO CO-
CTOSITh W3 CYMMEl TaKkux wiesop npu n=1, 2, 3... YT06 noxyunncsa
OpaBUILHBIA mOTeHIMaa, OHO JOJMKHO B ofiacTm Hap ceTkoil (rme
3apaANOB HeT) NOJYMHATHCA ypaBHeHu®o Jlamzaca, T. e.

o | o g

BxE T a2 T

WcnomtaiBaa aTum ypaspenmeM  yEkumo ¢ n3 (7.41), mH
mogydgaeM

4nn?

112

2nnx | d*F 27 nx
F,(z)cos Tn%—ﬁcos - =0, (7.42)

T. e. F,(z) MONMHO YXOBJICTBOPATH yCIOBHIO

*F, _ dnn® o

dz? a? n*

(7.43)
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WUrar, momxuo OwTH

F, =A%, (7 .44)
Ty © (7.45)

M=u o6mapy;Runu, 9ro ecaum mmeercAs rommonenta Dypbe p-if Tap-
MOHHKH NOJIA, TO M@ KOMIOHEHTA JOJIKHEA YOKBATE IO 9KCIOHEHTE ¢
BBEICOTOI, IPAYeM XapaKTePHBIM PACCTOAHYEM ABIAETCH Z,=a/28n.
Avmruryna y mepsoit rapMmoHmiu (n—=1) yMenbimaerca B 2" pas
(oYeHD pesroe majeHme) RAKAHI pas, KOTrfa ME  yHAJsAeMCS OT
CeTKY HA BeJHYUHY ONHOTO IPOMERyTKa a. [l pyrue rapmoHury youi-
paior ere Gurecrpee. Mot BuyuM, 4ro yiKe Ha PaCcCTOSHMH B HECKOIBKO
@ ceTka KayreTCA MOUTH OXHOPOAHOH, T. e. KojebaHWA IONA OYEHB
mansl. Homedno, Bcerga ocraercd «HyJeBasg TapMOHHUKA» MOJST

Py = _Euz’

KOTOpas W paerT ofHOPOXHOe moge upu Gonsmux 2. Haa wmommoro
pemieEus HY;KHO A00aBUTb BTOT WieH K cymMe wienos euja (7.41)
¢ F, us (7.44) , mpuueM KasxjHIil Wied HaZo B3ATH ¢ KodpPuimeHToM
A,. Ita KosddumeHTH BHOHpPAOTCA TaK, YTOOH mochae puddepen-
OEPOBAHMSA MOJIYYHUTOCH IOTE, COTIACYIOMEeecs ¢ WIOTHOCTHIO 3apsA-
0B A HA TPOBOJIOYKAX CETKH.

PaspurniM HaMH METOJOM MOKHO O0BACHUTH, HOYEMY BJIEKTPO-
CTaTHIECKAH 3aMIUTa ¢ NOMOIUBI0 CETRH HUYYTH HE XyyKe CIJIOIIHHIX
aucToB Meradia. Hlome 3a ceTKoll paBHO HYINIO BCIOAY, 34 WCKIIOYE-
HUEM TTPOMeRYTHA y caMoil CeTKH, He MPeBHIMAIero 10 pasMepam
HECKOJbKUX e¢ A9eeK. MBI BUIUM, 94TO MeJHAS CeTKa, KOTOpas Ha-
MHOTO JieTe U JellieBie CIoNtHoNl MefHOol ofmuBKU, BOOXHE IPH-
rogHa s 3AIUTH YYBCTBUTEALHOrO BIEKTpHYecKoTo o6opymona-
HEA 0T BOSMYIIANINUX BHOMHOX TMOJeH.



I'nasa 8

3JIERTPOCTATEIIECHAH 3HEPFEH §1.3HeKTpOCTaTﬂ‘Ie‘
cKas pHeprua
3aPAMOB.
. Opnnopo;niil map

§ 1. Saexmpocmamunecrkan snepius §2.Oneprms

3apad06. O0HOPOIHLITL Wap Kopjeacaropa.
Cantpr,
OpHO W3 caMbIX MHTEPECHBIX U IOJe3HBIX OT- AclieTsyrongre
KPHTHI B MEXaHIKe —3T0 3aKOH COXPaHeHNs dHe P- HA 3apAHCHHBIC
ray. 3Has QOPMYIH I8 KMHETHUCCKOH M moTen-  HPOBOEHHRH

OUAJIbLHON 9YHepruii MeXaHWUeCKo#W CHCTeMBbI, MH

cnocoGHN O0HADYMUBATH CBA3L MEKAY COCTOs- §3.9JICKTpOCTATHYC

HHUAMY CHUCTEMBI B J(Ba Pa3HLIX MOMEHTA BPeMeHH, CRas1 3Heprug

He BHUKasg B HOXPOOHOCTH TOTO, YTO HPOMCXOLHT HOHHOI'0 KPHCTALIA

MEKIY STEMH MoMeHTaMu. MH X0THUM OnmpejesuTb

Temeph 9HEPIUI0 BIEKTPOCTATHUecKHmX cucreM. §4.dAexrpocrarnde-

B smexrpuuecrse coxpaHeHme dHEPruuM OKaskeTcda  CKast DHepru:A sijppa

CTOJIb jKe TOJe3HBIM piig O0HADY:KeHHS MHOI'UX

T1060OEITHHX (aKToB. §5.9uepris B 3ACKTRO~
3aKOH, N0 KOTOPOMY MEHSETCA DHEPrHMs npu  CTaTHYECKOM HOAe

3IEKTPOCTATHIECKOM  B3amMOJeHCTBHH, OYeHb

OpocT; HA CAMOM /efe MH ero y:;ke oGcympanu. §6.9Heprasa ToyetHOro

Iycrs umerores zapsan ¢, ¥ ¢,, pasjejenHse npo-  3apsaa

MEKYTKOM I'y,. ¥ 9TOH CHCTEMHL €CTh KaKaf-TO

DHeprus, MOTOMY 4To HoHamobmaachk Karas-to JIosmopumv: T 4

pabora, uro6r cOrusuTh 3apsaul. Msl momcuuts- (spmz. 1)

Bajm pabory, mpomspogumMyio npu cOIMKeHAN «Coxpanetmne

ABYX 3apsAgoB ¢ 0ONBIIOTO paccTOSHUSA; 0HA PaBHA SHEPruIm? ;
ra 13 u 14 (oo, 1)

q19s (8.1) «Pabdora
dnggrys | : H HOTCHIIMANbLHAL
BHEPIHs»

Mu 3HaeM W3 NPHHNUNA HATOREHUA, 9TO €CAH
3apAfoB MHOro, To obimas cuiaa, geficTByomas
Ha n06oll W3 3apAfOB, paBHA CyMMe CHI, feii-
CTBYIOIIEX €O CTOPOHH BCEX mpoyuX 3apsanoB. OrT-
ciojia cjaexyer, 4TO TOJHAS DHEPTHUsA CHCTEMBEI He-
CKOJBKHX 3apAJ0B €CTh CyMMa YIEHOB, BEIPAIRKAIO-
mux B3amMopelicTBue KajKmoll mapsl 3apsajoB IO
orpensHoctn. Ecam ¢; m ¢, — rakme-to 1Ba u3
3apANOB, a PACCTOARME MEKLY HUMHE T;; (Pur. 8.1), 151
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o Duez 81. Baekmpocmamuuecras
q. o] o aHepaul cucmemt yacmuy ecmb
O\‘ CYMMA  SACKMPOCIAMULECKUT sHED-
~  eull waddoll napw.
Nt )
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0 q;
o O

TO 3HEPIUs HMEHHO DTOH maphl paBHa

_ 99, (8.2)

dmegr;;

Tlonmas anextpocraruueckas sueprust U ecrhb cyMMa dHeprui sce-
BO3MOKHBIX Hap 3aPAIOB:
U= qiq9; . .
Z 4”8071'/ (8 3)
Bce

napsi

Ecan pacnpegesenue 3ajaercs NIOTHOCTBIO 3apsfa P, TO CyMMY B
(8.3) Hy;KHO, KOHEYHO, 3AMEHMTH HHTErPAJIOM.

Mur paccraskeMm sgech o6 pHeprum ¢ IBYX Touek 3penusa. Ilep-
Bag — MPUMEHEHUe TOHATHS SHePTUH K DIEKTPOCTATHICCKHUM 3a7a-
gaM; BTOpasg — pasHsie CU0COOH OyeHKu BeawuamHsl sueprmu. Ilo-
poiil jerde OniBaeT moACYUTATH BEINOJHEHHY B KAKOM-TO CIydae
pafoTy, 9eM OLEHUTH BeAWIMHY CyMMH B (8.3) miu BeJUYHHY CO-
orpercTByiomero muaTerpatsa. Ias obpasifa momcuumrtaeM OSHEPTUIO,
HeO0XOIUMYI0 WIS TOTo, UTOOH colpaTh U3 3apsANOB OXHOPOAHO 3a-
pAKeHHBN map. JHeprusi 3mech ecTh He 9TO WHOoe, Kak palora,
KoTopas saTpaddmBaercd Ha co0HpaHme 3apaioB W3 0ECKOHETHOCTH.

Ilpencrarpre, 910 MH coopy:;kaeM IIap, HaCKamBas IOCJeLOBA-
TeNBHO APYr HA Apyra chepudyeckue crou GecKOHETHO Mayoll ToJ-
muas. Ha rampont cragum nponecca M cofupaem meGoabimoe Ro-
JIMYECTRO SACGKTPUUECTBA W PadMeIlaeM ero TOHKUM CloeM 0T I 0
r--dr. Mot mpopom;kaeM mponecc sTOT O TeX mop, moka me gobe-
peMcs 7o saganHoro pagmyca a (¢ur. 8.2). Ecam Q, — aro sapsax
mapa B TOT MOMEHT, KOIJIa map JIoBefeH M0 paguyca r, To pabora,
TpefyeMas Qs HOCTABKYU HA 1map 3apsiga d(Q, paBHA

au =442 (8.4)

4rie r
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Quz 8.2 Suepeur odnopod-
HO 3APAICEHHOB0 WAPA MONHO
paccuumamb, soobpasus, umo

€20 CAenULU, Nocaed08ameisrto R dq
nacaquean Opye Ha Opyea ®
~——

cepuneckue caou.

Ecam miormocts sapsja BHyTpm mapa ecte p, To 3apan Q,
paBed

4
Qr =0 3 nr?’,
a sapan dQ paBeH
dQ =p-4nridr.
Ypasrenwe (8.4) mperpamaeTcs B
_ 4npiridr
AU = =g . (8.5)

IMonnan omeprus, rpefyemMas Ha To, 9T00H HAKONHTH IOIHELN
map 3apsamos, papHa muTerpany mo dU ot r=0 gor=a, 1. e.

4npad
U=, (8.6)

a ecJ¥ MH KejaeM BHIPA3UTh pe3yabTAT Yepes IOJAHBIH 3apag
mapa, To

3 @

U—g dnega (8.7)
JHeprus IPOUOPIMOHANBbHA KBAZPATy HOJIHOTO 3apAga u of-
paTHo npomopuMoHaapHa pajgmycy. Moxuo unpepcraputh (8.7)
u rtak: cpenmee smHadeHue (1/r;;) mo Bcew mapaM TodWex BHYTpR
mapa paBHo %/;a.

§ 2. Snepeusn roundencamopa. Cuavt, deticmeyroujue
HA 3APAHCCHHBLE BPOCOIHUKY

Paccmorpum Temepsb aHepruio, TpebyeMyo Ha TO, 9T0o0 3apAIHTH
roHpeHcaTop. Ecnm sapsm Q Gbin cHAT ¢ OfHO O0KIANKE KOHACH-
caTopa M mepeHeceH Ha APYTYIO, TO MeKIY O0KIaJKAMA BO3HUKAET
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PasHOCTh MOTEHIHAI0B, paBHAas
Q

V== (8.8)
roe C — eMrocTs KomjeHcatopa. Cromrbko palorH 3arpadeHo Ha
sapAnKky romfieacaropa’ IlocTynmas TouHO Tak ke, Kak MBI HOCTY-
naju ¢ mapoM, BooGpasuM, 4To KOHJEHCATOD YiKe 3apsskeH HepeHo-
coM zapaAga ¢ ofHoN o0KIafKM HA APYrylo MaJeHHKHMHA HOPIUAME
dQ. Pabora, Tpefyemas g nepeHoca 3apsga d(), papHa

= VdQ.
Baas V us (8.8), manumenm
dU == 22
Wan, marerpupys or Q=0 po KoneuHOro 3apsaga (), moxydaem
Lo
=57 (8.9)

JTy 9Heprui0 MOJKHO TaKKe salmcaTh B BUjeE
1
=5 cVe. (8.10)

Bcenomunas, 9ro emKocTs npoBoxAmeil cdepr (10 OTHOMIEHUIO K
GeCKOHEYHOCTH) paBHA
C cpepa = &mteh0,

Mbl HeMe/JIeHHO IoxyuuM u3 ypasHerns (8.9) sHepruw 3apsyKeHHON
chepn ,

1 e
JTo BEpajKeHENe, KOHEUHO, OTHOCHTCH TaK/Ke M K YHEPIUH TOHROTO
ciepuneckoeo caoa ¢ DOAHBIM sapafnoM (J; monyuaercsa °/g sHep-
rud 00HOpOOHO 3apAadcennoz0 Mapa [ypasuerue (8.7)].

HocMoTpuM, Kak TpPUMEHAETCH HOHATHE aneKTpOCTaTmecKou
sHeprum. PaccMorpum gpa Bompoca. Kaxopa cmia, peiicrsyrmomas
Me;RNy oOKnagraMm KoHIeHcaropa? Hakoii BpamaredbHRI (KpyTaA-
I i) MOMEHT BOKPYT HEKOTOPOIl 0CH UCHEITHIRAET 3a PSKEHHbIR Tpo-
BORHHK B UPHCYTCTBYMY JPYTOro NPOBOTHUKA ¢ IPOTHBOIIOJOKHEIM
sapspoM? Ha rtaxme BOmpOCH IerKo OTBETUTH, MOJNB3YACH HALIHM
pripaskenuem (8.9) [Is 2JeKTPOCTATHIECKOR DHEPr Ul KOHIeHCATOPA
M OPUHIHOOM BUPTyaldbHO# paboTe (cM. Bhm. 1, ru. 4, 13 u 14).

[TpumennM 5TOT MeTON IJiA onpefesieHus CUIH, AellcTsyomell
MEeKIY ABYMSA O0KJIafKaMu INTOCKOro KoHyencaTopa. Eexu Mu mpeji-
CTaB¥M, YTO NPOMEKYTOK MeKAY ILIACTHHAMH DPAcCIIEPHICA HA He-
Goxburyro BeaumamHy Az, To TOTAa MexaHmueckas pabora, MpOH3BO-
auMasg HM3BHE A TOro, 4To0Hn pasmBHAEYThH OOKIaaxm, Onaa Owbl
pasHa

AW = F Az, (8.12)



rie F — cmia, peficrByroman memxay obxinagkamu. Ira pabora o6s-
8aHa OHTh PAaBHOI M3MEHEHUIO HICKTPOCTATHYECKOH dHEPTHH KOH-
JeHCAaTOpa, eCIH TOJbKO 3apsaf KOHIeHCAaTOpa He W3MEHIICH.
Cormacuo ypapuemmio (8.9), smeprusg KoHmeHCATopa IepPBOHA-
JanbHo OHLIa paBHA
/1 2
v-12.
2C
Hsmenenne B sneprum (ecim Mu He JONYCKAGM M3MEHEHW] BeaNIHN-
HH 3apsifia) TOTa PaBHO

1 1
AU=70m<f). (8.13)
ITpupasuusan (8.12) u (8.13), monyvaem
Q2 1
FAkng(7>, (8.14)
9r0 MosReT Takske OHTH 3alHCAHO B BUIe
Q2
FAz=—55 AC. (8.15)

flecmo, sTa cmia sgech BOZHHKAeT OT IPWTSKEHWA 3apsAgoB Ha 06-
KIagKax; Mbl BIUM, OHAKO,4T0 3a60THTHCA O TOM, KaK TaM OHE pac-
npeflefieHE, HaM HeYero; eIWHCTBeHHOe, UTO HaM HYMKHO, — 3TO
yaecth emrocTh C.

Jlerko moHATH, Kak 0000IMTE 9TY W0 HA IPOBOTHUKY IPOM3-
BOJIbHOI (0 PMHL ¥ HAa MPOYHE COCTABMSAIONINE CUIb. 3aMeHUM B ypas-
meaun (8.14) F Toit cocraBuAlomell, KOTopasg Hac MHTepecyeT, a
Az — MaIBIM CMCHUICHHEM B COOTBETCTBYIOEM Hampasienum. Wiam
ecIU Y HAC ecTb 3IEKTPOJ, HACA;KOHHBII Ha KaKyi0-TO 0Chb, ¥ MH X0-
THM 3HATh BpallaTeIbHEI MOMEHT T, TO 3alHIIeM BUPTYaJIbHYIO pa-

Gory B BHIE
AW = 1A0,

rme A® — meGoxbmoil yraosoii mosopor. Koneuno, remeps A(1/C)
molKkHO OniTh waMeHeHmeM 1/C, oreeuatomum mosopory Ha AB.

%
el

D u e 8.3 Yemy pasen epawyamens-
Huil Mmomenm, Odeliemeywwuil Ha
nepemennblii xondencamop?
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TakuM cnocofoM MH MOKEM ONpPeNeNuTh BpamiaTelbHHY MoMeHT,
feficTBYWOIMH Ha HOJBUKHLIE ILIACTHHE MEePCMEHHOr0 KOHJEGHCA-
TOpa, NoKazaHHOTO Ha ¢ur. 8.3.
BepHeMcss K wacTHOMY cayuald IJIOCKOTO KOHIEHCATOPA; MBI
MO;KeM B3ATh GOPMYAY [if eMKOCTH, BHEBEAEHHYK B Ii. 6:
14 8.16
_C_'_‘m ’ ( . )
re A-—mrowanb Kamkpoll ofrkjagkm, EcIum mpoMmemRyToK yBe-

auqaureg Ha Az, TO
1 Az
A (?) ~ e -

Nz (8.14) torpa caegyer, 910 cuia LPUTS/KEHAA MERLY JBYMSA
ofKRIagRaMII paBHA
2

= 8.17

284A ( )

Barisamem ma yparpmenue (8.17) nosHuMAaTelpHee W IoyMaeM,

Imeb3s JIH CKasaThb, KaK BO3HHKaeT »Ta cuia. Ecunm zapsag HaA
ognoil w3 ob6RjagoK MBI 3anuiieM B BH[E

Q =04,
o (8.17) Moxuo Oypmer mepemucarh Tak:
1 o
F == »2— 0 8_0 .
Wnun mockoabry mose Mesay njacTHHAMHE DPaBiio
o
E0:~8~0,
TO {
F:EQEO. (8.18)

Moskuo ORJIO cpasy gorajarbes, 4TO cujid, HelCTBYWINAS Ha
OfIHY W3 IUTacTdH, 6y/eT papHa 3apAAy ( 9T0il WIAACTHHE, YMHOMKCH-
HOMY Ha moie, jgeiicTeyiomee Ha 3apsaa. Ho aro ypusaser, Tak 1o
MHORUTeNb tf,. Ieqo B ToM, uro E, —sT0 He To moxe, Komopoe
deticmsyem na 3apsafge. Eciou poobpasuth, wro 3apsaj Ha NOBepX-
HOCTM NUIACTHHH 3aHWMaeT Kakoii-ro ToHKmi cxofl (pur. 8.4), to
moie OyfeT MeHATHCA OT HYJA Ha BHyTpeHHell rparnumue cios fo £
B mpocTpaHcTBe cHapyku wiacTun. CpeflHee moxe, gelicTBywIIee HA
TOBePXHOCTHEIE 3apsansl, pasao E /2. Bor orgero B (8.18) cromr
MHORUTeNb Y/,

Bot mossee 06paTuTh BHUMAaHME HA TO, YTO, PACCYUTHIBAS BUp-
TyaJbHy® pafoTy, MH IPeAmOJIOKMIN, YTO 3apAN KOHZEHCATopa
HOCTOfHEH, UTO KOHIEHCATOP He ORI DIEKTpUYECKH CBA3aH C IpY-
UMY IpPeMeTaMH U IOJHHN 3apAl He MOT H3MEHATHCH.
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Due 84 Ilore y nosepzrocmu 1
npogodHuKa MEHREMCIL OMm Hyax 0o

Ey=0/ey, ro2da nepecenen caolt no-
8epIHOCMIH020 3apAda.

1 — npoeodawas naacmuna; 2 — caoil
nogepXHocmHoe0 3apada.

el E,

A Temeps mycTh MBI TMPEANONORAIH, YTO HPU BEPTYAibHBIX II€-
PeMeleHuAX KOHIeHcaTop IOiHeP;KIBATCA IPH IOCTOAHHOA Das-
HOCTH NMOTeHI[HAJO0B. Torga Ml JoJAkHb OBlJIK OBl B3ATDH

# BMecto (8.15) Mm Om uMenun
FAz= V?AC,

9T0 NPUBOAUT K CHJIe, PABHON 1O BeJmduHe TOMH, uro OLIIA moayIeHa
B ypasuenmu (8.15) (raxk kax V=(/C), HO ¢ NPOTHBOUOIOHHEIM
sHAKOM!

Koneuno, cuia, gedicTByOIIas Me)RAYy IJIacTHHAME KOHIEHCA-
TOpa, He MEHHeT CBOH 3HAK, KOTHA Mbl OTCOCMMHAEM KOHIEHCATOD OT
HCTOYHMKA dIeKTpumuaecTsa. HpoMe TOro, MH 3HaeM, 9TO [Be miac-
THHBI ¢ PASHOMMEHHEIMYU BICKTPUUCCKUMI 34 PAAAME TOJYKHK IPH-
tAruBaTbes. Ilpuanun BupTyasbHOH paboTel BO BTOPOM clyJae ORI
OPUMEHEH HENPABHJILHO, MH HE NPHHANYN BO BHHMAHUE BHPTYAJb-
HYI0 pafoTry, MPOM3BONMMYI0 HCTOYHUKOM, 3apsIKAOUM KOHJEH-
carop. JTo BHATUT, UTO AJsA TOTrO, YTOOH yHep:KRaTs MOTeHIHAN NI
MOCTOSSHHOM 3HaYeHUH V| KOrja MeHAeTCA eMKOCTh, HCTOYHME DIeKT-
pruecTBa HOKeH cHaOpmrh Kompemncarop sapsmom VAC. Ho aror
3apAx mocrymaeT HpHW moreHnmale V, Tar d4ro paGora, BEIOOJHAe-
Masi YJIEeKTPUYeCKON cUCTeMOll, yIePsKUBATOLIell 3a psAJ| MOCTOSHHBIM,
pasaa V2AC. Mexamuueckasn paGora FAz nawoc ara alekTpudecKas
pabora VZAC eMmecTte npuBOAAT K MBMEHEHHUIO MOJHON DHEPIUH KOH-
mencaropa Ha !/,V2AC. Iosromy Ha MexaHHmYecKyw pafory, Kaw
7 mpessne, npuxommres FAz=—1, VEAC.
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§ 3. Juexmpoecmamuueckas anepeus UOHHO20
KPUCIAAAG

PaccMoTpuM Temeph MpHMEHEHHE MOHATHA 2IEKTPOCTATHUECKOR
9Hepruu B aToMHOA ¢usure. Ml He MomeMm 3ampocTo H3MepsiTh
CIUTH, NeHCTBYIOIIME MERAYy aToMaMm, HO 9Yacre Hac HHTepecyer
pasHHOA B 9YHEpPrusaX [BYX paccTaHOBOK aroMoB (K HpuMepy,
SHEPIHs XWMHYeCKMX H3MeHeHui). Tak Kak aTOMHBE CHJb B
OCHOBE cBOell — 9T0 CHJIB BJEKTPHUIECKHME, TO U XWMHWUECKas
3HePrusA B IIaBHOU CcBOEH vYacT# — HTO IPOCTO dIEKTPOCTATHUE-
CKafA DHeprusdl.

PacemorpuM, mampuMep, 9JIeKTPOCTATAIECKYI0 DHEPrUI0 HOHHOI
pemerku. Monnnit Kpuerami, taxoii, kar NaCl, cocrour u3 momxo-
JKUTEJIbHKIX ¥ OTPUIATEIbHHX HOHOB, KOTODhie MOKHO CYHTATh
smecTuMu cepamu. OHM DJeKTPUICCRH MPUTATHUBAIOTCA, IOKA He
CONPUKOCHYTCSA; 3aTeM BCTYMaeT B Jlei0 cmia OTTaJKUBaHHA, KOTO-
pas GeicTpo BO3pacTaeT, ecly Mbl monbiTaeMcA cOIUSHTL UX TecHee.

Ilast mepponavasbHOro npEGAMKeHAA BOOOpasuM cebe COBOKYD-
HOCTD KECTREX c(ep, MPEMCTABIAIOIMUX aTOME B KPHCTaJIe COJH.
Crpoenne Tarofl pemersm OHIO OmpeReleHO ¢ MOMOLIbI RuPpak-
1UH pPeHTreHOBCKUX JAydeil. Jra pemerka Kybudyeckas -— uTo-TO
Bpoge Tpexmeproil maxMaTHoll gocku. CedeHme ee mzo0paKeHO Ha
¢ur. 8.5. Ilpomeskyrok Mesrny monamu 2,81 A (mim 2,81-1078 em).

Ecam mame npepcrasiaenue o cucTeMe NPaBUIbHO, MBI [ 0JAKHE
yMeTh IPOBEPHTH €ro, 3agan caedYIONuil BOOpoc: CROABKO MOHAM0~
furcs smeprum, aTobn pazépocaTh 9TH MOHH, T. €. MOJIHOCTLIO pas-
HeluTh KPHCTAJA Ha MOHK? JTa DHEePrus AON;KHA OHITH paBHA Tem-
JI0Te MCHAPEHHA COJHM ILAI0C DHEPrud, TpedbyeMasd [is AUCCOUNALN
MOZeRyJa Ha moHH. [losmas smeprusi pasperxenns NaCl ma momm,
Kak ciexgyer ma omslta, pasHa 7,92 9¢ Ha Momexyay. lloabsysach

Due 8.5 IHonepeunui
paspes Kpucmaiaa coau €
Macuimabe  HeCKOALKUZ
amomos.

B dsyx nepnenOurysLpnuix
NAOCKOCTMU PUCYHKED CEUEHUAX
Gydem maroe e WAXMAMILOE
pacnoaodcenue uonoe Na u Cl
(cm. evin., 1, gue. 1.7).
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RoaPunmenToM mepesoa
1 96=1,602-10"9xn

II 9mcaoM ABOrajpo (KOJIH9IeCcTBO MOJIEKYJ B I'DaMM-MoOJEKyJe)

N,=6,02.10%,
MOYKHO HPeJCTaBUTh, SHEPTHI0 HMcHAPEHHs B BHJE
W =7,64.10° duc/moav.

Wsnolnennas efuHWna SHEPTUHM, KOTOPOH Monbaylorcd (mameo-
XUMAKY, — KuaoKagopus, pasaas 4190 doc; rak uro 1 96 HA MOTEKY-
1y — 3TO Bce paBHO 4TO 23 KKa4/moab. X UMUK cKazaa Obl IMOBTOMY,
uro oHeprua pumcconmaupm NaCl pasma

W =183 xraa/monv.

MoskeM a1\ MBI OXYTUTH ITY XEMHUICCKYI0 DHEPTUH TEOpPeTHIE-
CKH, HMOACYNTHIBAS, CKOJIbKO paborsl moHanoOuTes IiIA TOTO, 9T06 bl
pacnopomuth Kpucraan? ITo mameil Teopum oHa paBHa CyMMe IIO-
TeHIMAJBHEIX DHepruil BceX nap moHos. IIpome Bcero cocrasurh
cee npemcrapaenne o6 9ToH 9Heprum, BHIOPAB KaKOH-TO OMUH HOH
¥ OOJCUUTAR €r¢ MOTeHIMAJbHYO DHEPTHIO N0 OTHOIICHHIO KO BCEM
OpOUNM MOHAM. JTO JACT YHgoeHHyi0 IHEPTHI0 HA OJUH UOH, TOTOMY
9T0 3HEPrUsA MPUHATJIEIKUT napam 3apaAnos. Eciau HaMm Hy:KHA HED-
IO, cBsisaHHAfd € OFHMM KAKUM-TO HMOHOM, TO MBI JOJKHBI B3ATbH
noxycymMmy. Ho Ha camoM Jese HaM HY:KHA DHePTUA HZ MOACKYAY,
COflepsRaNIyIo BA WOHA, TAK 4TO BHYMCIAEMAas HAMHU CYyMMa IPAMO
JACT HAM DHEPrUI HA MOJEKYIY.

JHepPrus MOHA IT0 OTHOLIGHUIO K ero OamsKailllieMy cocely paBHa
—e%a, rae €= qi/4me,, a @ — TPOMEKYTOK ME:KAY IEHTPAME MO-
HOB. (Mu pacecMarpupaeM OJHOBAJIEHTHEIE MOREL.) JTa DHEPTHI PaB-
Ha —D,12 36; MBI y;ke BUIEM, 9TO OTBET MOJYYAEGTCH NIPABMABHOTO
nopsAxka BeamdmAL. Ho HaM emie mpelcTouT IOACIUTATH OeCKOHeU-
HHIH Psiji YICHOB.

Hagnem co cios;cenus sHepruili BCeX MOHOB, JiejKamuX DO mps-
Mmoit. Cuuran moH, orMedennsiit ma ¢ur. 8.5 smauxkom Na, Hamum
BHETeHHKM MOHOM, CIIEPBA PACCMOTPIM Te MOHBI, KOTOPHIE JIeHaT
Ha OfHOW ¢ HuM ropmsourany. TaMm ecTs fpa GumKafmMuUX K HeMy
MOHA XJ0Pa ¢ OTPHUIATeJbHKIME 3apANAMH, Ha paccTogHum @ oT Na
Ra;KABLL. 3areM UAYT /[BA MOJOKHTEJNbHBIX HMOHA Ha PACCTOSHUAX
2a m 1. 5. O6oznavas ary cymmy suepruit U;, Hamumem

U1=ﬁ<—%+%—‘§+—i‘+...)=

a

=_2ﬁ(1_%+%—%+...) : (8.19)

a

Pap cxommress MeflileHHO, TaK 4TO YHUCICGHHO €r0 ONEHUTH TPYZHO,
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HO M3BECTHO, 9T0 OH paseH In 2. 3maunr,
2 2 eﬂ
Uy=—=1n2=—1,386 . (8.20

Temeps mepefigem k Gnmnalimei fuHUYN, OPUMBIKAIONIEH cCBEPXY
Bamrkafimmii woH oTpEuaTeseH ¥ HaXOAWICA Ha pACCTOSHUH 4

3arteM CTOAT JBA MOJ O UTEIbHBIX HA paccmﬂnnﬂx]/2a. Crepyromas
napa — Ha paccrogunm )/ 5a, cnegyomas — ma )/ 10a u 1. x. Jlas
BCeil JUHWHU NOJy9aeTCHd PAL

o2 1 2 2 2
Ly U L LA 21
(vt ) ®

Tarux aunmi yemwpe: BhILle, HILKE, CIEePELH U C3aMH. 3aTeM HMe
FOTCA 9eThlpe TUHEHN, KOTOPHE ABASTCS ONKAAIUMY 110 JHaroHa:
JH, W T. 4. U T. .

Ecam Bu TepmesuBo mpouspefiere MOXCIETH JJiA BeeX JUHMIL ¥
3aTeM BCE CJAOKUTE, TO YBHUIUTE, UTO UTOT TaKOB:

U= —1,7475 .
a

910 umesno HemMHoro Gosbine TOro, 9T0 ObLT0 moayueno B (8.20) mus
mepBOil nuHum., YumTHBasg, urto ¢%/a=—>5,12 26, Mu momxyunm

U= —8,% ss.

Ham orser npubnusureasno ma 10% Goxsimre sKemmepuMenTasbHC
unabuogaemoii spaepruu. OH TOKA3KEBaAeT, YTO HAINE MPEICTABICHHC
0 TOM, YTO BCS PEHIETKA CKPEIISeTCs BIeKTPUICCKIMY KYIOHOBCKH-
MH CHJIAMH, B OCHOBE CBOEH mpaBiibHO. Mel BIIepBEIE TOAYURIH clIe-
nuduuecroe cBORNCTRO MAKPOCKONMYECKOTO BEIIECTRA M3 HAIIHX II0-
sHaHuil B aroMuoil ¢usmre. Co BpemeneM MH J006beMcs ropasjic
foxpmero. O6nacth Hayku, Hpobylouias NOHATH mMOBeLeHHe 00Jb-
HIMX MAace BemmecTBa Ha sI3HIKE 3aKOHOB aTOMHOIO MOBEJEHIs, Ha3bl-
Baercsa gusuxoii meepdozo mesa.

A rax e ¢ ommbroii B mamux pacderax? Ilowemy omm me mo
KoHIa BepHu? Mu He y4iu oTTajKuBanme Me;xAy MOHAMH Ha Giums-
KUX PaccTOAHMAX. JTO Belb HE CORBEPIICHHO jKecTKue cepsr, Taw
T, cOau3sich, oHu HeMHOTo cmaoiiusawores. Ho ouu He ouent
MATKHE ¥ CIIONIWBAIOTCA camylo uyToury. Bcee me rakas-to smep-
rug yXoXuT Ha 9Ty gedopManuo, 1 BOT, KOTHAa WOHL Pa3ieTaiTes
aTa dHEPTHA BHcBOOOMmaercs. JHeprusi, EOTOPAs HA cAMOM JIeJe
HY/KHa Jis T0ro, YTo0K pasBecTH BCe MOHEL BP03b, YYTh MEHBIIE
TOd, KOTOPYI0 MBI BEIYUCIMIM; OTTAIKHBAHAC IIOMOTaeT MPeOTOIeTE
3TeKTPOCTATHIECKOE MIPUTHKCHHEE.

A ecTh 1Y BOBMOKHOCTH KAK-TO IPUKHEHYTH OJAI0 3TOrO OTTAJ-
xusaHusa? [la, ecorm Mbl 3HAeM 3aKOH CMABI OTTATKHBaHWA. Mul eme
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HE yMeeM IOKa aHANMU3WPOBATDH MeTAJIH MEeXaHM3MAa OTTAXLKHMBAHNA,
HO HEKOTOpOE MPeJCTaBJIeHMe 0 eI0 XaPaKTePHCTHKAX MEl MOKEM
OOJNIy4NUTh H3 MaKpocKoumIecKux mnaMepemnmit. Mamepssa cacumae-
MOCMb KRPHCTANLTA KAK I[eIO0I0, MOKHG MOJYINTh KOIWYECTBEHHOC
IpeJcTaBIeHNe O 3aKOHE OTTATKUBAHWA MEXRAY HOHAMH, a O0TCIo-
ma — o ero BKJIaje B dHepruwo. Taxmm myrem Obio obHApy:meno,
YTO BKJAAJ 9TOT TONsKEH coctaiasth 1/9,4 vacTh BRaaza oT saekTpo-
CTAaTHYECKOr'0 NPUTHKeHHS U HMeThb, ecTeCTEeHHO, NPOTHBOMOIOK-
Bilil 3gak. Ecian sTor BRIag MBI BHITEM U3 WHCTO JJAEKTPOCTATHYE-
cxoil 9HEPTHUH, TO WOJYIUM 75T DHE PIHM TECCOUHAIUM HA MOJGRYILY
gucao 7,99 ss. 1o HaMHOTO Game K HAOMIOZAeMOMY pe3VibTary
7,92 28, HO Bce eme He HaXOJUTCH B COBEPUICHHOM cornacum. Kerb
eiie 0fHa Belb, KOTOPYIO MBI He Y9JIM: MBI He ceJann HuKakux Jo-
OymeENH o KWHeTUYecKoll sHepruu Kodebamuii kpucrasnaa. Eca
cZeJaTh MOMPABKY HA 3TOT 3QQeKT, TO CPA3Y BOSHHKHET 09EHb X0PO-
llee cOrJacue ¢ DKCUEePUMEHTAJZBHON BEIWYUHOW. SHAUWT, HAIN
MpejCTaBIeHA NPaBUILHEL: [JIABHHI BRIA] B 9HEPIU0 KPUCTAJIA,
rakoro, kak NaCl, spisercs 2AeKTPOCTATHYECKHM.

§ 4. daexmpocmaiuueckas svepeus A0pa

OfparuMcs Temeps K JPYroMy HPHEMEPY BIEKTPOCTATHIECKOIT
DHEPrUM B aTOMHOH Qu3ure — K DIEKTPOCTATUIECKOH DHEpPrum
aromuoro aapa. [lpemme uem saHATHCA HTUM BONPOCOM, MBI JOAHKHEL
paccMoOTpPeTh HEKOTOPHE CBOHCTBA TeX OCHOBHBIX CH (HASHBAEGMBIX
ANePHEIMU CHJIaMU), KOTOPble CKPeImIAIT MeKILY co00if IPOTOHBI H
HellTporsl B sixpe. [lepBoe BpeMss mociie OTRPHITUA AQEDP — W MPO-
TOHOB ¢ HellTpOHAMHE, KOTOPHE WX COCTABIAIOT, — HAMEAINCh, UTO
3aKOH CUABHON, HedNeKTPUUecKol HacTH CWMABI, AelcTBylomed, Ha-
npuMep, MeKAY ONHWM NPOTOHOM W IPYruM, OymeT mMeTs Kakoil-
HuOyR 6 TpOCTON BuA, HONXOGHN, cKaskeM, 3aKOHY 00pATHHRX KBaf-
paros B daeKrpudecTse. Ecam Ou yRATOCH ONPEIEIUTH ITOT 3AKOH
CHJI ¥, KpOMe TOTO, CWJ, NEeHCTRYIOMUX MeMKIYy NPOTOHOM W HeHT-
POHOM ¥ MEKAY HeHTPOHOM M HEHTPOHOM, TO TOIA MOKHO OBLIO OB
TEOPeTHYECKH ONHMCAaTh BCe HoOBejeliyie dTUX YacTHi, B AApax.
Tlosromy mavasa passopaumBaThbCd GOJIBMIAA MPOrpaMMa W3YyTeHHS
pacceaBns HPOTOHOB B HANEKIE OTHICKATH 3aKOH CWI, JAelcTBYIO-
X MeK[Yy HAMH; HO Tocjae TPHANATHIeTHUX YCUIM HUYIero mpo-
croro He BosHurio. Haroumica 3aMerHBIH 6arak sHaHuUil 0 cwiax,
HefcTBYIOMUX MEKIy IPOTOHOM U ITPOTOHOM, HO OpH 9TOM 00HApY-
SRIIOCH, UTO ATH CWJIBI CJIOKHE HACTOJNBKO, HACKOJIBKO BO3MOMKHO
cebe IperCTABUTH.

Ilopg cnoBaMu «cIoKHEBI HACTOABKO, HACKOJDBKO BO3MOKHO» MH
MOHEMAEM, 9TO CHJIE 3aBUCAT OT BeeX BeJIWYHH, OT KAKHX OHH MOLJIN
On 3aBmCeTE.

Bo-nepsux, cmna me mpocrag (QYHKIHA pPacCTOAHHA MEKIY
nporopamu. Ha GoapimX pacCcTOSHUAX CYMECTBYyeT LPHTSIKEHHe,
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@ @ @ D u2 8.6. Cuasa ssaumodeticm-

eus 03yx npomoHo8 Bsasgucum om
BCET MBICAUMBLL napamempoes.

1A MEHBITMX — OTTAJIKHBA-

HEE. 3aBUCUMOCTH OT pac-

d e ____ CTOSIHYISI — 9TO  HEKOoTOpasd

ST Y o “~d caokHas QYHRIHA, Bee eme

Q @ He 09eHb XOPOIIO U3BECTHAA.

Bo-Bropmix, cmia 3aBu-

CHT OT OPHEHTANMH CHOUHA

NpPOTOHOB. ¥ TPOTOHOB €CTh COWH, 4 [ABA B3aUMOeicTBYHMUX

IPOTOHA MOTYT BpAmaThca Aubo B OMHOM W TOM ke, aubo B mpo-

TUBOHNONO/RHBIX Hampasmerusax. M cuma, Korga cOowHEE Tapad-

JEeJBHE, OTAWIAETCA OT TOTO, 9To GHIBAET, KOTAA COUHBI AHTUIA-

pasensust (dur. 8.6, ¢ u 6). Pasmuna senura; npeHeGpedp e
HEJb3st,

B-rperbux, cmia 3aMeTHO HBMEHSETCH, CMOTDPS IO TOMY, Ra-
paddeder, UM HET IPOMERYTOK MEXAY IPOTOHAMHU WX CITMHAM
(Pur. 8.6, 6 u 2) mau xe oH UM neprnendukyaaper (Pur. 8.6, a u 6).

B-uerBeprhiX, cuina, KaK W B MATHETH3ME, 3ABUCHT (H JasKe 3HA-
YHTEIbHO CHIbHES) 0T CKopocTH npoToHos. U vta cropocTHas sasu-
CHMOCTD CHJIBL OTHIOHH He PedATHBUCTCEHHA a3dderTt; oHa Berukra na-
Jke Torda, KOTRAa CKOPoCTH HAMHOTO MEHbBIIe CKOPOCTH cBeTa. Bo-
Jiee TOro, 9T 9aCTh CHIB 38BUCHT, KPOME BEIUIUHbl CKOPOCTH, M OT
npyrux pemeli. CKajxeM, KOT[a OPOTOH ABU/RETCS HeBOAJEKe OT
APYroro IPOTOHA, CHIA MEHAETCH OT TOro, COBIAajaer au opbu-
TA1bHOE [BHCHUE TI0 HAOPABIEGHUIO CO CHOHHOBBIM BPAICHHCM
(¢pur. 8.6, 0), maum 3TH ABA HAmpaBIeHUA MPOTHBOTCIOKHEL ((ur.
8.6. ¢). ITO TO, YTO HA3BIBAELTCA «COMH-OPOUTAIBHOIY YACTHIO CHIHL.

He 1 meuninefl cremenu ciompslil Xapakrep ¥MEIOT CUJIR B3a-
mMogelicTBHA HIPOTOHA ¢ HeilTpoHOM U HeiiTpoma ¢ Heifrponom. o
cero AHs MH He 3HAeM MeXaHU3Ma, OmPefeldionero 5TH CHJIH, He
3HAEM HUKAKOTO HPOCTOTO cmocofa WX HMOHATH.

Bopouem, B 0JlHOM Ba;KHOM OTHOUIEHUH sTAePHBEE CHIBL BCE JKe
npowe, yeM Moriu Gsl GeITh. Adeprbie CHIB, NEHCTBYIONLTE MEMHKILY
IBYMsi HefiTpOHAMU, COBHOAJAIOT ¢ CHIAME, HEHCTBYIOIIHMHE MEKIY
IIPOTOHOM ¥ HeHTPOHOM, U C CHJIAMH, JeHCTBYIOIUMY MEKAY ABYMSI
uporonamu! Eciy B HeroTopoil cucreMe, B KoTOPOil EMeIOTCA sijIpa,
MBI 3aMeHNM HeHTPOH nmpoToHOM ( HaoGopor), To adepuuie é3aumo-
Oeticmeuss BHe msmemsrca! «DympmamMentanbHAs NPUIWHAY JTOTO
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10,61
D uz 87. Fnepeemuuecue ypoenu 0,25 10.32

10,08
sdep B y Gl (snepeuu ¢ Mas). 9,87 ;,,‘7_,—-:9&9_2_—_:‘
Ochosnoe cocmoarue Gl wa 1,982 Moe 9.9 _9.28
eviue, weM MO Jice cocmoanue B, 3 =g 9 ] 8.98 i
857 P 1 A
799 810
7.30 2.0
576 69 | 590
635-649 |

PaBeHcTBA HAM He H3BECTHA,
HO 3T0 HOPOABIEHHE BARHOTO 503
OPHHOWIOA, KOTOPHIH MOoKeT 4,46
ObITH pacliMpeH HA BaKOHH
BzauMoJeHcTBUA HPYTUX CHIb-
HO B3auMMOJEHCTBYIOIAX Ya-
CTHI, TaKHX, KaK [-Me30Hb! 214
U «CTPAHHBEIEY YACTHIHL. ' | 200
dror (arT mpeKpacHO ui-
JI0CTPUPYETCH pacmoiore-
HWeM YPOBRHeH dHepIruu B HO-
XORUX Ajxpax. PaccMmorpum ' :
rakoe sAppo, wak B!l (Gop- B \7,952 ot
OJWHHANATD), COCTOsAINee U3
ISITH IPOTOHOB W TIECTH HelT-
pouoB. B sape sTw ogmHEHAIIATE FACTHI B3aUMOLEHCTBYIOT APYT C
IPYyTOM, coBeplIiasi KaKoH-To 3aMBIcaOBaTHil Tanen. Ho cymectBy-
€T TAaKOoe coYeTaHWe BCeX BO3MOKHHX B3aUMOJENCTBUH, KOTO-
poe obmajgaeT sHepTHell, HAMHMUIIIEH W3 BO3MOMKHEIX; 3TO HOPMAaJb-
HOe COCTOAHUE AAPa, W eT0 HABEIBAIOT OCHOGHLIM. Ecnu ATPO BO3MY-
TUTE (CKAasKeM, CTYKHYB II0 HEMY BBICOKOHE PTUTHHIM IIPOTOHOM HIH
emre KaKkoi-To TaeTuneii), To 0Ho MoskeT nepeiita B 110606 YUCIO APY-
ruX KOHQUrypanmmii, HABHLIBAGMEIX G030YnHCOCHHBIMU COCIOSHUAMU,
Kask0e U3 KOTOPHX Oyrer obGxajgarth cBoell XapaKTepPHCTHYECKOIL
HePTHell, KOTOpas BHIIIE JHEPTHH OCHOBHOTO cocTosnusa. B mccme-
AOBAHUSX IO AAepHOI PU3UKe, CKAKEM NPOBORUMEIX ¢ TeHEPATOPOM
Bas-pe-I'paada, sweprum m apyrue csoiictsa 3THX BO30YKIEHHHX
COCTOSHUI OmpefedsioTcsd DHKCOepPUMEHTANBHO. JHEPImu NATHAMI-
OATH HAMHMBIOWX W3 M3BECTHHIX BO30OymIeHHHIX coctosHmii B!l
TIOKA3aHbl HA OJHOMepHOH cxeMe B JeBoi monosune pur. 8.7. 'opu-
30HTAIbL BHE3Y NPEICTABIsAET OcHOBHOE cocrosinue. [lepsoe BosOyx-
HeHHOe cocTosHMe uMeeT sHepruio Ha 2,14 Mos Bunime, 1eM ocHOB-
Hoe, caefywomee — Ha 4,46 Mae peime, yeM ocHOBHOe, u T. 1. Mccae-
FOBATENH NEITAIOTCA HARTH 00BsicHeHNE 9TON JOBOIBHO 3auyTaHH0ix’1
KapTHHH YPOBHeH 9HepPIUH; NOKa, ONHAK O, HET elle HOJHOM 06u1en
TeODHH TAKUX fAREePHHX yPOBHell SHepPruu.
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Ecaun B B! 3aMeHNTH OMH U3 HEHTPOHOB HPOTOHOM, TOJyIUTCH
Anpo usorona yriaepopa C'l, JHepruu IMeCTHAANATH HUIMIUX BO3-
OymuennsX cocrosiumil Axpa Cl! rose ObiIM M3MEPEHH!; OHM IOKA-
sappl HA gur. 8.7 cupasa. (llTpuxamMu nposelieRsl yPOBHM, JJIA KO-
TOPHIX AKCIE PUMEHTAIbHAS WHPOPMAIUA HAXOUTCA N0, BOHPOCOM. )

Tasapsa va $ur. 8.7, MB 3aMedaeM HOPABUTENBHOE HON0OUE Mesk-
1y KapTuHAMH ypOBHeI sHepruy oGoux axep. Ilepssie Bo3Oyxaen-
HBIC COCTOSHUsA HAXOAATCA mpumMepHO HA 2 M9s BHIIE OCHOBHOTO.
3areM mMeercs MIHPOKAsA iendb mupmHOi 2,3 Mae, ormenstonias
BTOpOoe BO30YIKIEHHOE COCTOSTHHE OT HepPBOro, s3areM HeloJbINoil
cragor ma 0,5 Mag go tpernero yposus. IloroM omats Goabmiof
CKA4OK OT YeTBEPTOTO O IATOTO0 YPOBHA, HO MEKAY HATHM U Uie-
cTHM y3Emit mpomeskytok B 0,1 Mas. VI 1ax manee. [Ipumepmo mHa
JecATOM YyPOBHE COOTBETCTBHE, BUAMMO, IIPOIAKAET, HO €ro BCE elle
MOMHO OOHADY/KHTH, €CIHNM IOMETHTh YPOBHM ADPYTHMH Xapakre-
PUCTHKAMH, CKajKeM HX MOMEHTAMH KOJIWYEeCTBA [ABWKeHHUA, H
TeM, KakiM crocoGoM OHU TepsoT CBOH H3GHITOK SHEePTHH.

Bnoegatismomee momo6ue waprmusl ypopHell sHeprum samep B!t
u C — ormions He mMpocto coBmamenue. OHO CHpHIBaeT 3a coboii
HeKoTOpsI# ¢QusmyeckHd saxon. M meilfcTBWTeabHO, OHO IOKA3HI-
BAET, 9TO JAsKe B CIOKHHX YCIOBUAX fAJAPa 3aMeHA HelTpoHa mpo-
TOHOM MaJIO IT0 UBMEHUT. ITO MOKET BHAYUTH JUIIb TO, 9T0 HEATPOH-
HEeATPOHHBIe W MPOTOH-IPOTOHHKE CHIEL JOJKHEL GHTb IIOYTH OfM-
HAKOBHMU. TOJBKO TOTHA MBI MOTJIM OB ORHAATH, ITO AXEPHDIE
KomUIypanun M3 HATH HPOTOHOB M IIECTH HEHATPOHOB COBHAaiyT
¢ KoMOMHAIuel «OATh HEUTPOHOB — IIECTH MPOTOHOBY.

3aMerbTe, YTO CBOIiCTBA DTUX AMEP HWIETO HEe TOBOPAT HAM O
HEHTPOH-TPOTOHHKX CHJIAX; UNCJIO HeHTPOH-HPOTOHHHIX KOMOWHA-
nmii 8 000UX AXPaxX ONWHAKROBO. Ho eciiy MH CPaBHEM JABA APYTHX
anpa, raxux, kak C* ¢ eTo mecrbo IPOTOHAMHE M BOCEMbIO HEHTpo-
gamu 1 N'*, B KOTOPOM M TexX, M APYIUX IO CEMH IUTYK, TO BEIABUM
B DHEPTETHYECKUX YPOBHAX TaKoe jRe cooTBeTcTBHe. MOsKHO BhIne-
CTH 3aKJI0YeHne, 970 p—pP~, B—HA- ¥ P—A-CHIbl COBOALIAI0OT MEKIY
co6oit Bo Bcex aeranax. B sakoHax AfepHHX CIJI BOZHUK HeOKUJaH-
BBl mpuHiun. XOTd CHIb, JelicTBYIO[UE MEEAY KaKIod mapoi
AAePHBIX JACTHI[, 0YeHDb BAImYyTAHHK, HO CHIB B3aUMOHEHCTBHA IiA
n0060# ¥3 Tpex MHICHAUMEIX Hmap OJHE U Te jKe.

OpnuaKo ecTh U Kakue-10 ciaadoie ormdus. To9HOoT 0 COOTBETCTBUA
YPOBHEH HeT; KpoMe Toro, ocHoBHOe coctostame Gl ofxagaer aGeo-
TOTHOR pHepTHelt (Maccoil), koropas Ha 1,982 Mse Bemie ocHOBHOTO
cocrosuust B, Bee mpoune yposHu T03%€ mo afCONIOTHOR BeandmHe
SHEePTHY BEHIIE HA TAaKoe jKe umucao. Tak 9To CHIH HE COBCEM TOYHO
paBEE. Ho MB 1 TAK XOPOIIO 3HAEM, UYTO ROAHASL BEIWINHA CUJ HE
COBCEM OJIMHAKOBA; MEKIY IBYMs IPOTOHAMHU IEHCTBYIOT d.1eKmp ute-
CKUe CHWIIBL, Belb KKK U3 HUX 3aPAKeH MOJOKHUTENBHO, & MERAY
HefiTponaMu raxkux cmi Het. Mosker ObITE, pasztnune MesREy Bt u C1
00BsacHAETCA TeM PAKTOM, UTO B 9THX ABYX CAYIAAX PABIUTHE HIEK-
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TPHYECKHE B3AUMONEHCTBIA IPOTOHOBY A MOYKET, M OCTAIOLLAACA MII-
HIMAJIbHAA DPABHMHA B YPOBHAX BHIBHBAETCH SJCKTPHICCREMHA (-
perramu? Paz ym agepmele cuAR TaK CHJIBHH N0 CPABHCHHIO C
3NeKTPUYECKUME, TO dJeKTpHIeckue dPPeRTsl Moram 6B TOIBKO
ClTerKa BOSMYTHTH DHEPTHH YpPOBHEIl.

Uro6s mpoBepuTh 9TO IpEACTABIEHUE WM, JY9Iie CKasark,
9T00bl BHACHUTH, K KAKNM CJIEICTBUAM OHO IpHBEleT, MH cHepna
paccMOTPUM PASHUIY B 9HEPIUAX OCHOBHHIX cocrostHuil ofonx sijep.
YroGer Mopeap GbLIa COBCeM HPOCTOIl, IMOJO;KUM, UTO SApAa — 3TO
mapsl pagmyca 7 (KOTOPHI HY;KHO OTPEIeIUTH), COREP KALIHC
Z upoToHoB. Ecam cumTaTh AAPO THAPOM ¢ PABHOMEPHO pacipeie-
JCAHKM 3aPAJOM, TO MO/KHO O/KHJIATH, WT0 NIEKTPOCTATIIECRAd
sHeprna [u3 ypasmenus (8.7)] oxaercA paBHoIL

_ 3 (Z2g,)® 9
U_§4neor ’ (8.22)
roe ¢, — dJeMeHTapHHIl 3apsag mporoHa. s-3a toro, 9To Z pasHo

rast B marw, a pusa C1' meerw, saeRTpocTaTHYECKHe 9HePTHH OY-
AYT PAa3aMYaTBCA.

Ho npu tTaxoM MasoM KoamdecTse HMPOTOHOB ypapHeHue (8.22)
He cosceM mpaBmibio. Ecam Mbl mogcautaeM 3jeRTPHIECKYO DHEP-
T B3aMMOJEICTBAA BeceX map MPOTOHOB, PAacCMATPHBAEMBIX Kak
TOYKY, IPAMEPHO OZHOPOJHO PACHOPEICICHHHIe 110 HIaPY, TO YBIIIM,
aro penugury Z° B (8.22) mpuperca sameHutb Ha Z(Z—1), TaK 410
sHeprug OyJer pasHA

32(Z—14q, 372@Z—1)e
U=2 )

5 4reor 5 r
Ecanm usBecred pajguyc sigpa r, MBl MOsKEM BOCIOJB30BATHCSA BRIPA-
sweEmeM (8.23), 9TOOB ompefejanTh PA3HUILY 5AeRTPOCTATHIECKITX
suepruii agep B! u C!'. Ho npopenaem oGparnoe: us Hab1opaemofi
PAa3HMIB B DHEPIUAX BHYMCIUM DAJMYC, CIUTAsL, 9TO BCSL CyU[e-
CTBYFOIIAS PABHUIA IO TPOMCXOKIEHHI0O — DJIEKTPOCTATHIECRAA.

B o6uiem ato He coBceM BepHo. Pasuoctb smepruit 1,982 Moae
IBYX ocHoBHHIX coerosgnuit B'' u Cl! praouaer sHeprum HOKOA,
T. e. sHepruu me? Beex wacrai. [epexons or B!t x G111, MBI 3amemntaen
HEHTPOH TPOTOHOM, MAacca KOTOPOTo 9yTh moMeHbiie. Tak dro
4acTh PA3HOCTH YHEPTMH — 3TO PABHHUNA B MACCAX MOKOA HEATPOHA
u upotona, cocrasiasomasn 0,784 Mas. Ta pasHocts, KOTOPYIO HALO
CPAaBHHBATH C 9JJEKTPOCTATHYECKOH 9HEpPrueil, TeM camsIM 00JbIIe
1,982 Mose; ona pasHA

1,9824-0,784=2,766 M 6.
Iopcrasun a1y suepruio B (8.23), nasi pagnmyca B mim C!! mo-

JIy9uM
r=2312.10"1 cy. (8.24)

Wmeer nm 970 wmeno Rakohi-umGynp cmuica? Urobm ato mpose-
PHUTH, CPABHUM ero0 ¢ APYTUME onpefiesleHHAMI PaJHyCcoB 3THX AREP.
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Hanpumep, MosKHO onpefieUTh Paguyc Axpa nHade, HAGIIOMAN, KAK
paccenBaeT OHO OnlcTpsie yactuisl. B xome sTux m3Mepenwii BhIfAc-
HUIOCh, UTO NAOMHOCMb BEImecTBA BO BceX AAPAX IIPUMEPHO ONU-
HAKOBA, T. €. UX 00BEME HPOMOPHHOHATLHH YUCIAY COMEPHKAIUXCS
B HuX "actun. Ecau gepe3 A 0603HAYATH YMCI0 MIPOTOHOB U HEHTPO-
HOB B sifpe (4MCIO0, OYeHH OIUBKO HPOIOPIUOHAJBLHOE ero Macce),
TO OR&3BIBAETCA, YTO PANUYC SAPA AAETCA BHIPAKCHUEM
r=A"%r,, (8.25)

rae

ro=1,2.10"13 ca, (8.26)
W3 srux waMepeHHWI MH HmoxyduM, 910 pagumyc sgpa B!l (mnm Cl1)
HodseH GHTh OPUMEPHO pPaBeH

r=(1,2-1071) (11)"e = 2,7. 10713 ca.

CpaBruB 570 ¢ BhIpaskeHmeM (8.24), MBI YBHAUM, 9TO HAIIH mpe.-
MOJIO;KEHUsT 00 BDIEKTPOCTATHIECCKOM HPOMCXOKICHUN PASHUIIH
B suepruax B! u C11 me croab HEBEepHH; PAacXORIEHNe e[BA JU J0-
cruraer 15% (a 510 He TAK YK CKBEpPHO AIs MEPBOTO pacyera mo
Teopun sAgpal).

IMpuuuna pacxoknenusi, Mo BCeH BEPOATHOCTH, COCTOUT B CJe-
aywomenM. CoracHo HAINEMY HHHEIIHEMY HOHHMAHUIO sAJep, 4eTHoe
ROMMYECTBO AfepHbIX dYacrtun (B ciaydae B! marp HefiTpoHOB ¢
OATHI0 WPOTOHAMm) 00paszyer CBOEFO Pofa 06040uky; KROTHA K 9TOL
o6oaouKe FoGABISIETCS €Mie OAHA YacTUI@A, TO BMECTO TOTO, 4T00H
MOTAOTHTHCH, OHA HAauwWHAeT o0panarscs BoKpPyr obosouru. Ecanm
3TO TAK, TO LA 100ABOYHOTO HPOTOHA HYIKHO B3ATH APYTroe 3HAUCHUE
BIEKTPoCTATHYEeCKOH sHeprun. Hy:kuHO caurarh, 4T0 M3GHTOK dHEp-
rum C!'! mag B! kar pas paseH

Z—1 o

4drigqa 197
T. €. PaBeH DHePruM, HeoOXOXUMON NI Toro, 4Tobnl cHAPY:RU 000-
JNO0YKHU DOSABWICS €mie OJWH HPOTOH. JTO 4UCIO COCTABIAET °/, Be-
JWYWEB, OpeflckasnBaeMoli ypaBHeHHeM (8.23), Tak d9TO HOBOE
smadenme pamuyca Gymer panuo °/4 or (8.24). OHO HAMHOTO NydIie
COTJIACYETCA ¢ TPAMBIMYU M3MEPEHHAMII.

Coraacwe B mudpax LpuBoguT K ABYM BeiBopam. Ilepewii: 3axo-
HEl DIERTPUYECTBA, BUAUMO, AefiCTBYIOT B HA CTOJAb MAJIEX PacCros-
Husx, kag 10713 e, Bmopoii. M1 y6eqmiuch B 3aMe4aTeIbHOM COB-
najgeHny — HEedNeKTPUYEeCKasA 9aCTh CHJI B3AUMOJEHCTBUA HPOTOHA
¢ OpPOTOHOM, HEHTPoHA ¢ HeATPoOHOM u IHPOTOHA ¢ HEITpOHOM
ONMHAKOBA.

§ 5. Suepeua 6 snexkmpocmamuueckomn noae

PaccMoTpuM Temepsb gpyrue CHoco6H HORCIETA DIEKTPOCTATHIOC-
Kofi sHeprum. Bee onu MoTyT GHTH HOJNYYEHH M3 OCHOBHOIO COOT-
nomennd (8.3) cyMmMupoBanueM (1o BceM HapaM) B3aMMHBIX DHePTUi
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KaKmol mapsl 3apAnoB. [lpeskie Bcero Mel XOTHM HAIMCATH BHPAKE=
HUEe JJIA 9HePTUM pacupepmeieHusa 3apamos. KHax obuuno, camraen,
970 KaxAHH sieMeHT obbeMa dV copepiruT B cefe pieMeHT sapamga
pdV. Torpa ypasmenne (8.3) sammiieTcss Tak:

1 1 2
U=+ (e0e@,y gy, (8.27)

2 4regrs

Bce npocr-

paHCTBO
O6pature BHUMaHme Ha mospieHme MHomurens '/,. OH BOBHEK
H3-32 TOTO, YTO B [ABoilHOM muTerpaie no dV, u wo dV, rakmgas mapa
8JIeMEHTOB 3apsja cuumranach gsampasl. (He cymecrsyer ynoGmoit
3AIHCH WHTErpajia, B KOTOPOH KayKmas Iapa CIuTaiach OB TOIBKO
o olHOMY paszy.) 3areM 3amerbTe, ITO HHTETpaJ 1o dV, B (8.27) —
9TO mPOCTO mOTeHIman B ToIke (1), T. e.

(av, 28-—o ),

2 hmegryg

Tak 9T0 (8.27) MOKHO 3amUCATH B BHIE

U=z feewar,.

A rax Kak Togka (2) mpHm 9TOM BBIIAJA, TO MOKHO HANKCATH IPOCTO
U=—;—S odV. (3.28)

JT0 ypaBHEHNE MOMHO HCTOAKOBATH TaK. lloTennuanpuas sHep-
rua sapana pdV paBHa HPOUBBECHHIO HTOTO 3apPAJA HA HOTEHLEA
B TO# ke rouke. Bea sHeprus mostoMy paBHAa mHTerpaly ot ¢pdV.
Ho, kpoMe atoro, ects MEosRUTENb 1/,. OH Bee eme HeobXogmmM, mo-
TOMY YTO DHEePIHN CUHTAIOTCA ABAKAH. D3auMHasg sHepPrus ABYX
34PANOB PABHA 3aPANY OFHOIO M3 HUX HA IOTEHIUAJ APYTOro B 3710t
tourke. Mau 3apAny APYyroro HA IOTEHIIMAJ OT HEPBOTO BO BTOPOLI
touke. Taw 970 mIa ABYX TOYEYHHX 3apPANOB MOKHO HAIHCATH

T . 93
U=qo(1)=q Tegrsy |
uau
- 2 =gq, -,
U=g¢,9(2)=q, iy,
Obparture BHmMaHME, 4TO DTO Ke MOYKHO HAIMCATh K TaK:

U=%‘[Q1(P(1)+92(P(2)]- (8.29)

Unrerpax B (8.28) orBeuaer CosKeHNI0 0GOUX clIaraeMbiX B CKOOKax

sarpaskenus (8.29). Bor sauzem HyseH MHOmurexb /.
HHaTepecen u Takoil BoOpoC: I7le PA3MEIIASTCA BIEKTPOCTATAIEC-

xas opeprua? IIpapga, MOKHO B 0TBET CIIPOCHTD: & He BCE Jii PABHO?
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Ects am cMpicn ¥ TakoTo sompoca? Eciu uMeerca mapa B3amMonei-
CTBYIOIIUX 3apsilOB, TO MX coUeTaHWe 00JIajaeT HEKOTODOHN dHep-
ruei. Heyskennm HYKHO HeHNPEeMEHHO YTOYHATH, UTO DHEPTHUA CO-
cpemoToueHa HA 3TOM 3apsme, MW HA TOM, miam Ha ofoux cpasy,
niam Me;Rny HuMu? Bcee 9T BOOPOCH! JUmIEHB CMBICIA, TOTOMY YTO
ME{ 3HAEM, 9TC HA CAMOM JIeie COXPAHACTCH TONBKO MOIHAL, CyMMap-
Basg sHepruA. IlpescraBieHHe O TOM, UTO SHEPTHSA COCPENOTOIEHA
20e-mo, He TAR YR HE0OXO0IuMO.

Hy a sce ke upenmonosum, YT0 B TOM, UTO DHEPTHUSA BCETHA CO-
CPENOTOYEHA B KAKOM-TO OHpEjeJeHHOM Mecte (HOMOBHO TEIOBOil
DHEPTUW), [REHCTBHTEIBHO cabica ecmb. Torma Mel Morau OBl HAm
TPHHIAN COXPAHEHUA DHEPTHY DACLUUPUMb, COETUHUB eT0 ¢ HAeeill
0 TOM, 9T0 €CIIM B KAKOM-TO 00beMe DHEPIHA MeHAeTCA, TO 3TO H3Me-
HEHHe MOMKHO yYecTb, HAOMogasd NPUTOK WINW OTTOK DHEPIUM U3
o6bevMa. Bel Beib mormMaere, 4TO Halle IePBOHATATbHOE YTRCPIKIe-
HIE O COXPAHCHWH SHEDPTHU TO-IPe)KHEMY OyIeT HpeBOCXOMHO BH-
MOJTHATHCSI, €CIM KAKAaA-TO DHePrus HpoHajeT B OLHOM MeECTe |
BOZHIKHET T7e-T0 JaJeKO B IPYIOM, & B IPOMEKYTKE MEKIY DTHMU
MECTaMII HH9ero He CAYIUTCHA (HWIero — 9T0 3HAYUT He CHYUHUTCH
rarux-nmubo ApineHU ocoforo poga). llosromy met Moskem mepeitrn
Temeph K PACHIMPEHUI0 HAIKX Wfell o coxpanenuu sHepruu. Hazo-
BeM STO paciidpeHne NPUHIWIOM 40KA4bH020 (MECTHOTO) COXpane-
Busa opepruu. Takoll mpuHUMOD KPOBO3TIAMmad OB, 9T0 DHEPIHA
BHYTPH #1000T0 HAHHOTO 00BeMa H3MEHSeTCA NUIb HA KOJHYECTBO,
paBHOe mpuTOKy (mau yOeliu) PHeprmum B 06beM (WK M3 HeEro).
W peiicrBUTEABHO, TAKOE JIOKAJbHOE COXPAHEHWE YHEPrHU BIIOIHE
B0O3MOHO. Ecam 210 TaK, TO B HaIeM pacHopsuxeHun Oyner Kyua
Gostee METANBHBIN 3aK0H, 9eM IIPOCTOE YTBEDIKAEHHE O COXPAHEHUN
monHoii srepruu. W, Kar 0Kka3sIBaercst, B I pUPOJe sHepaus Oelicmeu-
MEALHO COTPARACMCA AOKAABHO, 8 Kanc00M Mecme ROPO3Hb, U MOMRHO
Hammcars GopMyJisl, IIOKA3HBAMINUE, IEEe 3HEPIUA COCPENOTOYCHA
U Kak OHA Ieperexkaer ¢ Mecta HA MeCTo.

Vmeerca u gusuneckuii pe3oH B Tpe6OBaHNM, ITOOR MEL GBI B
COCTOSHUE YKa3aTh, TIe MMEHHO 3aKIoUeHa dHeprusa. llo reopmn
TATOTEHNS BCAKAS MACCA €CTh MCTOYHMK TPABMTANMOHHOIO NPUTH-
srernsi. A mo 3axony E=mc? MEL TAK;Ke 3HAEM, UYTO MACCA M DHEPrus
BIIOTHE PABHOUSHHH fpyT apyry. Cralo GBITh, BCSAKAsk SHEPIUs AB-
JAeTCst HCTOYHHMK OM ¢miibl TArorerws. W ecan 6 MB1 He MOTUIM y3HATD,
rpe HaX OouTCAa DHEprusd, Mbl Ol He MOIJIM 3HATH, IJie PACIIONOHCHA
Macca. Mer ge Moryiu 661 CKa3aTh, IJie Pa3MeIAIoTCA MCTOYHUKH O A
taroTennsa. W teopua tAToreHmA crasia O HEMOJIHOI.

Houneuno, eciy Msl OrpaHWMIUMCH IEKTPOCTATHKON, TO cmocoba
y3HATh, I/le COCPeoTOUYeHA 9HepTusa, y Hac Her. Ho nonnas cucrema
MAKCBEJAJIOBCKUX ypaBHEHWI dIeKTPOJMHAMUKA CHAGIUT Hac He-
¢paBHEAHO 0oJee 1MOAHOH mHPOPManuel (XOTA U TOIZIA, CTPOTO rOBO-
PA, OTBET [0 KOHI[a OmpeMejdeHubM He crader). ITompoGmee Mu oror
BOIIPOC PaccMOTPWM TO3:Ke. A celiuac npusepeM JWHIbL Pe3ybTart,
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@ ue 88 Kamdwil stenenm ’
06vema dV=dzdydz ¢ s.ermpuue-
ckom noae codepicum ¢ cebe sHep-
euto (gy/2) Ez2dV. E
dv
ity

Kacaloliyiics YaCTHOTO CAyaast DJAeKTPOCTATHRY. JHEPrUA 3aARIIGUCHA
B TOM HpPOCTPANCTBE, Ij¢ HMEETCI BJIeKTPHIeCKOe moie. JT0, BH-
IUMO, BIOTHEe PazyMHO, HOTOMY 4TO WM3BECTHO, U9TO, YCKOPSACH,
3aPAIE WBAYYAOT DIEKTPHUIECKe Moasi. I KoTma cBeT WiW Pajmo-
BOJHB PACHPOCTPAHAIOTCS OT TOYKHM K TOYKe, OHK HePeHOCsT ¢ CO-
Goif ceoro smepruo. Ho B o1ux BoxHax Her 3apsigos. Tar uro sHep-
IUi0 XOTenroch Ol pasMemiath TaM, THe eCThb 2IeKTPOMAaTHHTHOe
mone, a He TaM, I7AC eCTh 3apANH, CO3/anImue dTo moxe. TaruMm of-
pasoM, Ml OHHCHIBAEM DHEPIruUio He Ha s3HKe 3apALOB, a HA ABBIKe
cO3faraeMmX ¥MM moneli. JleACTBUTENbEO, MBI MOMeM MOKA3aTh,
q9T10 ypasHenue (8.28) uucsaenno COBHAJALT C

U:%SEE&C’ (3.30)

ATy POpMYIIY MORHO TOIKOBAThH, TOBOPS, UTO B TOM MECTe nopocTpaH-
cTBa, TI/Ae NPHCYTCTBYeT BIEKTPHUYECKOe IToJie, COCpeaoroYeHa u
PHEPTHA; RAOMHOcMb ee (KOTWIeCTRO DHEPIuH B efuHuIe ofbema)
paBHa
€ g E?
u=PEE="2 (8.31)

Idra upes uanocrpupyerca gur. 8.8.

YroGm mokaszars, uro ypasHenue (8.30) cormacyerca ¢ HAIIHMHA
3aKOHAMM DJIEKTPOCTATHKY, HAYHEM € TOrO, 9TO BBEHEM B YPaBHC-
HEe (8.28) cooTHOIIGHME MEKAY 0 M ¢, HOJYyIeHHOE B I, O:

p= —¢&V?p.
Honyunm

U=~%S¢meu (8.32)

Pacnmcas noKoMIIOHEHTHO HOoabldTerpajbH0oe BERpakeHue, MbI
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yBMﬂKM, qT0
oo =0 (5 T +ot) =5 (0a) () +5 (o5) —
— (Y42 (p2) — () = v (eve)—(ve)-(v0). (839

A Halll mHTErpas SHePruil TOTHA paBeH

U= wo)-(vmav—5 [ v-eve)av.

C momoursio teopemnl I'aycca Bropoft mHTerpai MOKHO IpeBpa-
TUTH B WHTErpaj MmO TOBePXHOCTH:

{ veveyar= { (¢ve)nda. (8.34)

00peM IIoBepPXHOCTD

ITOT MHTErPAT MBL MOJCUUTAEM JUIS TOTO CIydas, KOTHAA HOBEPX-
HOCTH IPOCTAPACTCA 0 GeCKOHeYHOCTH (TAK 9TO MHTETPaj Ho 06'r,e-
My 0fpamaeTcs B METETPAI II0 BCEMY TPOCTPAHCTBY), & BCE 3aPHIH
PACIION O3KeHE HA KOHEYHOM PACCTOAHWM APYr or apyra. Ilpome
BCETO HTO CeNaTh, B3AB MOBEPXHOCTH CEps OTPOMHOTO PAmUyCa
¢ MEHTPOM B Havaie KoopauuaT. Mur 3HaeM, 9TO Biajau OT RCeX 3aps-
nos ¢ uamensercsa Kak 1/R, a yo rax 1/R% (M gaske Guerpee, ecan
CyMMApHHIH 3apan Hyab.) llmomamgs ke momepxmocTm G0JBIIOH
chepsl pacter TONBKO Kak A2, Tak YTO MHTETPAJ 10 HOBEPXHOCTH
yObiBaer mo mepe Bozpacranusa pajgnyca chepsi kak (1/R)(1/R*)R?=
=(1/R). Urak, ecim Hame uHTEIPHPOBaBWe 3axBarur co0oil Bee
npoerparcTBo (R-»00), TO HOBEPXHOCTHHI wmHTerpaix ofparurcs
B HYIb, H MH OGHADYIKUM

v=2 | voyweyav=3 | E-Eav. (8.3

Bce: npocer- Bcee mpocrt-

PaHCTBO PaHCTBO
Mu BHOUM, UYTO CYyHECTBYeT BO3MOKHOCTB IpelCTAaBUTH IHEPIUio
IPpOU3BOJBHOI0 pacupenejaeHusas 3apAnos B BHJAe HHTErpaJga oT
IUIOTHOCTH 9HEPruH, OOGPGLIOTO‘IBHHOIZ B HoJe.

§ 6. Suepeusa moueunozo zapada

Hosoe coormomenme (8.35) roBopmt HaM, UTO MKEe y OTHENb-
HOTO TOYCYHOIO 3aPANA § HMEeTCA KAKAA-TO BIEKTPOCTATHIECKAS
sueprus. lloie B »10M ciiydae Jaercsa BEparKeHHEM

. _4q
E= 4rig,re?
TAK ITO IIOTHOCTh PHEPTUH HAa DPACCTOSTHMH I OT 3apsja paBHa
80E2_ q2
2 7 32mPgyrd ”
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3a snemenT o6beMa MOKHO mpumraTh chepuveckuil croi TonmuEOH
dr, mo ninowmwaau pasauiil 472 Iloanas sweprusa 6yger

w
g2 1 |r=w»

,S‘ 8ne, r2 ~:_~8neo—r_ r=o (8.36)
Bepxuuii npegen r=oo He npusogur ¥ 3arpynuexusiM. Ho pas
3apsaj] TOYEUHHH, TO MEL HAMEPEHH WHTEIPEPOBATH A0 CAMOTO HYyJs
(r=0), a 3ro osHayaer GECKOHEUHOCTb B WHTeIpaste. ¥ paBHEHHC
(8.35) yrsepmmaer, uTO B IOJE OJHOTO TOYETHOTO 3apsaja coAep-
JRUTCH GECKONEYHO MHOTO SHEePIUHU, XOTA HAYAIU MH C OPEICTABIe-
HHA O TOM, YTO DHEPrus WMEeTCS TONBKO Mevxdy TOUEeYHHMU 3apd-
mamu. B mamy mepsomadanbuyw (OpMY IS SHEPIWH COBOKYIHO-
‘CTHU TOYEYHKX 3apAfOB (8.3) MHl He BRINYNIN HUKAKOH DHEpPIUH
"B3amMofeicTBuA 3apsaga ¢ cammuM co6oii. Uro ke moroM cryunrocs?
A 1o, 9T0, mepexonsa B ypapHenuu (8.27) K HempepHIBHOMY pacmpe-
JCJeHW0 BapPAXOB, Mbl 3aCYMTHBAIHA B OOMIyI0 CyMMYy BaamMmojeii-
CTBHE BCAKOTO GeCKOHEUHO MQA1020 3aPSAAA €O BCeMH NPOIUMH GeCKOo-
HegHo - MarsMi-3apagamu. Tor sxe yder Bescsa u B ypasHennu (8.35),
TaK 970, KOTYA M HPHEMEHAEM €r0 K KOHEUHOMY TOYeUHOMY 3apsany,
MBI BRIFOTA6M B MHTEI DA 9HePTHIO, K 0TOpAs HOHAKOGHIACH OB, 4TO0b!
HAKONUTH STOT 3apaf u3 O0eckoHeyHOo Manwx dacreii. W neitctpu-
TEJABHO, BE MOTIU 3aMETUTh, YTO PE3YJIBTAT, CAENYIOMU U3 ypas-
wenus (8.36), mer Moriiu OB HONYYUTH TaKKe U3 BHpaskenus (8.11)
IIA SHEPIuM 3aPsS;KEHHOTO mapa, yCTPeMHB ero paguyc K HYIo.
Mol BBIHY;KIEHB ODPHATE K 3aKJII09EHUIO, 9TO IPEICTABIEHUE O
TOM, GyATO DHEPIIA COCPENOTOUEHA B 1ONe, He COTJIACYeTCs ¢ Ipefl-
HOJIOKEHNEeM O CyNIeCTBOBAHHMH TOYeYHBIX 3apsagos. Opmda nmyrthb
OpPeojoaeHuss 310l TPYIHOCTH — 3TO TOBOPUTH, 4TO IEMEHTAPHBIC
3apAAK (TaKme, KaKk STEeKTPOH) Ha CAMOM fejie BOBCe He TOYKH, & He-
fonbmue 3apAnOBEEe pacrpenenenns. Ho MO;KHO TOBOPHTH B 06paT-
HOE:! HeNpPABUIBHOCTH KODPEHHTCA B Haplell TEOPHH JJIEKTPHIECTBA
HA 0YEHDb MAJBIX DPACCTOSHWAX WX B HAOIEM OPEACTABICHHH O CO-
XPAHEHNWH SHEPIHN B KAKAOM Mecte moposdHb. Ho Kagag takas
TOYKA 3PEHHS BCE PABHO BCTPeYaercs ¢ 3arpyfdueHusmu. W ux pum-
ROTJ[A eme He YAABAJIOCh MPEeofoierh; CYIECTBYIOT OHH W IO Ceil
ners. Hemuoro mosse, Korjga Mbl HO3HAKOMHEMCA ¢ HEKOTOPHIME [0-
OOJHNUTEJI bHBIMHA HpeﬂCTaBHeHI/IHMI/I, TAKHMMH, KAK IMOYJIbLC 9JEKTPO-
MATHHUTHOTO IOJA, ME (omes HOApOGHO mMOroBOPHM 00 9THX OCHOB-

HEIX TPYAHOCTAX B HALIEM HOHAMAHUM IPUPOIEH.



Inasa 9

AJERTPHYECTBO B ATMCCOEPE

§ 1. I'paduenn saermnpuiecrozo
ROWMEHUUAE 6 amuocepe

B oObiuHBl AcHb Haj NTYCTHHHOI pasHHHOIL
I 1 Ha/l MOPEM 3JIeKTPUYIeCcKIil HOTeHIUAl IO Mepe
ITOTBEMA BO3PACTAET ¢ KA/KIBIM METPOM IIPIIMEPHO
ua 100 6. B Bo3nyxe umeercsi BePTHKAJIbHOE K T-
puueckoe moie E Bexmunnoit 100 ¢/m. 3mar mons
0TBEUAET OTPUIATEIBHOMY 3aPAAy 3EMHOI mOBepx-
HOCTH. ITO 03HAYAET, YTO HA YIMI[E IOTCHIUAT HA
yposre Bamero Hoca na 200 ¢ BHine, 9eM mOTEH-
puajg Ha yposue maTok! MoykHO, KomewHO, cpo-
cuth: «[logemy 6B He MOCTAaBUTE HAPY BIEKTPONOB
Ha BO3AyXe B MeTpe APYT OT APyra ¥ HE UCHONb30-
Bath 11 100 6 NIs DIeRTPHUECKOTO OCBEINEHUATY
A mMomuo n yauputbesa: «Ecam deiicmeumeasro
MEXKXYy MOUM HOCOM 7 MOell IATKOII uMeeTcs Hanps-
swenme 200 6, To moUeMy Ke MEHsS He ymapser 10-
KOM, KAK TONBKO f BBHIXOKY HA yamimy?»

Cmepsa orBeTdM HA BTOpPO# Bompoc. Bamie re-
J0 — JOBOJLHO Xopoimwil mpoBofHnK. Horma BH
CTOUTE HA 3eMIle, Bbl BMecTe ¢ HEl ofpasyere sk-
BHIIOTEHIUAJ bHYI0 MOBepPXHOCTE. OOHYHO HKBIU-
TLOTEHITHAN bHbIE MOBEPXHOCTH HaPAIIeabHEL 3eMIe
(¢ur. 9.1, a), HO ROT[a HA 3eMJIe OKA3HIBAETECH BHI,
TO OHU CMEIHAIOTCA, ¥ TOJie HAYWHACT BHITIAJCTH
mpUMEpHO TaR, Kak mokKazaHo Ha ¢ur. 9.1, 6.
Tar 910 Pa3HOCTD MOTEHIHUAIOB MOHKIY Bameil Ma-
RyImKO# M mATKaMu mnouTu papHa Hymio. C zemui
HA Baliy TOAOBY HMepeXONAT 3apAAh W H3MEHAIOT
mojde BOKPYT Bac. Yacrh M3 HUX paspssKaeTcs
HOHAMH BO3yXa, HO HOHHBI TOK 0YeHb MAaJ, Belb
BO3MIyX MJIOXO0U MPOBOHUK.

Hax jxe usMcpurh TaKoe IO, Pa3 OHO HCKa-
JRAaeTCA OT BCEro, 9To B Hero momagaer? Mmeercsa
HECKONBKO cmocobos. Opms crocol — pacmono-
JRUTH UBONMPOBAHHHIN HOPOBONHHK HA KAKOH-10
BHICOTE HAJ 3eMiell g He TPOTarh ero 0 TeX Iop,
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§1.T'pagnent
AKX TPHIECKOT 0
MOTeHIHAJA
B aTMoedepe

§2.Fxexrpuneckne
TOKH B aTMocdepe

§3.poncxoxpenne
TOKOB B aTMocdepe

§4.Tposnt
§5.Mexanuam
pasjgereHus

3apaAsos

§6.Moapnsa
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D w2 9.1. Pacnpedeaerue nomenyuaaa.
a — HAd® semaeli; 6 -— 0KOAO ULAOBERA, CMOAWE20 HA POSHOM Mecme.

IOKa OH He mpuo0pereT MOTEHIHUAA BO3gyxa. HCIH DOLOKIATD
LOBOJIBHO NOJICO, TO A&Ke NIPH 0YeHh Majoidl IPOBOAMMOCTH BO3-
oyxXa 3apsApnpl CTEKYT ¢ NPOBOAHWKA (WINM HATeKyT HA Hero),
YPaBUAB €r0 MOTEHIMAN ¢ IMOTeHIHANOM BO3J[yXa HA 9TOM ypOBHe.
Torma MB MOKeM OOyCTUTE €T0 K 3eMIIe W U3MepUTb M3MECHEHHe ero
noreanuana. Jpyroit foiee GHICTPHIT CHOCO6 — B KauecTBE IPOBO-
HHUKA B3ATL BeJepKO BOJBI, B KOTOPOM WMMeEETCsa HEeGONMBIIAS TeMbL.
Boitekas, BOja YHOCHT WBAWIIEK BapAfa, W BEXEPKO OHICTPO
npuofperaer MOTEHITHAT BO3AyXa. (3apANH, KaK BH 3HaeTe, pacrera-
I0TCA 00 MOBEDXHOCTH, 8 KAl BOTME — 3TO YXOAAMME (KYCKH I10-
eepxuocTmy.) IloTennuan Begpa MOMHO MBMEPHTD DIGKTPOMETDOM.

Nueeres eme cuocol npsaMoro usMepenns 2padueHma MoTeHITHa-
na. Pas cymecrsyer smexrpmueckoe mole, TO MOJKEH OHTH i
NOBEPXHOCTHEIA 3apaAn, Ha 3emile (0 = & E). Ecan Mp nomecrnm y mo-
BEPXHOCTH 36MJH IJIOCKYI0 METAIIMYECKYI0 INIACTUHKY A U 3a3eM-
JHM ee, T0 HA Hel IMOABATCA OTpUIAaTelbHble 3apsagsl (dur. 9.2, a).
Ecam sareM mpUKRDHTD NIACTHHKY JPYTo#l 3a3eMICHHON HMpoOBOAs-
el KPeIKOE B, TO 3apsjsl MOABATCA y:Ke Ha KpeimKe B, 8 Ha
mracruaKe A mcuaesnyr. Eciau MB msmepuM sapanm, neperexaronimii
¢ mNacTHHKY A Ha 3eMiio (CKa;KeM, ¢ MOMOINbI0 TAJTpBAHOMETPA B
MEend 3a3eMIAIOMEro IPOROJA) B TOT MOMEHT, KOra A 3aKpbiBaioT
KPHIIKOI, T0 Mbl HailfleM ITOTHOCTS MOBEPXHOCTHOIO 3apsAa, ObiB-
mero xa A, a 3HAYHT, W IERTPAYECKOC ITOIE,

Paccmorpes cmoco0sl usMepeHHA dIeKTPHYECKOro HOJAA B ar-
Mocdepe, TPOMOIIKUM Temepb ero ommcanume. VIBMEPeHHA IpesKne
BCEI'0 MOKA3HIBAIOT, 9TO ¢ YBEJUYCHHEM BEICOTH II0JIe IPOMOJLAiaeT
CyHIeCTBOBATD, TOINBKO CraHoBUTCA ciaabee. Ha BECoTe mpumepHo
50 kM molle yiKe ene-ele 3aMeTHO, TaX Ur0 GOJBIIAS 9ACTh M3MeHe-
HUA HoTeHnyuana (MHTErpasia or ) npuxofuTcs Ha MAJLE BEICOTH.
Bces pasEOCTh MOTEHIMATIOB MesK/Ly TOBEPXHOCTBIO 36MAH 1 BepPXOM
arMocgeps pasga mouru 400 000 6.
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Due 9.2. Basemaennan memasauneckas naa-
cmunke  obiadaem mem e TNOGEPTHOCHHYIM
sapadom, umo u semasn (a); ecAu nLACMUHEKG
NPpUKPHIMGA CceepLY 3ACMAEHHUM NPOSOOHUKOM,
Ha Hell sapada Hem (6).

§ 2. Guexmpuuecrue moru ¢ ammocgpepe

Tomumo rpagmenTa NOTEHIWATA, MOYKHO U3MEPATh H APYTYIO
penugmHy — TOK B arMocdepe. IlmorHoers ero Mana: yepes KaKIblil
KBaJpaTHHIl MeTp, mapajledbHEI 3eMHON MOBEPXHOCTH, IPOXOIAT
orxoao 1079% uxa. Bo3ayx, mo-BUAAMOMY, He WAeATBHEIH M30JATOD;
w3-34 DTOI HPOBOAMMOCTH OT Heba K 3eMile Bce BpeMs Teder caalbmil
TOK, BHI3HIBAEMBIH ONMCAHHBIM HAM¥ 3JeKTPUUYeCKHM [0JeM.

ITouemy armocepa umeer mposogumocts? Iloromy wro B Heit
CPeld MOJEKYJ] BO3MyXa IOMafaioTCsi WOHHI, HANPHUMEP, MOJEKYIHl
KHCJOPOIA, MOPOLi cHafKeHH e JUNIHAM DIeKTPOHOM, & HOPO nn-
LIEHHBIE OJ{HOTO U3 CBOMX. OTH HOHHE HE OCTAITCH OJUHOKMMH; Gra-
roflaps CBOEMY DJIEKTPUIECKOMY IIOJI0 OHM OGHYHO cofHpartor 6au3
ce0s gpyrue MOJeKyab. Haskaplil HOH TOTA CTAHOBHTCSA MajeHbKIM
KOMOYKOM, KOTODHI BMecre ¢ APYTHMH TAKUMH jKe KOMOYKAMHI
npeiifyer B moxe, MeaNeHHO ABUTasgch BBEPX WU BHM3, €O3[aBas
TOK, 0 KOTOPOM MBI TOBOpPUIIH.

Otryna e 6epyresa uonwn? Cumepsa MyMadHl, 9T0 WOHEL CO3JAET
panuoakTuBHoCcTh 3eMan. (BHIO M3BECTHO, YTO M3JAyUeHHe Paguo-
AKTUBHEIX BEOICCTB [JeIAET BO3IYX OPOBOMAMMM, HOHH3YA MOJNEKY-
As Bo3gyxa.) HacTuibl, BHXOQAMVE M3 aTOMHOIC ANpa, CKaKeM
B-nyum, gewryrca Tak 6BicTPO, ITO OHM BHPHIBAIT 3JEKTPOHHE Y
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aTOMOB, oCTaBIsfAA 3a co0oil moposkKRy M3 moHOB. Taxoil Ba3raaAgm,
KOHEYHO, IPeAmoJaraer, 9ro Ha OOJLIIHX BHCOTaX HOHU3AIHA
IOMKHA OEIA 6B CTAHOBHTHCH MEHBINE, MOTOMY 4YTO BCA PAafMOAK-
TUBHOCTb — BCE CIAemH pajusi, YPaHA, HATPAA ¥ T. I.— HAXOAUTCAH
B 36MHOHN WHLIH.

YrofE mPOBEPHUTH HTY TEOPUIO, PUBHKM MOTHUMAIHCH HA BO3-
IymMHBHX mapax n usmepsttu monmsanmio (Fece, B 1912 r.). Busc-
HIIOCh, UTO BCE TPOMCXOAWT KaK pa3 HaoHOpOT — moHm3alluf Ha
equuEnny obbema ¢ Beicoroil pacmem! (IIpubop Gsn moxox Ha m30-
6payxennsiii Ha gur. 9.3. llBe nacTHHL DePHOAMIECKH 3aPAKAINCH
o moreamnuaia V. Beregcreue npoBOAMMOCTH BO3J[yXa OHHU MeJLIeH-
HO Pa3pA/KAIHUCh; GBCTPOTA PABPSALKA H3MEPATACh DIEKTPOMETPOM. )
JTOT HEMOHATUK Peayabrar Gblil CAMBIM IMOTPACANTIAM OTKPLITHEM
Bo Beeil mcropum atMochepHOro duxerrpuuecrBa. OTKpHTHE 6BLIO
CTOJb BayRHO, YTO HOTPEGOBATO BEIAENCHHA HOBOM OTPACIH HAYKU —
dmsuEYM KocMmMYeCKuX Jaydeil. A camMo aTMOC(epHOe IEKTPHICCTRO
0CTATTOCH Cpexy ABIeHnil Menee yausuTeabHbx. Vorusanus, sunn-
MO, IIOPO/KIANACh 9eM-TO BHE 3eMJIM; HOMCKM 3TOr0 HE3eMHOIO HC-
TOYHHKA HPHUBEIN K OTKPHITHIO KOCMUYeCKHX Iydueil. Mer ne Gynem
ceffgac rOBOPUTH O HHX W TOABKO CKA/KEM, 9TO MMEHHO OHHI HOAmep-
RUBAIOT CHAG)KeHMe BO3nyXa MoHaMu. X OTS MOHH IOCTOAHHO YHO-
CATCSI, KOCMMYECKNe YACTHIH, BPHBAsACh U3 MHPOBOTO HPOCTPAH-
cTBa, TO M JeJ0 COTBOPAIOT HOBble HMOHBL.

Y1066l GHITH TOGHBIMI, MBI JOJKHE OTMETHTH, YTO, KPOME HOHOB,
COCTABJACHHBIX 113 MOJZEeKYJ, GHBa0T W Apyrue copra moHoB. Mems-
gajigine KOMOYRY IOYBH, HON00HO UPE3BEYANHO TOHKHEM JaCTHYKAM
OHUIW, WIABAKT B BO3yXe u sapsyraoorcd. VX mHOra HaspBaior
wagpammy. CKaskeM, KOraa B MOpe IUIETYTCA BOJHB, MeTKHe GPH3TH
B3NMeTaloT B BO3AYX. Korga Taxkas xamelbKa HCIAPHTCS, B BO3AYXe
ocraercs miIaBaTh MadeHbKmit Kpucraiiuk NaCl. 3ateM aru Kpuc-
TAJLITUKYA MOT'YT IPHUBJACYb K ceGe 3aps/ipl ¥ CTaTh HOHAMHA; X HA3H-
BAIOT «GOIBINEMY HOHAMEY.

MaJsise HOHH, T. €. Te, KOTODbIe CO3JAI0TCA KOCMUIECKIMU JyIa-
MU, CaMBle TojBIkHbe. V3-3a TOrO, 4TO OHM OYCHDL MAJHI, OHU OBICT-
PO IPOHOCATCA IO BO3AYXY, CO CKOPOCTHIO OKomo 1 cat/cex B mome
100 @/m, unm 1 6/cu. Bounpuine m TAMKENBE MOHB JBIKYTCA Kyna
memmennee. OKasmBaercs, 94T0 €CJIE «AEP» MHOTO, TO OHH HepexBa-
THBAIOT BapAZEl or Majunx moHoB. Torga, mocKoabry «Goabuime
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HOHE» JIBIKYTCA B TOJNe OYeHb MEIeHHO. O0Mast mPOBOJUMOCTE
yMenbmaercsa. oaroMy mpoBogmMocTh BO3JAyXa BechbMa mepeMet-
4IBa — OHA OUYeHH YYBCTBHTENBHA K er0 «3acopeHHocTi». Hapm cy-
nteil TOro «Copay MHOTO GOJXbIIe, YeM HaJ, MOPeM, BeTep IOIsMAaeT
¢ 3eMJIM OEUIH, J@a U 9elIOBEK TO/e BCAYeCKM 3aTPABHAET BO3IYX.
Her Bu4ero ygquBuTeIbHOT0 B TOM, 9TO JeHb OTO THA, OT MOMEHTA
1K MOMEHTY, OT OHOTO MeCTa K APYTOMY TIPOBOIHMOCTD GJIM3 3eMHOII
TIOBePXHOCTH BHAYUTENBHO MCHAETCA. JIERTPHIECKOE MOJIe B Kark-
oIl TOuKe Haf 3eMHOIl IOBePXHOCTHI0 TOME MEHSAETCH, MOTOMY UTO
TOK, TeKYINHIl CBePXY BHU3, B PA3HEIX MeCTaX HPUMEPHO OIMHAKOB,
a 13MCHEHWA HIPOBOAWMOCTH Y 3eMHOI HOBEPXHOCTH HPUROAAT K
BapuanuAM IOJA.

[IposoguMocts BO3myxa, BORHUKAIOMAs B peayabrare npeiida
HMOHOB, Tak:e OHCTPOo yBesmuuBaercs ¢ BeicoToll. IIpomexonur aro
1o JBYM OnpuduHaM. Bo-meperix, ¢ BHICOTOH PACTeT MOHMBAIINA BO3-
AyXa KOCMAYOCKUMHE Jy4amMu. Bo-BTOPEIX, IO Mepe HaJeHus ILIOT-
HOCTH BO3NyXa yBeIWIWBaercd CBOOOAHLII MpoDer MOHOB, TAK YTO
0 CTOTKHOBCHUA UM YHEAETCA HATLINC MPOUTH B BICKTPHIOCKOM I 0-
ne. B uwrore Ha BRHICOTE IPOBOAUMOCTE PE3KO HMOJCKAKUBAET.

Cama TMJIOTHOCTH DIEKTPUYECKOTO TORA B BO3JAYXE PaBHa BCEro
HECKOIBKUM MUKPOMHKpoOaMIiepaM Ha KBaJIpaTHBIH Merp, HO Bedb
Ha 3eMie 09eHb MHOTO TAKHMX KBAApPATHHX MeTpoB. Bech amexrtpu-
YeCKUIU TOK, MOCTUTAIOTHII 3eMHOIl TOBEPXHOCTH, PABEH IPHMEPHO
1800 a. 910t TOK, KOHEUHO, «IOJORUTETeHY — OH NEePeHOCHT K 3em-
ae nonoskurenbHnid 3apsf. Tawr uro moxyuaerca rox B 1800 a mpn
nanpsurenuu 400 000 ¢. Momuocts 700 Mem!

IIpn TakoM CHIIBHOM TOKE OTPHIATENBHEIN 3aPAN 3eMIn JOIEKeH
Oust GH BCKOpe ucuedHyTh. DarTHIecKn MOHAMOGHIOCH 6B TOABKO
0K0JI0 monydaca, 9ro6s pazpamuts Bcwo 3emiaio. Ho ¢ Mmomenrta o1-
KpHTHA B a1Mocfepe BIEKTPUIECKOro Moy MPOLLIO Kyfa GoibIie
nomygaca. Hax ke ono gepsxurcsa? UeM mojnepskuBaercst Hamps-
srenue? M mesgny uem u yem ouo? Ha ogaom saexrpojie 3emMud, a 94ro
na gpyroM? Taxux BOOPOCOB MHOGKECTBO.

3eMuia 3apsikeHa OTPUIATENBHO, & IOTEHIHAT B BO3AyXe MOXO-
smurene. Ha pocrarouno 6onbmoll BHCOTe HPOBORMMOCTb Tak
BEJNUKA, 9TO BEPOATHOCTh N3MEHEHNH HANPAyKEHUA 110 TOPHU3OHTANK
craHoBHTCs pPaBHOH Hynio. Bosayx mpu Tom Macmrade Bpemenu, o
KOTOPOM Ced9ac mier pedb, PAaKTHIECKH HpeBpaulaercsi B IPOBOJ-
HUK. OTO IPOUCXOMMT Ha BHICOTE O0K0MO0 50 kM. IT0O eme He TAK BhI-
COKO, KaK T0, 9T0 HA3KBAIOT «MOHOCHE] 0ii», TJe NMEETCsT OYeHD 60 b-
106 KOJIMYEeCTBO HOHOB, oGpasyeMuix 3a cder dorosPderta or cou-
Heunnx aydyeifl. Hna mamux meneli Mompo, 06Cy;Kpas cBOiCTBA
arMocdepHOro 3JIeKTpHYecTBA, CYMTATh, UYTO HA BHICOTE IPIMEPHO
50 kM BOBLYX CTAaHOBHUTCA [JOCTATOYHO TIPOBONANIM W TaAM CY-
HiecTByeT IPaKTUYeCKH MpPOBONANIAA cfepa, U3 KOTOPOH BHITEKAIOT
pan3 Tokm. llonoskenme pen mzobpameno ma dur. 9.4. Bompoc s
TOM, KaK AePHUTCA TaM mOJoskuTenNbHHI 3apapn. Hax om makaun-
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Togegpxrcems 3emnu

Baerca o6parHo? Pas oH CreKaer Ha SeMII0, TO JONKeHd :Ke OH
Kax-To mepexagmparhest ofparno? Jloaroe BpeMaA 310 GHIO ORHOM
W3 IJIaBHBIX 3a4rajflok arMocgepHoro dIeKTpHiecTBa.

Jlro6as nrdopmanus Ha 3TOT cHeT MOMKeT AAaTh KJII0Y K 3aTafike
WIE IO KpaiiHefi Mepe XOThb 4TO-1O0 co06WHUTHL o0 Heil. Bor ogHo
HHTEePECHOe ABJECHHE: eCIH MBI H3MepseM TOK (A OH, RaK Mbl 3HAaeM,
yerodumsee, YeM I'pajueHt HOTeHNMANA), CKaskeM HAX MODeM, U IPH
THIATEALHOM COONIOIEHNN TPEeROCTOPOsKEOCTell, O09eHb aKKypart-
HO BCe ycpenHseM m u3baBiseMcd OT BCAKUX OIUHOK, TO ML 00HA-
PY;KHBAEM, UTO OCTAIOTCA BCE YK€ KAKME-TO CYTOYHBIe BapUALMUH.
Cpegmee o MHOTHM W3MEPEHNAM HAJ| OKeaHAMM 061ajfaeT BpeMeH-
HOII Bapuanmeil TPEMEPHO TAKOl, Kakas moxasaHa Ha gur. 9.5. Tox
MeHseTcd npubamsmrenpHO HA $-15% m gocrnraer mauGoudb-
niero 3HAYCHMA B 7 4acOB BeUepa II0 JOHJAOHCKOMY Bpemenu. Camoe
CTpPaHHOE 3[eCh TO, 4T0, 20¢ 6bl 66l HU UMEPAAU TOK — B ATIaHTH-
deckoM i1 okeane, B TuxoM au unu B JIefoBUTOM, — €ro 4acH mHUK
fLBaOT TOrna, Korma vace B Jowdone morassisator 7 Beuepa! FHo-
BCIOAY BO BCeM Mupe TOK gocrturaer Mmaxcmmyma n 19.00 mo xompmon-
ckoMy BpeMeHu, a MmpEmMyMa — B 4.00 mo Tomy ke Bpemenu. Unn-
MH C€J10BaMM, TOK 3aBMCHT OT a0COMIOTHOTO 3€MHOI'0 BPEMEHH, a
He 0 MecmH020 BPerend B Touxe Habmogenus. B ofHOM oTHOIIeHIR
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BTO BCE Jie He TAaK YK CTPAHHO; 3TO BIIOJHE CXONHTCA ¢ HAIINM Ipef-
CTaBJI€HHEM O TOM, UYTO HA CAMOM BEepXY MMeeTcd OYeHb (ONBIIasi ro-
PHE3OHTAIBHAA HPOBOMUMOCTH, KOTOPAA K HCKIHYAET MECTHEIC H3Me-
HEHHsl PasHOCTH TMOTEHIMANOB MerROy Jdemieil m BepxoMm. Jlo6he
M3MGHEHNsI IOTEHIUANA NOMAHL OHTh BCCMHDHEIMU, W TAK OHO ¥
ectb. llrar, remeph MH 3HaeM, 4T0 HANPsIKEHHE (BBEPXY» C H3Me-
HeRHEeM afCONITHOTO 36MHOTO BPEMEHN TO IONBIMAETCA, TO HAIAeT
Ha 15%.

§ 3. IIpoucxoncdoenue mokros ¢ amanocghepe

Tenepb HY/KHO OTBETHTH HA BONPOC 00 HCTOYHHKe OOabImx
OTPUI[ATEILHBIX TOKOB, KOTOPHELE JOMKHE T€UH OT «BEPXa» K 3eMHOIL
mOBEpPXHOCTH, YTOOH HOAUepP:Kath ee OTpPHmarTedbHEH 3apax. I'ne
;e Te Oarapem, Koropeie a1o penawr? (Bartapes» MOKasaHa Ha
¢ur. 9.6. 9to rposa mnu BepHee MOAHUH. OKAZHIBACTCH, BCHBINKH
MOJHMII HE «pa3psyRanT» TOH PA3HOCTH HOTCHIIAAJI OB, O KOTOPOIT Mhl
roBopuiu (M Kak MOTI0 O Ha mepsHIl r3MiAR norasarses). MoiaHun
crabwcaiom 3eMii0 ompuyamesbHsy 3apanoM. Eciam MBI yBHgann
MOJHHIO, TO MO;KHO MOCHOPUTH HA HECATH HPOTHB OAHOrO0, UYTO OHA
OpHEBEIA HA 3eMII0 GOJNbIIoe KOTWIECTBO OTPHIATEIBHEX 3aPsALO0B.
Wmenno rposu sapssrawor 3emiao B cpegHeM ToroM B 1800 a saext-
prYecTna, KOTOpOe 3aTeM pasps:xaerca B palloHax ¢ xoponieil mo-
rofoil.

Ha 3emne kasrapie cyrru rpemur okosxo 300 rpos. VIx-to u Mmoin-
HO CYMTATH TeMH 0aTapesMu, KOTOPHE HAKAYWBAIOT DIEKTPUYECTRO
B BEpPXHNE CIOHM aTMocepsl U COXPAHSIOT PAaZHOCTh ITOTERIHMAJOB.
A rtemepp y9rure reorpaguio — HOJyJeHHEIe TPo3sl B bBpasumuu,
Tpommueckne — B AQpure u T. 7. YueHHe CHeNATH OIEHKH TOrO,
CKOIBKO MOJIHUI esReCeRYHAHO ObeT B 3eMII0; HYSRHO I TOBOPHTS,
YTO WX OlleHKH (ojee HIW MEHee COINACYITCSA € U3MePeHUAMHN
PA3HOCTH TOTEHIUATOB: ¢0Ilas CTelleHb I'PO30BOIl JeATeTbHOCTH
mocermraer Ha Bceil 3emse makcumyMa B 19.00 mo monpoHCKOMY Bpe-
Mmeru. OHAKO OIEHKHU I'PO3 0BOI AeATeABHOCTH AeIATh OUeHb TPYAHO,
CeNAHLL OHU OBLIM TOJBKO ROC.4E TOTO, RAK CTANO M3BECTHO, 9TO Ta-
KHe Bapuayuu JOJKHB CYIecrBoBaTh. TpymHOCTh 3akmiuaercs
B TOM, UTO B OKeaHAX, [[a U IOBCIOJY B MUpe He XBaraeT HAOMOIeHni,
X Mauo, 4To0b TOYHO yCTAHOBHTH YHCAO0 rpo3. Ho re yduensie, Ko-
TOPHIE TyMAalOT, 9T0 OHHU «BCE Y4/IN HPARWIBHOY, YBEPAOT, YTO MaK-
cuMyM neareabaocT npuxoaurcsa Ha 19.00 mo rpursmuckoMy cpex-
HEMY BPEMeHH. »

Yro6s monaTh, Kak paborarT 3TH Gatapem, moupobyeMm pasol-
parbea B rpose moray6re. Yro npomexonur BEyTpu Tpossr? Onmniem
rpo3y Tak, KaK ee ceffuac mpemcraBisaior. Korga Mo BHURAEM B He-
OGBIKHOBEHHOE sBJCHMEe HPUPORH (2 He B DTH CTOJIL M3SAMHO HAMH
pazobpannbnie HAeATbHEE ceph W3 HIeATHHHX IPOBOIHWUKOB, LO-
MemeHHHX BHYTPU ApPyrux cdep), MH OTKPHBAeM, ITO HE TaK YK
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Due 9.6, Mexanusm, cosdarowuil saexmpuueckoe noie ampocgepit.

MHOI'C 3HaeM. A 9TO BCe 0ueHb MHTepecHO. I'posza He ocramiser ve-
J0BEKA PABHOIYIUHLIM: OHA HYTaeT ero WM BOCXUINAET; B o0meM
BO36y:KIaeT B HeM KaKHWe-TO WyBCTBA. A TaM, The B OPUPOIe MOsB-
JAI0TCA YYBCTBA, OGHYHO CpPa3y BCILIKBAET M CIOMKHOCTH IIPHPOHH
U ee TAMHCTBEHHOCTh. Her HUKAKOH BOSMOMKHOCTH TOYHO OHMHCATD,
Kaxk IPOUCXOAUT I'PO3a, MEL MOKA Maxo o6 sroM snaeMm. Ho MH Bce
me monpofyeM HEMHOKKO pAaccKasars O TOM, 910 HPOHCXOXMT.

§ 4. I'vosne

Mpesge Bcero caexyer cxasarb, 4t0 0OHYHAS I'PO3a COCTOHT
n3 MHOKECTBA «AYEeK», TeCHO NPUMHKAKIMEUX IPyr K APYyry, HO
noutu HesapmenMutx. Ilosromy nocrarogHO HPOAHANTHSAPOBATD OfHY
n3 nux. [lopm «agelikoity Mel mogpasymesaeM obiacrh (EMeIMYIO B
TOPH3OHTANBHOM HANPABJICHHR OIPAHWYEHHYK) UPOTAHEHHOCTD),
B KOTOPOIl mpOMCXOMAT nce OCHOBHELe mpomecch. OOHYHO mMeeTCd
HECKOJNBKO AYEEeK, PACIOI0KEHANX OHA BO3Je APYIoH, a B KaKI0I
w3 HUX TBOPUTCH MPUMEPHO OJHO U TO Ke, PA3Be 9TO ¢ HCKOTOPHIM
cusuroM Bo Bpemenn. Ha ¢mr. 9.7 B umeanmsupoBaHHOM BHfE
IpefcTaBIeHa sAYeliKa B HAYATBHHI mepuop Iposu. OkasmBaercs,
4TO B BO3JIyXe B HEKOTOPOM MECTe H IPH HEKOTOPHX YCIOBHAX (MBI
X BCKOpPE ONHIIEM) CYMECTEyeT BOCXOAAmuil ToK, Bee Gonee yoB-
crpAmuiica mo Mepe mogseMa. Temnpiii # BIQKHAHL BO3AYX CHH3Y
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Due 9.8. Temnepamypa am-
Mocgepul.

a — cmamuueckas ammocgepa; b —
aduabamuuecroe oxaadxcleHue cYxozo
e0adyxa; ¢ — afuabamuuecroe oxagHc-
Bevue eaavicrozo eo3dyxa; d — eaadic-
Hull 8030YX € NAKOU-MO NPUMECHIO
oxpydcarowezo 6030Yxa.

Temnepamypa

Beicoma

IOBIMAeTCA, OCTHBAST I KOHgeHcupyer Baary. Ha pucyHre wpecru-
KU 03HAYAI0T CHEI', & TOYKU — MO;KAb, HO IMOCKOJIBKY BOCX OISl
TOR MOBOJIBHO BEJWR, & RANEJbKU OUeHBb MaNbl, TO HA BTOH CTAIHH
HU CHET, HH MO/KJb He BHIAJAIT. ITO HAYAJbHASA CTANUA, U LOKA
5TO ellg He HACTOANIAS TPO3a, B TOM CMEICJIe, 9TO BHU3Y BOOGUIE HE
BUOHO, YTOOH 9TOo-HUOYRh mpomcxofmio. 1o Mepe Toro kar reminii
BO3AYX IOABIMAETCSI BBEPX, B AYefiKy UPHUOHIBAET BO3AYX CO BCEX
cTOpOH (BEChMa BAKHOE 06CTOATeNbCTBO, KOTOPBLIM [OJTO IpeHes-
peranm). Tar aro mogriMaercs He TOTBKO TOT BO3AYX, KOTOPHI Ol
BHUBY, HO M KaKOe-TO KOJUIECTBO APYrOro BO3AYXa — C PasHBIX
CTOPOH.

Oruero Bo3gyx Bor Tak moprmMaercs? Hak BH 3Haere, HaBepxy
Bo3nyX upoxuaamHee. CoJHIE HarpeBaer no¥gy, a BOIAHOW map B
BEPXHHX CJI0AX arMocheph H3Iy4YaeT TEIJIO BBEPX; IOITOMY HA
GOJBUIIX BEICOTAX BO3XYX XOJOMHKI, 4 BHU3Y Teliniit. Boli Mosmere
crazarb: «Torga Bce ouens mpocro. Tennslll RO3AYX Jerue Xoixod-
HOT'0; I0DTOMY BCA 9Ta KOMOMHAIUs MEXAaHUYECKU HEyCToWuYuBa, u
TeIIbIT BO3AYX mOfHmMaercs». HomedHo, ecim TemMmeparypa Ha
Pa3HHIX BHCOTAX DPasHasg, TO BOBAYX Oelicmsumesvio mepmodu-
Hamuuecku HeycToigms. IlpemocraBieHuslil caMoMy cefe HAOITo,
BeCh BO3IYX HpUMeT OZUHAKOBYI0 TeMmeparypy. Ho om me mpego-
craBien caMoMy cefe; Bech fIeHS CBETHT CoJiHIe. Tak u4To mpobiena
Kacaercsi He TOJIBKO TEPMOIMHAMUYECKOTO, HO M MEXAHUHECKOZO0
paBrosecus. Ilycrs Mu Hageprunm, kax Ha fur. 9.8, KpuByIo 3aBI-
CHUMOCTY TEMIIEPATYPH BO3AyXa OT BHCOTH. B OGBIYHBIX yCIOBHsIX
noJyvaercs yGBIBaHME IO KPABOH THIA @; MO Mepe Mo beMa TeMme-
parypa magaer. Har ke atMocepa moker 6virh yeroifunsoir? Ilo-
geMy OB TEIIOMY BO3IYXY HPOCTO HE MOAHATHCA K XOJOTHOMY?
OTBer COCTOUT B TOM, UTO €CIM OB BO3MYX HAYAT HOTHUMATHCS, 10
JaBjleHne B HeM ymajo Ov, H, PACCMATPHBAas OLPEeICHHYI) IMOP-
U0 IMOJHMMAIONIErocA BO3NYXa, Mbl Obi yBmjelw, 9TO OHa amgmada-
Tuyeckn pacmupserca. (Temwone yXoamno0bt i3 Hee H He TPUX O O
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051, TOTOMY 9TO H3-3a OIPOMHBIX DPa3MepoOB He XBATHiO Obl Bpe-
MeHu s OoNBHINX Teperad remna.) Wrtak, mopums Bosgyxa mpu
nogseMe oxiajgurcs. Tako# apmabarmgeckmil nponece mpumsedl 6m
K TaXoil 3aBHCEMOCTH TeMIeparTypa — BHCOTA, KaK HOKAa3aHO KPUBOIT
b wa dur. 9.8. Jlw6oit BosHyx, mogEUMaOWUCA CHI3Y, OKA3aJcA OB
Zo400Hee, 9eM TO MeCTO, RyJa OH HATPABAACTCA. Taxr 94To TemsioMy
BO3AyXy CHU3Y HeT DPe30HA HATH BBepPX; eCjH OH OH BCILIHII, 10
OCTEUL GBI M CTAJ XONOfHee TOr'0 BO3IyXa, KOTOPHI yake TaM ecTb;
OH OKazallcs OH TAJReNee 9TOIO BO3AYXA, M eMy OH 3aX0Tea0Ch Cpa-
3y oOparHo BHm3. B xopommii, sicHHil JeHeK, KOTHa BIAKHOCTH
HeBelWKa, yCTaHABIUBAaeTcd KaKkas-1o ORICTPOTA MAJeHUA TeMmepa-
TypH € BBICOTO, W 3Ta OBICTpOTA, BOOOIIE IOROPA, HIKE «MAKCH-
MalBHOT'0 YCTOMYHMBOTO nepenaza», NOPeACTABIAEMOro KpuBoil b.
Bosgyx HaxoguTcs B YCTOHYMBOM MeXaHHIeCKOM pABHOBECHH.

Ho, ¢ mpyroit cropoHsl, ecix MB BO3bMeM BO3IYIIHYIO A4eliry,
COIeyRANTYI0 MHOIO BOAAHHX TAapOB, TO KpUBAafA ee aguabarudyec-
Koro oxnasyienus Oymer cosceM mgpyroi. Ilpm pacmvpenmu m ox-
JaKIeHNA 3TOU AYeHKW BORAHOH NMap HATHeT KOHJEHCHPOBATHCH,
a P KOHJEHCANWN BeITENsAeTcA Temno. 1loaToMy BIayKHBIA BO3MYX
OCTHIBAET He TAK CHIBHO, KAK CYXOH. HATUT, KOPZA BOAYX, BIAK-
HOCTH ROTOPOTO BHINIE CpefHEHl, HAaYHeT MOSHUMATHCH, €0 TeMme-
parypa 6yaer caemosaTh Kpusoil ¢ Ha fur. 9.8. Caerka oxma;kgascs
npHA NofbeMe, OH Bce ke OKayReTCA Teriee OKDPYRAOUIero ero Ha
aroll Brlcore Bo3myxa. Ecnm mmeercss o6nacth TemIOT0 BIA;RHOTO
BO3LYyX2a U OH JI09eMYy-TO HAUMHAET MOHUMATLCH, TO OH BCe BPeMs
Gyfer oCTaBaTHCA Jerde W TeIiee OKPY:KAWIIEr0 BO3AYXa W IO0-
npesraeMy OyZer BCIIIHBATH, NOKA He JOCTHTHET OIPOMHBIX BHICOT.
Bor ror MexauHmU3M, KOTOPEIN BacTaBisier BO3TyX B I'PO30RBOH s1Ueiike
TOTHUMATBCH.

B revenme MHOTHX JeT MMeHHO Tak OGBACHAIM TPO3OBYIO AUeii-
Ky. A 3areM H3MepeHWs TORazany, Yr0 Temmeparypa obiaxa Ha
pPa3IuWYHHEX YPOBHAX HA® 3eMieil He TAK BHCOKA, KAK D10 CIefyer
u3 kpunoil ¢. [lpuauna & ToM, 4TO, KOTOA «OY3HPHY BIAKHOIO BO3-
7yXa BCIUIRIBACT, OH yHOCHUT ¢ cO0Oii BO3NYX U3 ORpPY:RAIOIIeH cpefs
u oxunargaercs uMm. HpumBas «remmeparypa — BHCOTA» HOXO/KA
Gosbine Ha KpUBYIO d, KOTopas ropasfo Oiuke K mepBOHAYANBHOI
KPUBOH @, HeReIN K C.

ITocne Toro Kak onucaHHAA KOHBEKIMA HAYANACH, TIOMEPEYHLI
paspe3 rpos3oBoii AYeHKM BHTIAJHT Y;Ke Tak, KAk HOKA3aHO HA
gur. 9.9. Jro Tak HasmBaeMmaa «3penas» rposa. B Heil geiictByer
OYeHb CHJIBHAA TATA BBEPX, AOCTHTAONIAS HA 3TOH CTAJUU BEICOT B
10—15 km, a maorga u eoue. ['posonoil Kymoa ¢ mpoucxofsaueil B
HeM KOHJIeHcalueil rpoMosurca Hamo Beeit 00maunoit Tpafoil ¢ GrcT-
potoii, gocruraiouieir o6erano 60 xa/uac. Ilo Mepe Toro Kak BofgsAHOM
Map DONHMMAETCH M KOHIeHCHPYeTCA, BOSHHKAIT KPOXOTHHE Ka-
HeJIBKH, KOTOPHe OHCTPO OXJKAATCA [0 TeMIOepaTypH HIGKE
Byds. OHR JOGKHH 3aMep3HyTh, HO JeXAI0T 3T0 He ¢pasy — OHH
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¢umepeoxmampaoTcay. DBoma, ma u gpyrHe :RugrocTH OGHIYHO JeTko
OXTETA0TCA HIKE CBOeH TOYKH 3aMep3anndA, He KPHCTAILIN3YACh,
eciIN TOIBLKO BORPYT HeT «AJep», KOTophie Heo0XoauMH, 4To6H Ha-
ganach KpUCTALNM3anuA. TONXBKO eclam HMeITCA MeNRHe KpOmRku
pemectsa, HamofoOme rpucraanukos NaCl, xameasku Bogbsl mpe-
pparsarcs B nbguHkm. Torma pasEoBecme Gymer DpUBOXUTE K mMCma-
PeHmI0 Kameldb M POCTY Kpucramnop asaa. Mrak, B Kakoii-ro Mo-
MeHT HAYHMHAETCA BHe3aIHOe MCUe3HOBEHHe BOUH U OblcTpoe 00pa-
30BaHUe Aba. KpoMe 10T0, MOTYT IPOUCXO/UTH NPAMEIC COYIAPen s
BOISHBEIX KamejeKk H JBIWHOK — CTOJKHOBEHMs, B KOTOPHX Ile-
peoxyaskIeHHAs BOJA, TPHKOCHYBIINCE K KPACTALTHKY JTbJA, MIHO-
BeHHO caMa kpucranausyercs. Crano 6HTE, B KAKOH-TO MOMEHT pas-
BHTHA 00jlaka B HeM MPOUCXOAUT OHICTPOe HAKOIUIEHME KPYIHGIX
4aCTHI[ IbIA.

W Korza OHH CTAaHYT FOCTATOUHO TSKEJIHIMH, OHM HAYHYT IIa-
ATk CKBO3b BOCX OJAIMIUII BO3AYX, HOO OHH CTANM CIUIIKOM IpPy3-
HBHIMH, 9T00H TATa Moria nx mecrd. [lapas, onu yBIexkyT 3a c000il
HeMHOro BosxyXa. Haummaercs TPOTHBOTOK BO3AYXA — BHU3.
WU nerxo noBATH, 9T0, KAK D10 HU CTPAHHO, pas YiK HPOTUBOTOK Ha-
qancs, 70 UPeK PATHTLCA OH He cMosKeT. BOBAyX Temeph mOTHBIM Xo-
20M TOMYHTCA BHH3!

ocmorpure: wpusas d Ha ¢ur. 9.8 (uctuHHOE pacmpesenenue
TeMIeparTyp 1O BHICOTE 00MAKA) He Tak KpyTa, Kak Kpusas ¢ (01-
HOCATAACH K BAAAKHOMY BO3EYXY). 3HAYUT, KOTAA HAYHET TAajfarth
BIQKHKII BO3AYX, eT0o TemOeparypa Oy/er MOBHIIATECS 10 KPHBOI,
COOTBETCTRYIOMIell K PUBU3HE JIHHAN ¢, T. €. IPA JOCTATOTHO CHIILHOM
OAeHUH OKAKeTCH HUJCe TeMUepaTypsl OKpPY:KAIOIEero BO3AyXa
(xak 910 BUAHO U3 KPUBOH ). U B MOMeHT, KOrFa 3T0 CAYIUTCH, OH
OKaKeTCH MIIOTHee OKPYHKAWINEI0 BO3AYyXa, MaJeHHe CTAHeT Heol-
BPATHMEBIM.

Ho Bol cramkere: «Ysk He BeuHoe Ju 310 asmkenue? Crepsa ro-
BOPWJIOCH, 4TO BO3AYX TOJIKeH MOJHHMATHCH, & KOTZA BH ero0 1oj-
HANW, TO OMHHAKOBO yOeIUTeIbHO MPUHAMAETECh NOKA3HBATEL, UT0
eMy TmonoikeHno mamarky. Her, 970 He BeuHoOe ABmKeHue. Korma mo-
J0/KeHne HeyCTONYMBO W TEmJIBl BO3MYX BBHIHYKIEH IOJHWUMATHCH,
TOIJa, eCTeCTBeHHOo, 9TO-TO JOMHKHO ero 3amMectuTh. He MeHee pepmo
I TO, 9TO CIyCKAIOIUiica XOJORHHI BO3AyX OHA OH B COCTOAHUM
DHEPTETHYECKW 3aMeCTUTh Temnslii Bosgyx. Ho moiimmre, wro o,
9T0 COYCTWIOCH BHM3,— 3T0 yiKe He TOT BO3AYX, KOTOPHI OBUI BHA-
gase. Jlapane paccy:KAeHus, B KOTOPHX uuia pedb 00 m30MHpPOBaH-
HoM o0nake, cmeppa MOJHMAaBIIEMCH, & 3aTeM CIYCKAINeMCA, CO-
memxanu B ceGe rawyo-to saragky. Hymen 6uim goxms, 910081
obecneunTh COyCK, a 910T crocob Get mano mpasmomofoben. Ho
KaK TOJBKO B HOHSJIH, 9TO K BOCXOAMIEMY MOTOKY BO3AyXa HpUMe-
OIaH BO3MyX, OnBmIMA BHAYade Ha TOd BHICOTE, OTKYZA HAYAIAChH
TAra, TePMOAMHAMUYECKHE COO0paskeHWA MOKAKYT BaM, 9TO Haje-
HUe XONOFHOrO BO3MyXa, MePBOHAYAJIBHO INIABABINET0 HA (OJBIINX
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BHICOTAX, TOKE BO3MOKHO. JT0 M 00BsACHAET KAPTHHY AKTUBHON
IpO3bl, NPeACTaBIEHHYI0 cXeMarmuecku Ha ¢ur. 9.9.

Horpa Bosgyx foxXofuT JOHUBY, W3 HIKHeIl JacTm Ty4M HAYR-
HaeT UATH DOKOb. BooGaBoK, MOCTUTHYB 3eMHON HOBePXHOCTH, OT-
HOCHUTEJBHO X0JOHKI BO3AYX PACTEKAETCS BO BCE CTOPOHKL. SHAYAT,
nepes caMoil rpo3oil HadYWHAeTCHA XOJOTHBIH BeTep, DpeAympeskian-
muit Hac o npepcrodineit 6ype. Bo spems camoiil 6ypu mabmogaoTes
pe3Kue W BHe3aIlHBEe MOPHIBH BeTpa, o0mara kaybGarca u T. A. Ho
B OCHOBHOM CmiepBa CYNIeCTBYeT TOK, TEKYH{Hl BBepX, IOTOM HPpo-
THBOTOK BHH3 — KapTHHA, B0ooOmE TOBOPA, OYeHb CHO;KHAA.

B 10 sxe MTHoBeHme, KOTHA HAYKHAIOTCHA OCA/IKH, BOBHUKAeT W
npoTHROTOK. VI B TOT ;e caMpiil MoMeHT 0OHADYKUBAIOTCS DIEKTPH-
uyeckue spiaeHuA. Ho mpe:kje Yem ommcars MOTHWIO, MBI B2KOHIUM
PaccKasoM O TOM, 4TO TBOPHWTCS B I'PO30BOI Adelike Yepes mosrgaca
uim, craykeM, depes dac. OHA BHIVIAZHT TAK, KAaK MOKA3AHO HA
dur. 9.10. Tara pBepx mpexkpaTmwiach — HoJdbille HET TEWIOTO BO3-
AyXa, d TOofep/KUBaTh ee HedeM. Hakoe-To BpeMsA elie IPOfoONIKa-
10TCA Ocafku, HOCHeJHWe KANEeNIbKH BOOH LANAIOT HA 3¢MII0, BCE
CTAHOBHUTCSL CHOKONHee, XOTA YaCTh JBAUHOK ellle OCTANACh B
gosnyxe. Ha Gompliumx BEICOTAX BETpPH AYIOT B PA3HEIE CTOPOHH,
HOITOMY BepX rpoa3oBoil Tydm oOHYHO HauuHAeT IPAHUMATEH BUJ
paroBsanabun. flueiixe mpumren Kouer,

§ . Mexanusm pacnpedenenus 3apados

Temepb M XOTUM 00paTUTBCA K OGCY/KIEHUWIO CaMOMl BajKHOI
NS HAC CTOPOHBI [lejlda — K BO3HUKHOBEHMIO DIOKTPUYSCKUX 3aPH-
nok. PasHoro poma »KCHePUMEHTHl, BRIYAA MOJETH CKBO3b IPO30-
BOil dpoHT (UMAOTH, COBepIIAMILKE UX — HCTHHHBE Xpabpemmn!),
BHACHWIN, YTO PacHpesielleHne 3apsifos B Tpo308oil Auelike HANOMU-
raerT umzoOpamennoe Ha ¢ur. 9.11. Bepxymra rposs sapsikeHa
HOJOKUTENBHO, 4 HU3 — OTPHIATEAbHO, 38 HCRIMYeHHEM HeGoIb-
IIOT0 YYACTKA IOMO/KUTeNbHEX 3aPA10B B HIBKHEH JaCTH Ty4ud, Opu-
YUMHUBHIEro HeMasxo 3a6or umccxegosarensiv. Hukto He 3Haer, mode-
MYy OH TaM HOABIAeTCH M HACKOJBKO OH B&JKeH, TO JH 3TO BCErO
JHIIH BTOPHIHHE 3pPeKT oM ORUTeNbHOI0 JOKAA, TO JH Cymecr-
BeHHAA YacTh BceTo MexapusMma. Ecaum 6 9T0oro He OBLIO, BCe BHITJISA-
meno OBl 3HAYMTENIHHO Ipomie. BO BCAKOM cjydae OIpeUMYIecT-
BeHHO OTPUUATeNbHBIH 3apAh BHH3Y H IOJOKHTENbHHIT Hasep-
Xy — 9TO KaK pa3 TaKoe PACIOIoKeHUe MONcoB Garapen, KOTOpoe
MO;ReT 3apAfMTh JeMiio orpunartenbHo. llomoskurensasie sapamgs
maxogarcas B 6—7 km Han 3emiel, rge TeMmepaTypa HOCTHTAaeT
—20° C, a orpHIaTexbHEIe — HA BHCOTe 3—4 KM, M TeMIepaTypa
ram or O mo —10° C.

3apAja HWKHe 9acTH TYIH XBaTaeT Ha TO, ITOOH c031aTh MeEKILY
Hell u 3emieit pasHocTh moternuanos B 20, 30 u nasxe 100 man. 6 —
HecpaBHenHO Oombmie, dem Te 0,4 MIH. 6 mepemaja, KOTOpHe
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1 — yenmp noAOHCUMEAbHBX PA3PAO0E; 2 — YeHmP OMPUYAMELbHHX 30pAA08;
3 — obuacmb ompuyameabnozo 60oda; 4 — HeboabWON YeHmpP nOAOHCUMEALII02)
sapada e obaacmu cuabHozo Qoo

ORIBAIOT MELAY «HeGoM» u Semieil mpu AcnoM HeGe. ITH OTPOMHEIe
HRUPA/KeHUsT NPOOMBAIOT BO3AYX W CO3NAIOT TUTAHTCKUIl I'PO30BOIH
paspaz. [Ipu npoGoe orpumarenbHLIl 3apsal ¢ HUKHeH 9acTH Tyunm
mePeHOCUTCA 3MI3araMi MOJMHUYM HA 3eMiIo.

A Temeps MBI B HECKOJBKHUX CJOBAX ONIIIEM CTPOCHHME MOJHWMH.
ITpemme Bcero nMeeTca HACTOIbKO (OJIBINOI Iepenas MOTEeHLHANOB,
910 BO3Ayx npodusaercd. MoaHus Gber Me:xIy OJHOI YacTHIO TYYH
H Opyroil, Wi;m MeAy ofHod rydell m npyroil, mam MeRmy Tydeit u
Semieil. C KasKL0l He3aBMCHMOIl BCHBIIKON — ¢ KaKIBM YAAPOM
MOIHUHU, KOTOPHII BBl BuinTe, ¢ Hefec mmapepraercs 20—30 ky.ion
anexrpmaeciBa. YHTEpecHo, CKOTBKO ke BPeMeHH TpaTws TydYa Ha
poccranomiaenue 31ux 20—30 kyaon, yxopammx ¢ monmueii? Iro
MOKHO BBISICHUTDH, H3MEPSAA BAAIHM OT TYyYH JJIEKTPHIECKoe Molie,
BHI3EIBAEMOe NHUOJBHBIM MOMEHTOM Ty4YH. IIpu Takux usMepeHUAX
BBl BUAWMTE BHE3ANHHII COAJl MOJA NPHU yaape MOJTHHIH, 8 3aTeM DKCI0-
HeHIOUAJbHBII BO3BPAT K IePBOHAYANBHOMY €ro 3HAYEHHWIO C Xa-
paxTepHOH BpeMeHHOH TOCTOSHHON mopsAgKa O cek, HEMHOTO MeHsI0-
meficst 0T ciiyJasA K CIydJao. SHATHUT, TPO3e JOCTATOUHO 5 cek, 9TO0H
BOCCTAHOBUTHL Bechb cBoi 3apam. Ho sro, xoweuno, me osmagaer,
9T0 odepexHAs MOJHUA YOAPUT TOYHO deped D cek, LHOTOMY YTTO
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A\ @ ue. 9.12. Cmpys 600w ¢ s.1exmpu-
weckuM Rodeil, COIBaHHBLN 664U
Hacadrku waareq.

K sodonpasody

MeHseTes: 1 TeOMeTPHA Tyd | ApyTHe (aKTopsl. DCDLMIRK CAefyioT
JIPYT 3a IPYTOM HeperyJispPHO, HO CYMIECTBEHHO TO, YTO BO3Bpalme-
Hue K HAYaJbHHIM YCIOBUAM BCerja IMIPOHCXONUT IIPHMEpPHO 3a
O cex. CieponaTenspHO, B TPO30BOH JUHAMOMAUIMHE T€YeT TOK IPH-
MepHO B 4 a. A 9T0 03HaUaer, 9410 M00asg Mofelnb, TPUAYMAHHAA i
00'bACHEHI TOT0, KAK T'PO3OBOH BHXPh [EHEPUPYET BISKTPHUSCTRO,
HOMKHA OGHTH 09eHb MOOIHON — 3T0 JOJsKHA OBITH OTpoMHAs GHCT-
pomedcTeyoOmas MaXnHA.

IIpesine yeM OBUHYTHCSA [AJbIe, PACCMOTPUM KOe-4T0, MOYTH
HaBepHAKA He HMeOHlee HUKAKOTO OTHONIEHN K U3JaraeMoMy mpe/-
MeTy, HO TeM He MeHee CaMo mo cebe A0GOMBITHOE, TAK KaR 3TO Je-
MOHCTPHpYeT BIUAHNE 3JIERTPUYECKOr0 HOJA HA BOJAHBIE KATLIN.
Meur ropopum, 910 970 MOIKET B He HMeTh OTHOUIEHHs, MOTOMY UYTO
CBA3AHO C OMBITOM, KOTOPHI MOMKHO Hpofienars B aabopatopum co
¢TPyilroil BOAN M KOTOPHIL HOKA3KHBAET LOBOJIBHO CHIABHOE feiicTBHe
DIEKTPpMYECTBA HA KameiabKu. B Tpose ke HeT HUKAKHUX BOAAHBIX
cTPYyHl; TAM IPOCTO MMEETCS TYda CKOHAEHCUDPOBAHHOTO JIbJA M Ka-
meab BOAH. TaK 4TO BOIPOC 0 MeXaHUBMAaX, MeHCTBYOIINX B I'DPO3e,
IO BCell BOPOSATHOCTH, HUKAK He CBA3A4H CO BCeM TeM, UYTO BB YBUINTE
B TOM TPOCTOM OLIBITE, KOTOPBLA Msl XoTmM omucars. Hacagure na
BOTOIPOBOAHBIH KpaH NUIAHT C CY:KEeHHRM KOHIIOM U HaOpaBbre
CcTPyI0 BOAH U3 Hero mof KpyThiM yraom (fur. 9.12). Boxa sabser
TOHKO{l cTpyIiKOH W, BepoATHO, HAYHeT PasOPHBTUBATECS MEIKUMIT
ranenbramu. Ecau momeper crpyu HaBsecTH dJIeKTPHYIeCKOe IMOie
(crameM, BapsKeHHON nagodxoi), 70 dopMa CTPYM M3MEHHTCA.
TTpu craGoM HIeKTPUTECKOM OJe BH YBHAUTe, ITO CTpyA pasbi-
BaeTCA HAa HEeCKOJBKO OOJNBIIMX Kamelb, a IPH CIILHOM IoJe CTPys
pasbpelaruBaeTca HA MHOIO-MHOTO Mejb4yaiimmx Kamellek, ropasfio
(osee MeJIKEX, 9eM mpesrge*. Y ¢aaboro seKTpHIecKOro IOJiA ecth

* YpoOGHeH cnoco6 nabiaionaTh pasMep Kanesb — NaTh BOJe IafaTth Ha
Oo71m0# npotusens, OT KPYUHMX Kaneib HpoGb Oyier rpomde.
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TeHJeHIWA BOCIPeNATCTBOBATH JpobieHH0 CTPYyH HA Kamim,
a CuiIbHOe, HATPOTHR, CTPEMHUTCH PasgpobuTh DOTOK.

dtu 3dderTs, Mo Beell BUAMMOCTH, MOKHO OGBACHUTH CIENYIO-
muM o6pasoM. Horga ms muanra 6ber BOJAa M ME DPUIOKIIA 10-
Heper HeOOJBIIOE TI0J€, TO OfIHA CTOPOHA CTPYH MOKeT 33 PANUTHCA
TyTh-2yTh 00Jlee MOMOMUTENBHO, a4 Apyras — 9YyTb-9yThb Golee
orpunarexbro. U moToM, Korga crpysa Apo0UTCA, KAIH ¢ OfHOI
CTOPOHE! CTPYH MOTYT CTATh HOJOKHUTENBHO 3aPAKeHABMME, & C APYy-
ol — OTpUOATeNDbHO 3apsaskeHHbIMH. OHH HAYHYT NPUTATHBATHCA
H BAXOTAT CJAUBATLCSH B 60/lee KpymHbie, yeM npeskae, kKamiun. Ctpys
He Oyger cunbHO gpoSurscsa. Ecim ske moge yBeNHYUTH, TO 3apsii
HA KasKAOH OTeNbHOIl Kalle cTaHeT 04YeHb OOJBIINM, W cam 3aps[]
fyfeT cTpeMUTHCS H3MeNBUAThL KAIIN (W3-33 HX OTTATKUBAHNA),
Haspas ramenpka pasfenurca Ha Gollee MelKue (U TO;Re 3APAKCH-
HEle), OHM HAYHYT OTTAAKUBATHCHA, M TNOCHWIIOTCH Opestu., Urak,
OpH HAaPacTaHWM ToJA CTPyHKa gpodurcsa Bce Menbue. Exuncrnen-
HOe, 4T0 HAM XOTeJ0Ch OBl TOAYePKHYTh,— 3TO YTO IPU HEKOTOPHIX
06CTOSsITeTBCTBAX JACKTPHICCKOE I10JI@ MOKeT CHIIBHO CKAa3HBATHCHA
Ha KamrAax. TouHnil MeXaHusM TOTO, Y0 MPOUCXOZUT B TPO3e, He-
U3BECTEH, W COBCeM He 00A3aTeNIbHO CBAZHIBATH ero ¢ TOIbKO UTO
ONMCAHHEIM. MH BRIIIOYMIH 3TO OmMHMCaHuWe JHUIb AJA TOTO, YTOOH
BBl OIEHWIHU CJOMHOCTbH SIBJIEHWI, KOTOPBIe MOTYT HTPaTh pOIb.
Ha camom pese Hu y KOro U3 yYeHHX HeT T€OPHH, OCHOBAHHON Ha
TAKOM IpelCTaBIeHUN.

Mgt xorenn 6m npuBecTH gBe Teopun, u3odpeTeHnse MIA 00bidC-
HeHHA pasfeneHus 3apsigos B rpose. O0e OHE OCHOBAHH HA Hpej-
CTABJEHUN O TOM, YTO Ha MaJA0meld JacTune J0JKeH cymecTBOBaTh
OIUH 3apAM, & B BO3AyXe — MPOTUBOTONOKHKIL. Torma npu pmre-
Huu nagamomeil vacTuus (BOAR WM JbAA) CKBO3b BO3AYX BO3HHKACT
paspieseHne 9JeKTPUYECKHX 3apaAAoB. Bonpoc TONBKO B TOM, 0TUET O
Havugaerca siaexrtpmsammsa? OpmHa u3 crapeifmux Teopuit — 910
Teopusa «gpobienns kKamenby. HTo-TO KOTHa-TO OOHApY:KWI, TTO
eCIM B NOTOKe BO3AyXa Xamim fpo0AaTcs Ha YACTH, TO CAMU OHH 3a-
PARAIOTCSA MOJOAUTENBHO, 4 BOBAYX — OTPUIIATeNBHO. ¥ 3TOMH Teo-
PHT €CTHh HECKROJABKO HEZOCTATKOB, CAMBIN ce PhC3HHIL U3 KOTOPHIX —
uT0 dHak TmoJaydaercs He ToT. Kpome toro, B Goabpmed dactu rpos
YMEDPeHHOI0 TO0ACA, COTPOBOMIAEMEX MOJIHMAME, OCALKH HA BOMNb-
IMuX BHCOTAX OHBAWT He ¢ ¢ude BOOBL, 4 B BHUAE JbIA.

M3 T0XBKO 9YTO CKA3AHHOTO CIEYeT, YTO ecJiu O ME MOIJIH LIpei-
crasuTh cebe cmocob cpenath Tak, Yro0nl BepX M HU3 KATUIN ORn
HA3JeKTPU30BAHE HO-PA3HOMY, U €CId 0 MH yCMOTpelIHN Kakoi-To
pesoH mus Kamenb pasdusarthes B-OBICTpOM MOTOKe BO3YyXa HA He-
paBHble YacTH — GO0JbINYI0 BIepelu, & MEHBIIYIO mo3agu (Hy, cka-
JKEM, U3-38 JBUKCHUA CKBO3b BO3AYX WM H3-3a 9ero-1To mofolHO-
T0), TO ¥ Y HAC HOABMAACH OH ¢BOS Teopusa (OTAWYIHAS OT BCeX W3-
sectunrx!). Torga ms-sa comporupaeHus BO3[yXa KpyNHBeE KaILin
OpY DajfleHHn oTcrapaxd OH OT MEJNKHX U BLHUIIO OH pasfeleHHe
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sapsapos. Har Bupute, MOMKHO UBMHIIATE A00He BO3MOK-
HOCTH.

OpfHa u3 caMBIX OCTPOYMHEIX Teopuil, 80 MHOTOM OoJiee yOBIeT-
BOPHTENbLHAS, YeM Teopus aPOOSAIMUXcs Kameib, NPHHAMIEIRUT
Bunscorny. Ouncuisas ee, Mu1, Kax u cam Bunbcon, 6ymneM ropopurs
0 KaIuIAX, XOTA BCe 9TO OTHOCUTCS B PABHOH Mepe U Ko apay. Ilycro
y Hac EMeeTCs BOAAHAS KAGNbKA, HANAOMAA B DIIEKTPUIECKOM I10IIe
manpsirennocreo 100 s/ K OTpUUATENBHO 3apAKeHHOH 3emie.
Y xaniu noapuTCcA HapeleHHSIH AWHOABHHIE MOMEHT — IOJNOKU-
TeNBHEIN 3apPsAg BHU3Y, oTpunaTeabHsll Hasepxy (dur. 9.13). Kpo-
Mée 9TOT0, B BO3AYXe MMEIOTCA «AApPar, 0 KOTOPEIX MH yiKe TOBOpPH-
am,— Goublke HETOPOWINBO ABMWRYymuecs woHH. (DBurcTpoie moHb
HE OKLKYT 3mech 3aMmerHoro mauanus.) llpegmomosxum, ure Ha
CBOEM IIYTH BHU3 KamwiA Npubiausmnachk K 6onsmomy uony. Ecau on
cam TOJORATeNeH, TO IIOJOKATEIbHBIH 3apa] HU3a KAIIM OTTOIK-
HeT ero, 1 OH OTOHAeT B ¢cTOpoHy. Tak uTo, co0CTBeHHO, KA aske
He compuKocHeTes ¢ umM. Ecinm sxe moH mpubIn3uTca K Kamje cBep-
Xy, OH MOKeT IPUTAHYThesa K Heil. Ho kamns nagaer ckso3b Bo3ayX,
¥ BO3LYX HPOHOCHTCH MHMO Hee BBepX, YHocA ¢ co0o0d uomsl (ecau
TONBKO OHU ABHKYTCH JOCTATOUHO MedieHHO). Tak 4TO mOJOKU-
TeJbHBIE MOHHL HE YCIIeBAIT KOCHYTHCA BePXYIMKU Kamiam. Bce aro
OTHOCHUTCH, KaX BHJUTE, TOJBRO K KPYOHBIM, MAaJOMOIBUKHEIM
monaM. [LosoKuTen bHbe MOHE TAKOTO COPTA He CMOTYT COIPHKACATH-
CA HU ¢ HW/KHeH, HY ¢ BepXHel IMOBePXHOCTHIO JeTAMeNl KamelbKH.
Ho xorpa kpyn#sie, MefJieHHbe, ompuyametvhbie UOHN BXOIAT B
CONPHUKOCHOBeHHE ¢ Kamaell, oHa WX OpUTATHBAeT K cebe u 3axBa-
tuBaer. Ha Kanme sakannupaercs oTpunaTedbHHE 3apaAn (3HaK 3a-
psia ompeneiasercA HCXOTHOH pasHOCTPI0 HOTEHUUATOB  Beeil
3eMJIM U HoJdyYaeTcA KAK pas TOT, Kakoil HaM HY:keH). OTpHnarens-
HE 3apan 6ymeT nepeHeced KAIAMH B HIDKHIOO YacTh TY4H, & HO-
N OMUTENbHEIe HOHE, GPONIeHHKe no fopoTre, OyIyT CIYTH K ee Bep-
XyIIKe pasiNIubIMH BOCXONAIAMHA TMOTOKAMW. TeOPHMA BHTIAIUT
JOBOJBHO MHJIO H, BO BCAKOM caydae, JaeT UpaBUAbHEE 3HAKH.
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K romy e oHAa He 3aBHCUT OT TOT0, Ipaj JH Y Hac WIM KAILIY T0K-
1A, Mo ysummm, worga OymeM mM3yyarh HOJAPU3ALUIO TUAIEKTPH-
KOB, 4TO €O JBLIHHKAMH [O/GKHO IPOUCXONUTH TO me caMoe. Y HUX
TO}KEe B DIGKTpUYecKoM moje OYAYT MOABAATHCA HA KOHIAX IIOJIO-
SKUTEbHBE M OTPUIATEIbHEE 3aPAML.

Opguako ¥ dTa TEOPUs OCTABAsIET KAKMe-TO HescHocTu. Bo-mep-
BHIX, CYMMADHHI 3apsfi T'posH 0dYeHb Beauk. J|0BOJBHO GHICTPO
Bech 3amac GONBIIUX WOHOB HM3pacxonyerca. Buabcon um mpyrue
BHIHY;KOEHH OBUIM HPENIONOMKUTh, YTO CYMECTBYT F00aBOUYHBIe
netouHukn Gompmux morop. Hak TOXbKO HaYMHAeTCHA pasfeleHue
3apAN08, PA3BHUBAIOTCA OYeHb CHJAbHEE DIEKTPUYeCKHe TOJNA, U B
STUX HOJAX MOTYyT OHITH MecTa, e BO30YX mOHH3yercd. Keam tam
HMeeTCs CHIBHO 3apaAseHHas TOURA My J000i Heboxbinoii 06BeKT
HanogoOue Kamiu, TO OHU MOTYT CKOHIEHTPHPOBATHL BOKPYr cels
moJge, HOCTATOUHO OOJbINOE IYIA TOTO, YTOOH BO3HHK (KHCTeBOH
paspamy. Rorga mMeercst [OCTATOYHO cuiIbHOE IOJIE, CKAMEM II0-
NOMUTENBHOE, TO DICKTPOHH OYAYT MOHAfaTh B HTO IOJNe W YCIe-
BaTh HAOUPATh MEKAY CTOTKHOBeHUSAMU Oonbimywo ckopoerh. Oma
Oyger TaKoil BHICOKOH, 9T0, mONAJasd B ATOMSI, DJEKTPOHM OVAYT
CPHIBATH ATOMHEIE 9JIEKTPOHH ¢ BX 000JI0UKH, OCTABIAA 03au ceds
TOJNO;KUTETbHKe HOHBl. JTH HOBHE BIEKTPOHH Toske HabepyT cko-
POCTh M, CTONKHYBIINCH, MOPOJAT eme GOJNBINe HOBHX 3JIeKTPOHOB.
ITpousoiimer cBoeTo pofa memHAsA peaxvmus, WIK JIABHHA, BH3HIBAIO-
maa OblcTpoe HakomileHme WOHOB. llomokuTenbHsle 3apAAH OcTa-
HyTCH HeBJAJeKe OT CBOMX HPEKHHX MeCT, Tak 4To YACTHI sfderr
COCTOMT B pacOpeflefiellnd TOJOMUTENLHHX 3apsigoB B 0061acTu
BOKpPYTr McXomHOH TouKHd. ITpm aTOM, KOHEUHO, CHABHOE MOJE HCYE3-
HeT M mpolecc 3amper. TarkoB Xaparrep Kucresoro paspapma. He
HCKIIOYeHO, YTO IIOJA B I'PO30BOI Tyde MOI'YT ZOCTHID TAKOU BeJaH-
YUHE, YTO CKOJBKO-TO TaM KHCTEBHX pa3psAfoB AeicTBHTEdbHO
BO3HHKHET; MOTYT Take OHTh W [Apyrue MeXaHU3Mbl HOHUZAIUH,
BRJII0UaeMBIe, efBa HauyHeTCA rposa. Ho HUKTO TOUHO He 3HAeT, KAK
OHU AelcTBYIOT. TaK 9T0 HO-HACTOAMEMY 0 KOHIA NPOUCX O eHAe
MogHEA He HoHATO. Mbl 3HaeM TOXBKO, 9T0 MOMHUE OHEBAIOT OT IPO-
3bt (4 3HAeM, KOHEUHO, IT0 IpoM OHBAeT OT MOJIHUA — OT TemJI0BOM
9HEePruu, BHCBOOORIAEMOl TPH BCIHINKEe MOJHNH).

Ho o kpaiiHeii Mepe MBI MOJKeM XOTh OTHACTH IOHATE ITPOMCX 03K~
meHue aTMocepHOro leRTpudecTBa. [3-3a Toro, YTO BO BpeMsA I'po-
3Kl CYIIECTBYIOT BOB/YITIHEE TeUEHUST, MOHBI M KATJIU BOJIK HA AbIHH~
KaX — IOJ0KUTeNbHEle U OTPUUATeNbHbe 3aPANbl — PABAEIAIOTCA.
[TonoxurenbHble 3apAAB YHOCATCH BBEpPX, K OGJAYHOMY KyIOJy
(cm. dur. 9.11), a orpunaTeNbHEE P YA PaX MOJHNAN CKATHBAOTCA
Ha 3emnno. llomomurensvusle rak u ocrarrea Ha BepXyuIKe oblaKa,
BXO/AT B BEICOKHE CJION X0POIIO WPOBOJAIIET0 BO3yXa U PACXOATCH
Haj Beeit 3emueii. B pafionax, rfe qep:RATCA ACHAS IIOTOIA HOJOMKY-
TeNbHEIE 3APAAHN B 3TOM €I0€ MEeJJeHHO MepeBOJATCA K 3eMHOIl mo-
BePXHOCTH HOHAMH B BO3JyXe — HOHAMH, 00pasoBaHHHIMYZ TO JIH
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KOCMHYECKMMHE JIYYaMu, TO AU BCILIECKAMH BOJH U JIeATEIBHOCTHIO
geqopera. AtMocepa — 310 GecnpephBHO el cTBYIOMAA IeKTpU-
yeckaa manmmHal

§ 6. Moanusa

Ilepsoe cBumeTeIBCTBO O TOM, YTO TPOMCXOANT TIPH BCIHIIKE
MOJIHHHM, OLII0 MOAYyYeHO B QOTOCHEMKAX, CACIAHHBIX KaMepoli, Ko-
TOPYIO LePiKaTH PyKaMH ¥ HepeMenialn IPH 3aKPETOM 3aTBOPe. Ha-
LeIMBaAch TyAa, Ie O:KHAaNach BCOBIOKA MoxHNHA. Ileproie mony-
YeHNEE TAakuM cnoco0oM (oTorpaduy ABCTBENHO IOKA33JIM, 4TO
00HYHO yAApH. MOJNHHUN — HTO TMOBTODPHEIE PAZPALH HO OJHOMY U
tomy sie myTH. llos;ke OpuTa wsodpereHa kaMepa «Boiicy, B KoTopOIl
Oge IVHBH CMOHTHPOBAHHL HA OHICTPO BPAMAIONEMCH JIICKe IIOJ YI-
nom 180° mppyr k apyry. UsoOpasenue, gasaeMoe Ka:sioil JImrH30iI,
ABIKeTCA MOmeper MIeHKH, KAPTHHA PA3BEPTHRAETCS BO BPEMeHH.
Ecam, crakeM, yIap TOBTOpmICH, TO HA CHUMKe MOABATCA OOK 0
Gor pgBa m3obpakenus. CpanHmsas usofpaskenua or o6euX JHHS,
MOSKHO BBIACHUTDL DPAa3jiuuHble AeTajW BPeMeHHOU IMOciegoBaTedb-
vocty Bemumier. Ha dur. 9.14 nokasan cuumoK, credamHEI Takoil
Kamepoii.

Paccramem 0 MonaEEM mojpobHee, X0TA MH B He TOHAMAaeM TOY-
HO, KaK oHa fgelicteyer. Mpl XOTHM [AaThb Ka4eCTBeHHOE OMHCAHUE
TOTO, H@ YN0 9M0 NoxoXce, HO M He 0yoeM BXOAWUTH B HeTaly TOro,
noYemy OPOUCXOMMT TO, 4Td, MO-BUAUMOMY, mpoumcxogur. Onuimem

Que 9.14. CHumor ecnwwru
MOAHUU, CcOeaaHHwl  Kamepol
‘«Boiicy.
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D ue 915 Obpasosanue
cmynenyamozo audepa.

A AR Y
3emns

oGRYHBIA caydail TyUM ¢ OTPHIATENBHHM [HOM, BUCAmell Han pas-
anaoii. Ee morenmuas umamuoro Gomee OoTpHuaTeNeH, yeM 3eMHasd
HOBePXHOCTh HOR HEH, TaK UTO OTPHUIATEeSbHEe 3JeKTPOHH OyayT
YCKOPATHCA O HATIPABIEHIIO K Jemie. A TPOUCXOMMT 3eCh BOT 9TO.
Bee nauumnaercs co CBeTAOIETOCS KOMKA, HABHIBAEMOTO (CTyIeHUYa-
TeiM aupepoM». OH He TAROH APKHMHA, KAK CaMa BCOBIIKA MOJIHHM.
Ha cHuMKax MOMKHO BUgeTs BHAYAJE HeHONBIIOe CBETIIOE NATHEIIKO,
BHIXOJIAINIEE U3 TYYH U 0YeHb ObICTPO KATAMIEECHA BHUS CO CKOPOCTHIO
1/6 cropoern ceeral Ho oxo mpoxogut seero okono 50 # u octamas-
aupaetca. Caenyer naysa oxono 50 mEcek, a 3aTeM IPOUCXOIUT Cire-
ayiomuii mar. M 3a HuM cHOBa maysa, a mMOCJe HOBHIL mar u r. d.
Tax, mar 3a Harom, NATHO ABIETCA R 3eMje, IO OYTH, TOX0KEMY
HA TO, 9TO HMBoOpakeno Ha dur. 9.15. B aumepe umewrea orpmua-
TeJAbHEIE 32 PAIE U3 TYIW; BeCh CT0J0 MOJI0H OTPULATENBHOTO JJIEKT-
puuecTBa. K{pome TOro, BO3AyX HAYMHAeT WOHH30BATHCH OHCTPO
DBIGRYIDAMECA 3apagamu, o0pasyomuMu Iuiep, TaK 9TO BO3AYX
B OJDL OTMEYEHHOTO IYTH CTAHOBHUTCH IposogamuM. B moMenr, kor-
Ja augep KOCHEeTCA IPYHTA, MONYJYaeTCs MPOBOIAINAS «IPOBOIOKAY,
KOTOpas TAHETCA 0 CAMON TYYH W TMOJHA OTPHIATEILHOIO 5J1eKTpU-
gecTpa. Temepb, HAKOHEI, OTPUIATENLHEN 3aPAL MOMeT 3AIPOCTO
yaparh u3 vyuu. JlepBrME 3aMeYa0OT 9T0 BAEKTPOUH, HAX OANIAECS
6 camoMm HuU3Yy JNURePa; OHM COCKAKMBAIOT Ha3eMb, OCTABHUE MOBAMH
ce0a MONOMUTeIbHBI 3apaAf, KOTOPHHE NPUTATHBAET HOBHIE OTPHIA~
TeJbHBIE 3aPASE M3 BHCINWX "acTell aumepa; OHU TOMKe BEIBAJIMBA-
10TCA HaszeMb ¥ T. 1. B KoHIe KOHI[OB Bech OTPHIATEAbHBIA 3apAn
BTOf 9aCTH TYIH OBICTPO M DHEPTUTHO COEKUT IO STOMY KaHaJy BHHS.
Tax 9ro MoXHHSA, XOTOPYH BM eudume, ObeT OT 3eMIH 66epL
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(¢ur. 9.16). U, peiicrBurensro, STOT OCHOBHOI paspaAx — caMas
sSIpKas 4acTh paspsAfia — HaawnBaerca obpamrol scnwwkoil. Ona 1
BRIBEIBAET SIPKOE CBeYEHWE U BHJeJeHUE Tella, KOTOPoe, MPHUBOJs
K OBHCTpPOMY pacIIMpenui0 BO3qyXa, MNPOHU3BONAT TI'POMOBOL
yAap.

Tox & nure Moxuum gocruraer 10 000 ¢ u yuocur oxoio 20 ky
JA0H DJEKTPUYIECTBA.

Ho w1 emte #e korumnu. Coyers HeGonbpinofl mpoMesRyTOK Bpe
MeHI, MO:ieT OHTH, B HECKOJBKO COTHIX CeKYHMBI, KOTAA 00paTHAas
MOJHHUA Yyie HMCYesJad, BHH3 HUKupyer HOBuil aupmep. Ho ma aro
pas ysie 0es mays, 6e3 ocraHoBOK. Temepb ero mMeHYIOT «TeMHEIM
AUZePOMY, W BECH MYTHh CBEPXY JOHH3Y OH IPOXOAMT ofHUM Opoc-
Kom. OH MYUTCS HA BCEX HAapax B TOYHOCTH MO LPEKHEMY CJIeny.
HOTOMY UTO BAO0Ib CJIeda XBATAET OCKOJIKOB ATOMOB JJIA TOTO, YTODH
BTOT MYTh OKA3AJCA caMmM neTRuM u3 Bcex myteil. Hoswlil anpmer
CHOBA IOJOH OTPHUNATEISHOTO BIeKTpuwiectea. 1l B MrHOBeHme,
KOTHa OH KacaeTcsa HOYBH,— Tpax! — mosBasgerca o6paTHAs MO-
HUSA, KaTAMAACA 10 TOMY ke nyTu. VM BE BUUTEe, KAk MOMHUA Gbel
eme pas, u emle pas, u eme. llopoil 6uIBaeT ToubKO OOUH-BA yAapa,
BpeMeHaMd TATh Wil AecATb (OGHAKIH BuAedum 42 paspaAga mo
ONHOMY U TOMY e KaHaay), HO Bcerga GHCTpO CAefyOMmUX OIMH 3a
APYTHM.

Bpemenamu see eme Goaee yeaoxkaaercss. CrasxeM, mocae ogHoil
¥3 OCTAHOBOK JMIep MOsKeT HAYaTh BeTBUThCA, o6pasosas dse cry-
neEbKku — ofe uAyT BHU3, HO He COBCEM B OLHOM HAIIDABJACHHU (CM.
pur. 9.15). Uro saTeM caywdurcs, 3aBUCHT OT TOT'O, KOCHOTCH JH
OJHa U3 BeTRel 3eMJIM HAMHOrO paubine gpyroil. Ecan na, To Apxas

/_

D ue 9.16. O6pamnas moaHus
Myumces no caedy, nposOHCEHHOMY
audepon.
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obparHas MOJHUSA (BCHEITKA OTPULATENIBHEIX 3apANOB, Pasrpyae-
MEIX HA36Mb) IPOKJIaTsBaeT cebe MyTh 86epx BAONB BeTBH, KOTOpas
KOCHYJIACh 36MJIHM, a KOIJa HA CBOEM UYTH BBEDPX MOCTHTAET M LPO-
CKaKUBAaeT HAYANO APYToil BeTBHM, TO KAIKETCH, UTO APKAT MOJHHUA
BbeT grus mo Hroi Apyroi Bersu. [Touemy? [loToMy uro orpunaresn-
HOE AFEKTPAIECTBO CCLIIASTCHA HA 3eMJII0, W 9TO BHIBHIBAET BCILINIKY
MOJIHUH. JTOT 3apaA HAUMHAET ABUTATHCA B HaUalle BTOPUUHONA BeT-
BH, MOCAETOBATEABHO OMOPOKHEAA ee NaTbHeHINHe YIACTRHA, TaK 9T
RAIRETCS, ITO sIpKAsg MOJIHUA TPOKIATBIBAET cebe mIyTh BHUS O BTOI
BETBH B TO e caMoe BpeMsA, KaK OHA ABIKETCA BEepX. Ecam, ogna-
KO0, Of{HA U3 5THX 700aBOTHHX BeTBei JuAepa JOCTHTHET TOUREL ITOUTH
BMECTE ¢ CAMHUM JIUePOM, TO TOPOIl MO;KET CAYIUTHCS, YTO MmemHbLil
nuIep HOBTOPHOH BCHHINKM m30eper cefe TyTh MO BTOPOI BeTBH.
Torma Bo ypumure HmepByIO INIABHYIO BCTHEIIKY B OMHOM Mecre, a
BTOPYIO ~— B APYroM. JT0 — BaPUAHT NEePBOHAYANBHBEIX LIpefcTaB-
Jenui.

Hpowme toro, Hamme onucaHue yepecayp YIPOmaer SpIeHus y ca-
MOII 3eMHo#l moBepXHocTH. HOTHa cTymeHYaTHil Jiugep OKA3ZHBAETCSA
upumepuo B 100 & o1 mouBH, TO 0TTYA2 HOFHNMAETCH eMy HaBCTPeTy
paspsan. llo-supgumomy, mone CTAHOBHUTCA TAKUM CHJABHEIM, UTO MO-
MeT HavarhesA paspan Kucresoro tuma. Ecam, k mpmmepy, B a10M
MecTe ecThb KaKOH-TO BRITAHYTHI mpeiMeT (ZOM C OCTPHeM HA KpH-
me), T0 Opy NpuOImKeHNN JUAepa MOJIA TAK HAPACTAKT, YTO HAIU-
HAeTCA PaspAf ¢ HTOTO OCTPHUA, KOTOPHIX focTuraer aumepa. Moxnna
cTpeMutrcA OHTh XKaK pas3 B TaKme OCTPHA.

To, uro MOnANA ObeT B BHICOKHE MPeAMeTH, I0-BUIHIMOMY, OBLIO
H3BECTHO MAaBHHIM-FABHO. li3BecTHOo BHcKaswiBamme AprabaHa,
copernura HKeceprca. Apraban gaer cBoeMy TOCHOTUHY COBET OT-
HOCHMTEJIbHO IIPEANoNarasmerocs mOX0ga HA TPEKOB, WMeBINero
neabl0 OpOCUTh Bech M3BeCTHHIT TOrga Mup K HoraMm mepcos. OH
rosopur: «Bsrasinu, kax Bor MoaHUAME CBOMME BCeTTa NOpayKaeT
KPYIHHX ;KUBOTHHX ¥ He I03BOJIAeT WM CTAHOBUTLCSH JepP3KUMH, a
CyulecTBA MeHBUINX PasMepoB He pasnpaskant Ero. 11 kar moxnum
Ero magaror Bcerga @Ha caMsie 60Jablime TOMAa W caMble BHICOKNE [ie-
pepbsi». U 3arem o o0bacHsier npuuuny: «Tak, osernpao, OH dI0-
OUT YHUKATH BCe, YTO BOBHOCHUT celsy.

Kax BH pgyMaere — ceiidac, KoTAAa Yy BAC eCTh UPABUILHEIL
B3TJISL HA MOJIHHKIO, IOPAKAIOMYI0 BHCOKHE e PEeBbA, CMOLIIH JN O
BHL IaBaTh KOPOJAM COBETH 110 BOGHHEIM BOIPOcaM ¢ Oombmeid MyJ-
poerbio, gwem fenan sto Apraban 2300 mer masap? Craswure um,
uT00 OHM He BO3Hocumam ceba! Y Bac TOJBKO B5TO BHIUJET HE
CTONB IO3THIHO.
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Trasa 10

§1. Kmoaexrpuueckan

AUSJIEKTPURA OPOHHIIAEMOCTD
§2.Bexrop
noasapusanay U
§3.Hoaspusauyomin
§ 1. Jusaexmpurecras npoHuUUaenocms Sapsaabl
Ceituac Mbl pasGepem eme OfHO XapakTepgoe $4.Y papiieHus
CBOIICTBO MATePUHN, BO3HUKAWLINEE TON BIHAHUEM BIHEKRTPOCTATIIRY
saeKTpHIecKoro moas. B omuoil ms mpemmgymux BOA  JHSACHTPLE

TJIaB MBl PACCMOTPENIN DOBeleHHe nRPOsOJHUEOS,
B KOTODHX 3apAfbl HOJ BAUAHNeM diexrpudeckoro $o.Iloaa u cums
Dol ¢cBOGOMHO TEeKYT B TaKWe YYACTKH, 9TO HOJe B IPHCYTCTBH
BHYTPH TIPOBONHMKA obpamaerca B Hyab. Temepn AMBDASKTPURGS
Mbl GymeM TOBOPUTH 06 Usoadmopar, T. €. TaKHUX
MaTepuasax, KOTODHe He IPOBOAAT SJIeKTpHIe-
crro. CHavama MOKHO ObT0 6B mOLYyMATh, YTO B
aux Boobme Hudero He npomcxopur. Ho Dapageit
¢ TOMOMIBI0 IIPOCTOTO IEKTPOCKONA M KOHIEHCA-
TOpa, COCTOSIET0 W3 [BYX MapailelbHHX IJac-
THH, OOHAPYRUI, UTO 370 He Tak. Ero omuT mo-
KazaJ, 9TO €CIH MKy ILUIACTHHAMYE MOMECTHTh
HU30JIATOP, TO eMKOCTh TAKOT0 KOHZeHcaTopa yee-
aunumest. Horma H30aATOP LEIMKOM 3al0THAeT
MPOCTPAHCTBO ME/RAY ILIACTHHAMH, €MKOCTb BO3-
pacraer B % pas, IpUYEeM % B34BHCHUT TOJIBKO OT
CBOMCTB H30IMpYIOmero Marepumana. Msommpyro-
[Ii1e MATePUANH HABHBAIOT TAKKE JUIMERMPUKAMU;
TOrfAa MHORITENb X XapasTepmayeT c¢poiicTBa
TUDJeRTPUKA U HA3BIBASTCA JUsieEmpPuieckoli npo-
Huyaemocmblo. JlusieRTpudeckas NPOHULAEMOCTD
BAKyyMa, KOHEYHO, pasHA eguHUIE.

Hawma zapmawa remepb cocroumr B TOM, 9TOOH
00BSCHUTL, HOYeMy BOOOHle BOZHUKAET DIEKTPHU-
geckuil adderT, pas usoaATOPH PaKTHIECKH AB-
JAKTCA H30MATOPAMM M He IIPOBOIAT DJIEKTPHYe-
crea. HaudeMm ¢ sxcmepumentambroro dgaxrra, aro
€MKOCTh YBeIMIMBAETCH, N IONHTAEMCA pazol-
paTbes, 4TO e TaM MOKeT Hpoucxomurs. Pac-
- CMOTPHUM IUVIOCKHH XOHIEHCATOP, HA IPOBOTAMIMX
MIACTHHAX KOTODOr0 WMEIOTCH 3apAfbl, CKAIKeM,
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D ue 10.1. Hiockuli kondencamop ¢ Ousiesmpurosn.
Iorasanst aunuu noan E,

Ha BepXHell miacTHHe OTPHUATEIbHEE, a Ha HIGKHEH — TOJO0MI-
TenbHbie. IIycTh paccToAHMe Merx[oy TIacTHHAME PaBHO d, a IJIO-
manh Kasmgol mmactuEsl A. Har ME Hokasanum paHblie, eMKOCTB
paBHa

4
C=", (10.1)

a 3apAng X DOTEHIUAaJd HOHCGHCATOpAa CBA3AHHE COOTHONIEHMEM
Q=CV. (10.2)

[anee, sKcHepUMeHTANBHHN $AKT COCTOUT B TOM, YTO €CJIH MH 10-
JOKUM MeKIy IUIACTHHAME KYCOK HB0JIHPYIOMIEro MaTepHaiaa, Ha-
IpUMEeP CTeRJIa WM IVIeKCHrJaca, TO eMKOCTh BO3pacrer. JTo, pa-
3yMeeTcs, 03HAYAET, UTO IPY TOM JKe BapAAe MOTeHIUAT CTAN MEHb-
me. Ho pasHOCTE mOTEHINATOB €CTH WMHTEIPAN OT DIEKTPUIECKOTO
oS, BRATHI nomeper KOHAEHCATOPA; OTCIONA MBI JOIKHAB 3aKJ -
YuiTh, UTO BIEKTPUIECKOe II0JIe BHYTPM KOHJEHCATOPA CTAIO0 MEHb-
me, XOTA 3aPASH IVIACTHH U He UBMEHIIHNCH.

Ho rak mosxer aro 6mrs? Hawm uspecraa reopema Iaycea, koro-
pas yTBeP:KAaeT, UTO MOJHLIA HOTOK DJeKTPUYeCKOTO MO mPAMO
CBA3AH ¢ HAXONANIVMCH BHYTPY 00beMa DJIeKTPHYECKHM 3apALOM.
Paccmorpnm Bxopamymo B Teopemy ['aycca mosepxuocts S, uzobpa-
sennyo nyartupom Ha ¢ur. 10.1. HHockoanky snexrpudecroe more
B NPUCYTCTBUH AMANEKTPUKA YMEHBINAETCA, MBI B3AKII09aeM, UTO
TOJHHA 3apAfl BRYTPH MOBEPXHOCTH JOJIKEH Temepb GhITo MeHbIle,
yem [0 BHeceHma uzonaropa. OcTaercs ¢oenaTs eMHCTBEHHHI BEi-
BOJ, 9TOHA OB PXHOCTY AUIIEKTPUKA JONKHB HAXOAUThCA MOTOH A~
TenbHbIE 3apAAE. Pas mone yMeHBIIMIOCH, HO BCe /e He 06paTHIOCh
B HYIb, 3HAYUT, ITOT TONOKUTENBHHH 3apAl MeHbINe OTPHIA-
TeJLHOr0 3apAnma B nposoguure. Mrax, aprerue 910 MOKHEO 00bsC-
HUTH, €CIIM MBI II0fiMeM, HoYeMy Ha OHOI IOBePXHOCTH JAUBJEKTDPU-
Ka, DOMENmEHHOT0 B SAeKTPHYeCKOe TOJe, WHIYNUPYETCH MOJOHKH-
TeNbHHI 3apal, a HA APYrod — OTpUIATEeNbLHBIM.
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@ ue 10.2. Ecau nomecmums niqcmunky nposodHuKa sHymps
naockozo kKondencamopa, Hasedenmbie 3apadw obpamsm noae
6 Npo6odHUKe 6 HY.b.

Bce 6pino OBl MOHATHO, ecam OH pedp Ijja O TPOBOSHUKE.
Tlyers v Hac Opn Obt, HADpEMep, KOHAEHCATOD, PACCTOSHEE MEKRIY
ITACTHHAMY KOTOPOTO PaBHO d, W Mbl BeTapwiad OB Memmy DTHMU
TIACTHHAME He3apsAsKeHHBIH NposofHUK Tommuuoi b (dur. 10.2).
DIeKTPHUIECKOe TOJe MHAYIUAPYeT MONOMUTEAbHEI 3apA] HA BepX-
Hell MOBEePXHOCTY W OTPHIATENbHHI 3apsj HA HWKHed mMOBePXHOC-
TH, TAK YTO B pe3yabrarTe I0Je¢ BHYTPY IPOBOJHUKA IIOTAIIAETCH.
Bo Bcex ocTazsHHX MeCTaX MOIe TAKOE ke, Kakoe O5L10 6e3 npoBof-
HUKA, II09TOMY OHO PaBHO TOBEPXHOCTHOM MJIOTHOCTH 3aPAAOB, fle-
JeHHOU HA &), HO PACCTOAHME, IO KOTOPOMY MH JIOJKHHl MHTerpH-
poBaTe, 4TOOH HOJYYIUTh HANpPsSKEHHe (Pa3HOCTH IOTeHIMAJOB),
CTAaN0 MEHBIIe.

Hanps:kenune pasHO

3]
V=E-O(d'——b)

OxoHUuaTeTbHOE BHEpPAKeHMe JuA eMKocTH moxoske Ha (10.1), rpe
d HYKHO 3aMEHUTH PAa3HOCTBIO (d—b):

g4

C=T—wman

(10.3)

EmKrocts yBenmumiach B HEROTOPOe YHMCIO pa3, 3aBHUCHMIEe OT
b/d, ponu oGbema, 3aHATOIO TPOBOTHUKOM.

OrTcrofa MBIl IIOJIY49aeM MoJedb TOTO, 9T0 TPOACXOMUT B OUIIEKT-
pHKaX: BHYTPHM MAaTepHAJIa KMeeTcs MHOMKeCTBO MeIKHX ILDPOBO-
namux croes. bema Takoi Momesu COCTOUT B TOM, 9TO B Heil oJKHA

Due 10.8. Modeav dusack-
mpura; MaieHbKEUe npoeods-
wle wapukrl, 6CMagieHHbie
eHympo udeasvroeo  U304s-
mopa.




IMeTbCH BHIJENeHHAA OChb — IePHEeHAHKYIADP KO BCEM CIOAM, a y
GOJBIINHCTBA AUAIEKTPUKOB TAKOH OcW HeT. ITY TPYIHOCTH, OflHA-
KO, MOKHO YCTDPAHUTDH, IPENIIOJIOKEB, 9TO BCe H30NUPYIOmue MaTe-
pHAJE CONep:HaT MajeHbKUWe HDPOBOAAINNE MIAPUKH, OTIeACHHLIQ
omgHa or ppyroil msoansropom (pur. 10.3). Iloasneunme gusmexrrpn-
9eCKOH OPOHHIAEMOCTH TOTHa 00bAcHAeTCA MelicTBIeM 3apAos, NH-
OyLUPYeMHX B KamKZoM HMapuKe. B 9ToM U COCTOUT OJHA U3 CAMBIX
nepBHX (U3NIECKUX Mofeseil AMIAEKTPUKOB, UPEMIONKCHHAA IS
‘o0bsicHeHNA ABAeHUA, KoTopoe Habmaoman Dapageit. Tounee, npep-
TOJIATAJ0Ch, ITO KKK aTOM MarepHaia ectb HAeaabHHIl IpOBOJ-
HUK, MBOIMPOBAHHBIA OT OCTANLHHX aToMoB. [lusneKrpudecras
OPOHUNAEMOCTh X TOTHA AO/KHA OBLIA OIpefeNsATsCS AOIed TOTO
00beMa, KOTOPHI 3anuMaoT mposogammne mapuku. Temeps, ogHa-
KO, DONB3YIOTCA APYroi MOIeabio.

§ 2. Bexmop noasapuszauyuu P

Ilpogomxug HAII aHanus, M OOHAPY}KEM, YTO HAEA O MPOBONA-
myX U HeNPOBOJANINX yYacTKaX He TAK ViK CYIMECTBeHHa. JI10Goil
13 MaTeHbKUX MIAPHKOR IEMCTBYeT KAK AUIOAL, MOMEHT KOTOPOIO
CO3[aeTcA BHEIIHUM DojieM. [lisi DOHUMAHUA AMAIEKTPUKOB CyIHe-
cTBeHHOH sABJAsieTcsi Wpes O TOM, 4TO B Martepuase Bo3Oy:kmaercs
MHOKeCTBO MajeHbKux pmumoned. Ilouemy onu BO3Oymgarwrea —
TO JAM HOTOMY, 9YTO B MATepHaJe €cTh HPOBOAAMNINE IIAPUKH, TO
IM 10 KakuM-Tmbo [IPYruM IpUIHHaM — a0CONIOTHO Hecylme-
CTBEHHO.

[Touemy mosme mOMKHO MHAYIUPOBATH TUMOJBHEI MOMEHT ¥ aTO-
Ma, XOTA 4TOM He ARAAeTCH mpoBomsmuM mapukoM? M obcymmm
3TOT BONPOC Topasfgo moxpobHee B caegyiomeil Tiiase, Koropas 6y-
JeT IMOCBANEHA BHYTPeHHeMY MeXaHH3MY NHIIeKTPHISCKMX MaTe-
puazos. A ceifgac Msl A3fUM JHUb ORWH IPEMeP, TOJLKO 4TOOHI
NpPOUNIICTPUPOBATE BO3MOKHEI MeXaHU3M, ATOM HMeeT Apo ¢ mo-
JNO/RUTENBHEM 32 PAROM, OKPY:KeHHOe OTPHIATENbHHMH BIeKTPOHA-
mu. B saerTpuYeckoM mome Agpo HPUTATHBAETCA B OLHY CTOPDOHY, a
BIEKTPOHN B Apyryw. OpOuUTH WX WIOTHOCTH BePOSITHOCTH 3JIEKT-
poros (wiu Kaxas-nubo ipyras KapTUHA, UCIOJAb3yeMas B KBAHTO-
BOIl MeXaHUKe) HECKOAIBRO HeRamatorest (ur. 10.4); menTp TaXReCTH
OTPULATENBHHX 34PAA0B CMECTUTCA W Goabine He OymeT COBIANATH
¢ IONOKUTENBHEIM 3apAaoM agpa. Mur y:ke obcympann Takoe pac-
npefielenue 3apAfa. Ecay s3raanyTs HA Hero W3gajeKa, TO mMOf00-
HAA HeHTPaNbHAA KOHQUTYpaNusa B IMepBOM DPHGIMKeHNN dKBHBA-
JeHTHA MAJEHBKOMY HIONIO.

Ecnn mose te uepecuyp BeJHKO, €CTECTBEHHO CYHTATH BEAUTHHY
AHAYIHPOBAHHOTO MUHONBLHOrO MOMEHTA HPOIOPIUOHATIBHON MO0,
NHaue ropops, HeOOIBIIOR TONe CMECTUT 3aPSAL IyTh-4yTh, a Gonee
CHJIBHOE HONe PA3IBHHET UX Jalblie — IPONOPUEOHANDHO BeJUTH-
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Due 104. Pacnpedeaenue oaek-
mpornog amoma 8 AACEMPUUECEOM
noie  cOUZAEMCA  OMHOCUMEALHO
sdpa.

Pacrpedenetue InexmpoHos

He MOoJfA, MOKA CcMeDl@HUE He
craner uepecayp Goapmmm: [o
KOHIIA HTOH IJIaBH MH Oyjem
CUHTATH, UYTO MIUMOJBHEIH MO-
MEHT B TOYHOCTH IIPOIIOPIAG-
HaJeH IIONIO.

[Ipegmoaossum reneps, 4ro
B KQ/KIOM aToOMe 3apAAHl ¢ pPas-
JeJeHs IpOMe:RYTKOM 8, Tawr
4T0 g8 eCcTh MUMONLHEHR MOMEHT
ogHoro aroma. (Mer muimem &, moromMy uro d yike HCHOMB3OBAHO
asst 0603HaveHdsl paccTOAHNA MemOy miacrmHamm.) Ecam s enu-
Hune obbeMa mMeeTca N aToMOB, TO OJunoabHull Momenm 8 edu-
nuye oGvema pasen Ngd. IToT AUDONBHEINA MOMEHT B OJUHUIE
o0bema mu sanumeMm B Buge Bexropa P. Her weoGxomumoctu
MOMJePKUBATH, YTO OH JEKUT B HANPABICHWM BCEX OTHEJBHBIX
* JHOONBHEX MOMEHTOB, T. €. B HAaMpapjleHUNM CMemeHuma 3a-
psanoB O

P = Ngb. (10.4)

Boo6me tosopst, P 6yder MeHATHCA B JURJIEKTPHKe OT TOUKH K
touke. Ho B Kamoll Touke P mpomopnuonaled 3JIeKTPUICCKOMY
moxto E. HoHcTaHTa mpOomOpHoHaJbHOCTH, KOTOpas ompefenseTcs
TeM, HACKOJBKO JIETKO MO}{HO CMECTHUTD 3JIeKTPOH, 3aBUCHUT OT COpTa
ATOMOB B MaTepuaie.

O tom, uTO melicTBUTENHHO OIpefieNsieT noBeeHNe 3TOH KOHCTAH-
TH U CTemeHb €e HOCTOSHCTBA A GONBIINX nojeil, a Takke 0 TOM,
4YTé DPOUCXONUT BHYTPH PA3HKX MATePHANOB, MBI IIOTOBOPAM HO33Ke.
A Toxa MBI TPOCTO MPENDONOKUM, UYTO CYHIECTBYET KaXoii-To
MeXaHu3M, 6iarofapsa KOTOpOMY UHAYHRUDPYETCH TUIONbHLA MOMEHT
THPONOPUUOHANbHLIH 5IeKTPHICCKOMY HOIIO.
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§ 3. INoaapusayuonnwvie sapadvt

IMocmorpuM Temepdb, uTé maet DTAa MOFeNRb OIA KOHIEHCATOPA C
ousaexTpuKkom. PaccMorpuM cHavama JHCT MaTepuana, B KOTOPOM
na efuHUIY o0BbeMa HpUXOAUTCA AumoAbHHI MomenT P. Ilomy-
YNTCA AM B Pe3yJabTaTe B CpefHeM Kaxas-HuOyab DIOTHOCTH 3apsi-
noB? Her, ecaiu P mocrosanen.

Ecnu mosiomurenbHBe M OTpHUATeJbHBIE 3apsSAH, CMEHIeHHEIE
OTHOCHTeJBHO JPYT OPYyra, UMelOT OOHY M Ty jKe CPefHIONn IJIOT-
HOCTH, TO caM QaKT UX CMEMEHUA He IPUBOAUT K IOABIEHHUI CyM-
Maproro 3apaga suyrpm obmema. C gpyroil croponsr, ecau 6w P
B OJHOM Mecre Oul Gombmie, a B APYroM MeHbIIe, TO 9TO 03HAYANO
OB, 9T0 B HEeKOTOpPHIE 00sacTd Monano Goablle 3apAOB, YeM OTTY-
[a BHIILIO; TOTHAA MBI GBI MOIJIM MOJAYIUTH 00BEMHYIO MIOTHOCTD 3a-
psaga. B caydae mIocKoro XOoHmeHCATOPA NpPeAmOmIO;KuM, 910 P —
peJMYuHA HOCTOAHHAA, IOITOMY AOCTATOYHO OymeT TOJBKO IOCMOT-
peTh, uTé mpomexomur Ha mosepxHoctax. Ha opmoit mosepxHocTH
OTPHUI[ATENbHEE 3aPAIH (31eKTPOHE) 30QeKTHBHO BHABUAYAUCE HA
paccrosume 6, a Ha Ipyroil MOBEPXHOCTH OHU CABHHYIMCH BHYTDD,
OCTABMB MOJOKUTENbHBE B3apANH CHAPY:RM HA 3@PeKTUBHOM
paccrosanm 6. Bosnukaer, kak mokasaHo Ha dur. 10.5, mosepx-
HOCTHAS IUIOTHOCTH 3apsafoB, KOTOPYH MH OyfieM HasHBATh
ROASAPUSAYUOHHBIM 3aPATOM.

70T 3aPAJ MOFKHO IOICIATATD CaenyomuM obpasoM. Eciau mio-
mafhk MJIACTAHKA paBHa A, TO YHCIO 31eKTPOHOB, KOTOPOe OKa-
jieTcA Ha HOBePXHOCTH, ecTh npoussenenune A m N (ducaa saexrpo-
HOB HA efHHHIY 006beMa), a TAKMKe cMemeHHA 8, KOTOPOe, KaK MBI
npepmosaraeM, HAOPABIeHO NEPHeHAUKYNAPHO K TOBEPXHOCTH.
Ionuwii 3apAg HONYINTCA YMHOMKEHHEM Ha 3apA/l DIEKTPOHA (.
Yrobs RaiTH NOBEPXHOCTHYH IJIOTHOCTD HOJAPH3aUMOHHBIX 3a-
pANOB, MANYIHPYEMYI Ha IOBEDXHOCTH, pasfenuM Ha A. Benu-
YHHA TOBEPXHOCTHOH IUIOTHOCTH 3apANOB PaBHA

ono:x:qué'
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@ue 10.5. Hduoaermpur 8 odnopodHon noae. «

IToroxcumeanusie 3aPAOH  CMecTMUAUCG HA paccmoanue & dmuocu-
MEALHO OMPUYAMEALHBIX .
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Ho ona pasma xak pas gause P Bexrtopa mogspusanuu P [Gopmy-
aa (10.4)]:
0-no:xZP' (105)

TloBepxHOCTHAA MIOTHOCTL 3apAAO0B PABHA HOJAPHU3ANAU BHYTDH
maTepuana. IloBepxHoCTHHI 3apsAfl, KOHEYHO, HA OFHON HOBEpPX-
HOCTH HOJIOKMTENEH, a Ha APYToil OTPHUATENEH.

IpeamoxossuM TeHephb, 9TO HALIA IIACTHHKA CIIYRAT MUAICKTPH-
KOM B INIOCKOM KOHAeHCaTOpe. Jliacmuns ROHAEHCATOPA TaKKe UMe-
10T HOBEPXHOCTBEIA 3apAn (KOTODHIA ME 0003HAYUM G 4.4, HOTOMY
uTOo 3apANH B HPOBOJHWKE MOILYT ABUTATHCA «CBOOOMHO» KyHa
yroamo). Komeuno, 310 TOT caMBIl 3apsf, KOTOPHI MBI COOOIIAIA
KOHJIeHcaTOpy TpH ero 3apsanxe. CiegyeT MORYePKHYTDH, 4TO O, .
CYIIECTBYET TOXBKO OIATOXAPSA O yo¢. ECIU, PABPAAUB KOHIEHCATOD,
VHAIUTD Oyoq, TO Oy, TAKKE HCIE3HET, HO OH He CTEeYeT IO HPOBOJIO-
Ke, KOTOPOW pPa3psiKaioT KOHIEHCATOD, a YHAeT Ha3ajg BHYTPh Ma-
Tepmaja, 3a C4eT pPEJTAKCAIlMH HOIAPHU3AIMU B [UIJIEKTPHKE.

Temeps MBI MO}KeM HPHMEHHUTH TeopeMy ['aycca K mosepxHOCTH
S, m3obpasxennoit Ha ¢ur. 10.1. dxexrpuueckoe moxe F B qusiext-
pUKE PaBHO RO4HOU IMOBePXHOCTHOH IITOTHOCTM 3APA0B, HeleHHOH
Ha &, OueBHAHO, UTO O, M O, s UMEIOT DasHHE 3HAKH, TAK 4TO

Ocpog—0
E: CBO noJI . .
S (10.6)
3amerbTe, uTo mose Ky MEKAY METANAHYCCKON MIACTUHON M IO-
BEePXHOCTBI) [M3JIeKTpuKa Ooxpme mons FK; 0HO COOTBETCTBYeET
TOXBKO O ¢. 0 Bac 37ech HHTEpecyeT oje BEYTPU JHIIEKTPHKA,
KOTOpOe 3aHMMAeT HOUTH Bech 06bEeM, €CIU TUINEKTPHK 3aHOJIHACT
MOYTH BECh IPOMERYTOK Me:RAYy miacTuHamu. cemonbsys dopmyay
(10.5), MO;kHO BAOMCATH
0, —P
E =8 (10.7)
€
N3 3r1oro ypaBHeBHS ME HE MOKEM OIDPEAETHUTH IMEKTPUICCKOO
mosie, MOKA He y3HaeM, geMy pasHO P. 3xech MbI, OfHAKO, IpeIHO-
aaraeM, aro P sasucur or E m, Gomee toro, mpomopruonanpuo E.
dTa MPOHOpPIUOHALHBOCTh OORIYHO 3ATIMCHIBACTCA B BHUJIE

P=ye,E. (10.8)

Hocrosguuas y (rpedecKoe «Xu») HABHIBACTCA JUIICKMPUUECKOTL 60C-
RPULMHUSOCIbI0 THITEKTPHKA.
Torpga supamenue (10.7) npuoGperaer Bux

— Ocpos 1
Bt e, (10.9)

OTKyAa MH OoxydaeM MHo:mutexnb 1/(1-}y), morasmpamomui, BO
CKOJIBKO Pa3 yMEHBIIHIOCH IIOJIE.

202



Dua 10.6. Kosuuecmeo sapsada,
npoweduee uepesz siemenm 6006pa-
scaemoti noseprmocmu 8 Ousierm-
DUke, NPONOPYUOHAILHO KOMNOHEH~
me P, nopmasvrol k nosepxrocmu.

Hanpsaskenne Mexgy ImiacTHHAMHE €CTh WHTETDAX OT 3JEKTPH-
9eckoro moad. Pas moae opHOPOAHO, MHTErpal CBOAUTCS HPOCTO
K npousseneHu0 K m paccroanma me;xpy miaacrtmHamu d. Me mo-
JygaeM

V = Ed = Ocpos &
go (1-+%)

Ionuetit 3apsn KoHAeHCATOPA €CTh O, A, TAK 4TO eMKOCTh,
onpefexnsieMas Qopmymnoi (10.2), oxasmsaerca paBHOH

C— ggd (14%) :'K,EOA
d d

Mur ofbscEHMIE sBieHue, Habamogasmeecs Ha onmere. Ecan

BAMOJHATh LJIOCKHH KOHIEHCATOP [UAIEKTPHKOM, €MKOCTh BO3-
actaeT HA MHOKUTEIH
P x=1-11, (10.11)

KOTOPHIl XapaKTepH3yeT cBoiicTBA MaHHOTrO Marepuaia. Haime
00bACHeRNe OCTAaHeTCA, KOHEYHO, HEMOJHEM, ITOKA MBI He 00BbACHUM
(a 3TO MBL CHEJIAEM TIO33HE), KAK BOBHUKAET ATOMHANA MOIAPU3AINA.

ObGpaTtuMca Temepb K 4yTh 0o0Jee CIOKHOMY CIyUar — KOTIA
moxsapusanuss P He Bciomy oxmHakoBa. ME yiKe TOBOPMIH, YTO
€CaN TOJAPHU3ANUA HENOCTOSHHA, TO BOOOIE MOKET BO3HHKHYTH
00beMHAA ILTOTHOCTH 3apAaa, HOTOMY 9TO ¢ OJHO# CTOPOHH B Ma-
JCHBKHIT 3JieMeHT 00beMa MO;KeT BOWTH 00JbIlle 3apAL0OB, YeM BHIH-
mer ¢ gpyroii. Iark ompegenuTh, CROIBKO 3aPAAOB TEPAETCA MWK
npuo0peraercA B MaleHbKoM oOBeme?

[TogcumraemM cHa4ada, CKOMIBKO 3apAN0B IPOXOLUT Uepes BooO-
PAKAEMYI0 ILIOCKOCTHh, KOTJA Marepumasa moJaspusyerca. Homm-
YCCTBO 3apAAa, HPOXOfsliee dUepe3 IOBEPXHOCTh, €CTh WPOCTO
P, yvHO;eHHOe HA IUTOMAJh IOBEPXHOCTH, €CAM MOAAPU3AIUA
HapaBIeHa HO HOPMAAW K MOBEPXHOCTH. PazyMeercs, eciam IOJs-
pu3anus Kacamedbha K MOBEPXHOCTH, TO 4epes Hee He mpolper
HHM OHOIO 3apspa.

Ilpomoaskaa mpexHUE PACCY/RICHUSA, NETKO MOHATH, YTO KOJH-
4eeTBO 3apsAfa, IIpolliefmee depes Hi000d 3JIeMeHT IIOBepPXHOCTH,
T PONOPIMOHANBHO KoMmnonenme P, neprenduryaapnoii K IOBepX-
pocru. CpaspuM ¢ur. 10.6 m 10.5. Mm Bugum, 4T0 ypapHEHHE
(10.5) B 00meM crydae HOJKBO OHTH 3alHCAHO TaK:

0yos=Pn. (10.12)

nox

(10.10)

203



N NN
ﬂuz\'re,vmbx N\ \ ‘

Du2 107, Heodnopodrasn
noaspusayus P moxmcem npuso-
Oumob K noagienuio pesyiomupy-
wue0 sapada enympu Ousser-
mpuka.

Ecnu MB mMeeM B BUAY BOOOPA;KAEMHI 3JIeMEHT IIOBEPXHOCTH
enympu AusNeKTpUKa, To gopmyina (10.12) maer sapsp, KoTopsiil
Impolliell Yepes HOoBePXHOCTH, HO HE IPABOTHUT K Pe3yIbTHPYIOIIEMY
TOBEPXHOCTHOMY B3apAAY, HOTOMY YTO BO3HHKAIOT pPAaBHHE W IIPO-
THBONOMO/LHO HANPABJEHHHE BKIAMH OT [UIJIEKTPpHKA mo 0fe
CTOPOHHI MOBEPXHOCTIL.

OnHaxo cMeIleHHWe B3aPSAA0B MOKET IPUBECTH K IIOABIEHHIO
00veMmHOl TIOTHOCTH 3apsanoB. IIoMHHEA 3apAd, BHABHHYTHIR U3
obbseMa V 3a cuer mMONAPHU3ANUH, €CTh MHTErPajJ OT BHEIMHEH HOP-
ManbHON cocrasiAnmei P mo mopepxmoctm S, oXBaTHBAOMIei
obsem (ur. 10.7). Takoi ke u3AUIMEK 3aPANOB I POTHEOMOJOKHEOTO
sgara ocraercsi BHyTpu. O603HAYAA CyMMapHHE B3apAfx BHYTPU
V gepes AQ,,,, sanmimeM

AQuoa=— {P-nda. (10.13)
S

Mu momem ormectm AQ,,, 3a cdeT 0GBEMHOTO paclpefeneHHs
8apAga ¢ IUIOTHOCTBI Py, TaK UTO

AQuox = puoadV. (10.14)
v

HomGunupysa o6a ypasHeHUs, IoJyuaeM

Spnondvz— SP-nda. (10.15)
v 3

ME nDonyumam pPasHOBHAHOCTH TeopeMil I'aycca, CBA3HBAIOMIYIO
IVIOTHOCTH 3aPAJA HOJSPA30BAHHOTO MATEPHAZA C BEKTOPOM TOJA-
pusamuu P. Mer BuguM, 910 OHA COTHAACYETCS € PE3YIbTATOM,
NOJYYEHHRIM I MOBEPXHOCTHOTO MOAAPH3AMMOHHOTO 3apAfa MIn
e JUIA DUIJIeKTPUKA B IMIIOCKOM KoBjeHcartope. ¥ pasHenue (10.15)
¢ rayccoBoil moBepXHOCTHIO S, maobpaykenmoil Ha ¢ur. 10.1, maer
B IPABOM JacTH WHTEI PAX IO MOBEPXHOCTH, pasBHT P AA, a B nesoi
9acTH 3apAf BHYTPH 00BeMa OKA3HBAETCA Oh,, AA, TaKk uTO MBI
CHOBa mojpydYaeM ¢ = P,
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TouHO TaK Ke, KaK MH fAeJajm B caydae saxoma [aycca ans
DIEKTPOCTATHRKY, MH Mo;keM Hepeiits B ypasaenmu (10.15) x mmd-
depernuanbHOl (opMe, TOAB3YACH MaTEeMaTHIECKOH TeopeMoil
Taycea:

{Pnda={v.Pav.
S 14

Mu nonyuaem
Prox=—VY -P. (10.16)

Ecau moxspmsaliuA HeONHOPOJIHA, €€ IMBEPreHIMSA OMmMpeseaser
TMOABIAIOMYIOCA B MATePHANIe PE3YABTHUPYIOMYI HWIOTHOCTH 3aps-
poB. IloguepkHeM, 9TO 5TO COBCEM HACMOAWASL TIOTHOCTH 3aPAKOB;
Mbl Ha3HBAEGM €€ «IOJAPU3ALMOHHBIM 3apPAJOM», TOIBKO UTOOSI
IOMHATH, OTKYHa OHA B3AJIACH.

§ 4. Vpasnenusn saexmpocmamuru
0asn GuIAeEmpPuros

IlaBaiite Temeps cBAKEM IONYy4YeHHEE HAMH PesyNbTATH C TEM,
4TO MH YK€ Y3HAJH B daeKRTpocTaTuKe. OCHOBHOE yPABHEHHE HMEET
BHJ

V.E=2, (10.17)

g’

rae O — INIOTHOCTH 6cer 3JIeKTPHYeCKMX 3apsaAmos. IlocKoabry
VCIAeMHTh 33 MHOJAPU3AMMOHHEIMM B8aPAAAMEH HEmpPOCTO, YA0GHO
pas6burs p Ha Ase gactu. OGo3Ha4mM CHOBA Uepes p.,, BapPALH,
HOABAANAECA 32 cYeT HeOTHOPONHON HOMXAPHIAIMNA, & OCTAIBHYIO
YacTh HABOBEM Q55 OOHYHO Py, O3HATAET 3apAX, cOOOMIAEMEIIL
MPOBOJHUKAM WJIH pacIpejeleBHNH H3BeCTHHM 006pasoM B mpo-
crpagcrse. B arom caywae ypanmenme (10.17) mpumoGperaer Bup

V.E= pcno6+pnozx: Peaos— V P
€& - - €9 ’
nin

V-(E—[—{;):M. (10.18)

€y
Ypasaeune mma poropa or K, KOHeYHO, HE MEHAETCH:
V x E=0. (10.19)

Mopcrapraa P us ypaBHeHmI (10.8), mosmywaem 6Gosxee mpocroe
YpaBHCHEHE:

V. [(1+X)E]_V (E) =Pt (10.20)

ITO U €CTh YPABHEHHA 3XEKTPOCTATHKHA B HPHCYTCTBUH THAIEKTDH-
KoB. OHm, KOHeYHO, HE AT HAYEI0 HOBOTO, HO MMeOT BHJ, Gojee
VAOOHBHA /I PACYETOB B TEX CJAYYAAX, KOTAA pcBo6 HW3BECTHO, a
nonapnsaum P npouopunonanbua,E B :
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3aMeTbTe, 9TO ME Be BHTANIWIY (KOHCTAHTY» IMdJIeKTPHICCKOM
TNPOHUIAEMOCTE % 34 3HAK AWBEPreHUUH. JTO MOTOMY, 4TO OHA
MokeT He OHTH BCIOAY oguHaronoi. Ecian ona moscway ogusaxosa,
TO e MOJKHO BHIIEUTH B KA9eCTBE MHOKUTENA U YPABHEHUA CTAHYT
B TOYHOCTH OOHYHHMH ypPABHEHHSIMHA DICKTPOCTATHKH, I7le TOIBKO
Depog BY/KHO IOZeNHTh Ha %. B mammcamEHOW HaMm ¢opMe ypaBHe-
HEHA TOZATCA B o0meM ciydae, KOTHA B PasHBEIX MecTaX HOJA pac-
HOMOKeHbl PASHEE TUIIEKTPUKUA. B Takmx caydagx peimidTh ypaB-
HeHusA MHOrAA OHBAET OYeHb TPYMHO.

3xech caefyer OTMETATH OXUH MOMEHT, MMEIOIUA MCTOPUIECKOO
sgauenme. Ha 3ape posKpeHMA DeRTpAYECTBA ATOMHHBIA MeXaHH3M
OONAPU3ANY He OB eme H3BECTEH H O CYMECTBOBAHHH [, He
BHAZU. SAPAA P,u,q CIMTAICA PABHHEM Beell IIIOTHOCTH 3apPAIOB.
Urobm mpupgarh ypasmenumaMm Makcseana nmpocToil BUI, BBOAWIK
HoBbil BekTop D kar ammelinylo kombumamuio E u P:

D=¢,ELP. (10.21)

B pesyusrare ypasrnenms (10.18) u (10.19) sanucuBanucs, B 09eHb

HpPOCTOM BHfE:
V-D=p g VXE=0. (10.22)

Mosuo am ux pemurs? ToJNbKO KorTha 3agaHO TpeThe ypaBHEe-
aue, cBasuBaomee D u E. Ecau cupasegaueo ypasuenue (10.8),
TO 3Ta CBA3b €CThb

D=¢,(1+7%) E=x¢gE. (10.23)
Hocnepnmee ypaBHeHHE OOHYHO 3amUCHBACTCA TaK:
D —¢E, (10.24)

Ie & — eme OfHA MOCTOAHHASA, ONMUCHBAKINAS TUIIEKTPUICCRAO
cBoifictsa maTepramos. OHA TaK)Ke HA3BKIBARTCHA (I POHUIAEMOCTHIOY,
(Temeppb Br moBMMaeTe, MoYeMy B HAIIUX YPAaBHEHHAX IIOABUIOCH
&, 9T0 (IPOHHUIAEMOCTb HYCTOT0 HPOCTPAHCTBAY.)

Ouesusno,

e=ung,=(1-+X)sg,. (10.25)

Ceifuac MH paccMaTpuBaeM DTH BeIIH yie ¢ JAPYToil TOUKH
3peHAs, 4 AIMEHHO 9TO B BAKYYME BCETJA MMEIOTCH CaMble IIPOCTHIe
YpaBHEHUA, W €CIAM B KAKIOM CAyYae YUecTh BCE 3apAMABI, KAKOBA
61 Hu OBHIZIA HPHYKMEA OX BOSHUKHOBEHHA, TO OHH BCETA CHpAaBe/-
nuBs. Brifienas wacth sapamos nubo u3 coobpamenuii ygobGeTna,
aubo HOTOMY, 9TO MH He XOTHM BHHKATH B AETAJN HPOIECCA, MEI
BCeTAa Mo;keM HPH JRelTAHMH HAONCATH YPaBHEHHUA B JOGOHE ymol-
HO 77 Hac ¢opme.

CroenaeM eme oOfHO sameuamume. ¥YpasmeHme D = zE mpen-
cTaBasfAeT co0oll MOOBITKY OMMCATEL CBoiicTBa BemiecTBa. Ho Beme-
CTBO HCKAIYHUTENBHO CHOKHO IO CBOGl HpHpode, M MmOTOOHOE
ypaBHeHHMe Ha caMoM [eje HempaBwibHO. Tak, ecim E cravo-
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paTcA 09eHb GonbmmM, D mepecraer GhITh TpomopumonanbHuM E.
B HexoTOpHX BemlecTBAX NPOMOPUHOHAIHLHOCTH HADPYNIAETCA Yike
OpH JOCTATOYHO CAa0HX momax. HpoMe Toro, «romcraHray mpo-
TOPIHOHAJBHOCTH MOMKEeT 3aBHCeTh OT TOT'0, HACKOIBKO GHICTPO
E mensiercsi co spemeneM. CreoBaTeIbHO, YPABHEHHE TAKOrO THOA
€CTh He4TO BPOfe NPHOAMKEHHOro ypaBHeHUsA Tuna sakona I'yka.
OHo He MoskeT OBITH riyOokuM, (PYHIAAMEHTAIBLHEIM ypPaBHCHHEM.
C gpyroit cropomsl, Hamu ocHoBHEE ypabHenma mia E (10.17) n
(10.19) BHpaskawT Baumboree HOJXHOe W TIayGoKoe ITOHMMAHUE
BIEKTPOCTATUKI.

§ 5. ITorn w cuavt 6 npucymemsuu dUINeKMPUKOE

Msr jjovazkeM ceifaac paq M0BOABHO OGIIMX TEOPEM 3IEKTPOCTA-
THKM IS TeX CJaIy9aeB, KOIA MMEIOTCA IUANeKTpuKu. Mur yixe
BULETH, YTO EMKOCTh TIUIOCKOTO KOHAEHCATOPA IPU BAMOJIHEHUH
€ro AW3IeKTPHKOM YBeJIHUMBAETCA B OLPEJeNeHHOE THCIO Paa.
Ceflgac MOKHO IOKA3aTh, YTO HTO BEPHO A eMKOCTH 10601 O PMBHIL,
ecIW Bea o6aacTh BOKPYD [ABYX IPOBOJHMKOB 3aHOJHEHA OXHO-
PONHEIM JIWHEHHHIM [HITEKTPUKOM. B oTcyTeTBHE AMAIEKTPHKA
YPaBHeHHA, KOTOPEE Tpeldyercs pemiuTh, Tarue:

V-Eoz"_gé #  VXE, =
Horma nMeerca qUANERTPHUK, MEPBOe W3 3THX yPABHEHHI U3MeHAET-
cA, W MK TOXydaeM

V. (xE)=fm08 gV x E=0. (10.26)

0
Hlanee, moCKOMBRY MEL CUMTaeM ¥ BCIOAY OMMHAKOBOI, MOCIEIHMO
[BA YPABHCHHA MOJKHO 3AIMCATH B BHJIE
V. (xE)=L08 oy Y x (xE)=0. (10.27)
0

CremoBatenbuo, maa xE moxyuamTcs Takme ke ypapHeHHUd,
xak s E;, u Torja orn mMeror pewenue xE = E,. [Ipyrumu cio-
BAMH, IIOJIe BCIOAY B % Pas MEHbIE, 9eM B OTCYTCTBHE [UDJIeKTPHUKA.,
ITockoTbRY pPABHOCTH MOTEHIIMAJIOB €CTh JUHEHHHI HHTErpax oT
Moas, OHA YMeHBIIUTCA BO CTOJBKO K€ pas. A Tak Kax s3apAx Ha
9JAEKTPOJAX KOHAEHCATOPA B 000MX CIyYaAX TOT ;Ke CAMEIH, TO
ypasHerne (10.2) rosopur, 9T0 eMKOCTh B IPHCYTCTBHH BCIOLY
OZHOPOJHOTO NM3JIEKTPUKA YBEIMYMBAEGTCA B X pas.

SaflaTAMCs TeNeph BOMPOCOM, KAk BaamMofeiicTBYIOT 7Ba 3a-
PAXEHHHIX NPOBOAHUKA B [OH3JeKTpuKke. PaccMoTpUM RUIKHA
JAHM3JIEKTPHUK, MOBCIOAY ofHOpommHi. M y:kKe BAIexnm paHbIIe, 4TO
OfMH U3 cmocoboB HAMTU cuiy — 370 HpoauddepeHIEPOBATH DHEP-
THI0 O COOTBETCTBYIOIMEMY paccrosinuo. Ecam sapamnl Ha mpo-
BOAHUKAX pPAaBHH M TPOTHBOMOJOKHH [0 3HAKY, TO JHEPTHA
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U = Q¥2C, te C — ux emrocth. C moMompio HPUHIMIA BHP-
TyaJbHOI paGoTH J1106ad KOMIOHEHTA CHJIH MOJMYy9aeTcsl HeKOTOPHIM
nuddepenHEpOBAENEM; HAOpUMep,
2
Fo=—3=—%w (%) (10.28)
z dz \ C
ITocKONbKY AUAMEKTPUK YBEAMYHBAET €MKOCTH B % pas, Bce CHIILL
yMeHblLames B TAKOE JKe YHCIO pas.

OpHaxo Bece »To He Tak mpocto. CKasaHHEOE CHOPABETIUBO,
TOABKO eChH HUINeKTPUR jxumkmii. JlioGoe mepememenue mpoBoj-
HUKOB, OKPY/KeHHHX TBEDPABIM [H3INEKTPHUKOM, H3MEHAET YCJIOBHSA
MeXaHHYeCKHX HAOPAKEHUA B [UIICKTPHKE H €Tr0 BIeKTPHYCCHHE
¢cBolicTBa, a TaKKe HECKOAHKO MeHAeT MeXaHWYecKyio DHepIHio
AusIeKTpuKa. J[BmiKeHHe HTPOBOJHMKOB B JHKHIKOCTH HE MeEHseT
CBOMCTB jRUAKOCTH. HUIKOCTD mepeTeRaeT B APyroe MecTo, HO ee
BAEKTPMYECKUE CBOMCTBA 0CTATCA HEM3MEHHHIMIU.

Bo Mmormx crapelx KHATAX IO DJIEKTPHUIECTBY H3IO0/KeHHe Ha-
YUHACTCA ¢ «OCHOBHOTOY 3aKOHA, IO KOTOPOMY CHA, AelcTByOIAd
MEKJLYy NIByMsA 3apsAgaMH, eCTb

9192
= et (10.29)
a 5Ta TOYKA BPEeHHA abCOXITHO HempHeMmiema. Bo-mepsrix, 5TO0
HE BCEIJa BepHO; BTO CIPABEJIHMBO TOJIBKO B MHDE, 3al0JIHEHHOM
JKAIKROCTRIO; BO-BTOPHLX, TAK MOJXYYAeTCA JUIIL JJIA MOCTOAHHOTO
BHAYEHHUSA %, 9TO I OOABMIMHCTBA PEATbHEIX MATEPHAJNIOB BHI-
TMOJHAETCA OPHOIMKEHHO.

Topasmo merde BAaUMHATE CO BCerJa CIPAaBEIABOrO (JJif HEHOJ-
BIJKHEIX 3apANOB) 3aKoHA Hymona oA sapAmoB B sakyyme.

Yro j;xe mpomcxofmr ¢ sapanamum B TeepmoM teme? Ha aro
TPYAHO OTBETHTH, MOTOMY 4YTO [ajke HE BIOJHE fACHO, O YeM
aner pedb. EcaAm BH BHOCHTE B3apAIN BHYTPHh TBEPIOro MHIJEK-
TPUKA, TO BO3BHHKANT BCAKOr0 pOfa AABJICHAA M HANPAKEHHA.
B me wMmoskere cumTats paboTY BHPTYAXbHON, HE BRJIYUB
CIOfIa TAKKe MEXaHWYECKYI0 DHEePTHIO, HEOOXOMUMYI0 IJIA CKATHA
Tela, a OTAMYUTL OLHOSHAYHHIM 00PAZOM DIEKTPHUYCCKAE CHJIH OT
MeXaHMYIeCKUX, BO3HUKAONIMX 3a CYET CAMOro MaTtepmaja, Boolbme
FOBOPA, OYeHb TPYAHO. K cuacrbio, HUKOMY Ba caMoM [exe He
OblBaeT HY;KHO 3HAThb OTBET HA HPEJIOMKeHHHA Bompoc. WMHorma
HY;KHO 3HATH BCIMYNHY HATSIKEHMI, KOTOpHIE MOTYT BO3HHKHYTH
B TBEDIOM Tese, a 9TO MOJKHO BRUHCKATH. Ho pesyabraThl 3iech
OKAa3EBAIOTCA IopPasfo CIO3KHee, YeM IIPOCTOHA OTBET, IOJYYEHHHIT
HAMHU JJIS SRUAKOCTEIl.

HeoxuTaHHO CIOKHON OKABHBAGTCA cleqyoIHas Ipobiema B
TEODHN TUIJTEKTPHKOB: MO4YeMy BapAKEHHOe Texo Hopbmpaer Ma-
JMeHbKUE KYCOYKH AU3IeKTpuKa? Ecim B B cyXoi#f JeHb mpUUYeCH-
BaeTeCh, TO Balla pacdecKa IIOTOM Jierko GymeT mog0upaTh MaleBh-
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Kme Kycouxu Oymaru. Ecim Bw He BEyMaamch B TOT BOmpoc, T0,
BEPOATHO, COUTETE, UTO HA pACUeCKe 3apaAmil OFZHOr0 3HAKA, 4 HAa
oymare nporusomoiosxaoro. Ho 6ymara pems Obra cHagama snert-
paYecKH HeATPAJBHOH. ¥ HEe HET CyMMAapHOTO 3apAla, a OHA BCO
se npurarmpaerca. llpasga, WHOMMA 6GYMAKKE TOZCKAKUBAIOT
K pacuecke, a 3aTeM OTIETAIOT, CPa3y Ke OTTAIKMBAACH OT Hee.
Hpuunna, KOHEYHO, 3aKIKUYaeTcA B TOM, YTO, KOCHYBIIUCH pac-
qecKi, OyMara CcHAJAa ¢ Hee HeMHOTO OTPHIATeIbHLIX 3apATOB,
a OTHOMMEHHEE 3apsAAHE OTTANKHBAalOTCA. HO 3TO Bee eme He raer
OTBeTA HA IepBOHAYANBHEII Bompoc. llpe:me Bcero, mouemy 6y-
Ma;RKH BoOOUIEe HPHTATHBAIICA K pacuecke?

OTBeT 3aKIIOYAETCS B LOAAPUIANUA JHDICKTPHKA, IIOMEIIeH-
HOI'0 B BleKTpHIecKoe mojge. BosHURANT HONA pU3ANMOHHEe 34 PAIE
0o00uX BHAKOB, NPUTATHBAeMble H OTTAXKHBAEGMBIE pacuecKoi.
Opmako B pesynbraTe mOJYYaeTcAd IPUTAKEHNE, IOTOMY 9TO HOJe
T0GIM30CTH OT PACYeCKH CUIbHEee, 9eM BIAJHU OT Hee, Be[b pacuecka
He OecronewHa. Ee sapapn moxanmsaosan. HelirpadbHHEE Kycouer
GyMary He NPUTSAHETCS HHE K OZHOH U3 NapajlelbHHX IJIACTEH
KoHpeHcaTtopa. VaMeHeRHe HOJIA COCTABIACT CYIIECTBEHHYIO YaCTh
MeXaHHU3MA TPHTAKEHUA.

Kax moxasano Ha ¢ur. 10.8, nmsmextpur Bcerga crpemmrcsa
n3 obuaactm ciaboro mois B o6iaacTh, rie moJde cHiAbHee. D neii-
CTBUTEXBHOCTH MOJKHO IIOKa3aTh, YTO CHIA, [eHCTBYIOmAA HA
Majpie 00BEKTH, NPOMOPIUOHATBHA TIPAjHEHTy Keéadpama DJIeKT-
puueckoro nmosxfA. [logemy oma saBucur ot kBagpara moas? [Toromy
9TO MHAYIMPOBAHHEIE HOJAPU3AIMOHHEEE 3aPA/L MPOHOPIHOBATh-
HE IIOJNAM, a J7A JAHHEX 3aPAJ0B CUIK TPONMOPONOHAILHE IIOJIO.
Omnaro, KaK ME Y)Ke YKa3HBAIHN, De3yivMupyioyas cuia BO3HU-
KaeT, TOAbKO €CAU KBAZDAT IHOIA MEHAETCA OT TOUKHM K TOUKe.
CiemopaTeapHO, CHIA TPONOPIMOHATFHA TPATUCHTY KBAIPATA MOJA.
Koncranra 1pomopnuUOHATBHOCTH BRIIOYAET MOMUMO BCETO IPOYEro
enie AUOIEKTPHYCCKYH HIPOHMIAEMOCTh JAHHOTO TeJa M 3aBHCHT

TaKKe OT pasMepoB u QOPMEH Texa.

’ E
Dy 2 10.8. Ha dusaekmpur ¢ F -
neodHopoOHoM nose deiicmeyem Rx\
cuaa, HANPABAEHHAL & CMOPOHY N
obaacmeri ¢ Goabuwiell HanpaxceH- X
HocHibio noAd. \

Auanexmpux
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Due 10.9. Cuaa, dedicmeywwyas Ha OudAeKMPUK @ nao-
cKo) EoHdeHcamope, modcem Gumb SHUUCAEHA € NOMOULLIO
8aKOHA COTPAMENUSR dHepeUll.

Ectb eme onna Onmskas 3agada, B KOTOPOH cuia, melicTByomasn
HA JIMQJOKTPHK, MOKeT OHTH HafifleHa TouHO. Ecam MH BO3bMeM
MI0CKHUH KOHFEHCATOP, B KOTOPOM ININTKA JH3JIEKTPHKA 3aIBUHYTA
amme gacruamo ($ur. 10.9), To BO3HEKHeT cmia, BABHUTAIOAsS
AMIIEKTPUK BHYTPh. llpoBectn peTasnnHOe HCCIEIOBAHNE CHIIH
OYeHb TPYAHO, OHO CBSA3AHO C HEOAHOPOZHOCTAMH IOXA BOIU3H
KOHIIOB TUATeKTPpUKa 1 miactun. OQHaRo ecil MBI He WHTepecyeMca
JleTaIAMH, 4 HPOCTO MCHOMB3yeM 3AKOH COXPAHEHHSA JHEPrHH, TO
CIJIY JIerKO BHIYUCIUTH. MH MOREM ONpeflelIUTh CUIAY ¢ IOMOIIbIO
panee BrBefenHoli (gopmynan. Ypasuenme (10.28) srpmBaieHTHO
TAKOMY:

il V2 ac
Fx=—5;=—|-?5;. (10.30)
HaM ocranocs TONBRO HaliTH, KAK MEHAETCA eMKOCTh B 3aBHUCH-
MOCTH OT TOJNOMKEeHUA IIUTKH UAIEKTPHKA.

IIycth momHAs AJAMHA INIACTMH eCTh [, mMEpWMHA HX paBHA W,
pacCcTOAHME Memy IUIACTHHAMM U TOJMMUHA JHIJEKTPHKA pPaBHA
d, a paccTosgHme, HA KOTOPOE BIBUHYT IUAIEKTPUK, ecTh Z. EMKocTh
ecTh OTHOIIEHHe MOJHOT0 CBOGOMHOTO 3apAja HA INIACTHHAX K
PasHOCTU TOTEHIMAIOB Me;KAy IiaacTHHaMH. Brrme mer supenwn,
4T0 TPWM AAHHOM HOTeHnuaze V HOBEepXHOCTHAA IIOTHOCTH CBO-
OomHBIX 3apsAfoB paBHA %&,)[d. CiemoBaTelqbHO, IONHHIA 32PN
IUTACTHH PaBeH

Q= “eoV oy +E—"[’;z (L—x)W,

d
OTKyI],a MEl HaXOIMM EMKOCTH
C;EOTW(%HL—JC). (10.31)
C momompio (10.30) momyuaem
Fo="707 (n—1). (10.32)
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Ho moassm or dTOr0 BEHIpakeHHWs He 09eHb MHOTO, pa3Be TONHKO
BaM NOHAJOOMTCA ONpEfeNuTh CHAIY HMEHHO B TaKMX YCIOBHAX.
Mui xoTeln Ammb IHOKA3aTh, UTO MOMKHO Ioguac ma3be;xarh cTpani-
HHX OCIOKHEHHH TpH ONpeTeleHMH CHJI, JeHCTBYIOmMHAX Ha Mu-
SIEKTPURE, €€Jid I0ib30BATHCA PHEPIHell, KaK 310 OLIO B HACTOS-
ieM ciygae.

B pameMm m3mokeHHM TeopUH AU3IEKTPHKOB MH HMEIH €10
TONBKO C IEKTPAYCCKUMH SABJICHUAMHI, NPUHHMAA Kak (akT, 910
HOASPABANMUA BeMecTBA MPOMOPINOHAAbHA IEKTPUUECKOMY HOXIO.
IMouemy BospEKaer Taxas OpPOoHOPHUOHATIBHOCTH — BONPOC, Ipef-
CTABAAIOMMA, noskanyli, eme OonbIEi wHTEpeC AAA (QHIUKH.
Crour WaM MOHATH MEXAHU3M BO3HUKHOBEHHUS IUAJIEKTPUIECKOR
OPOHWI[AEMOCTH ¢ ATOMHON TOYRH 3peHUA, KAK ME CMOAKEM HCHOJdb-
30BATH H3MEPEHHUA RUIIEKTPUICCKOH MPOHMIAEMOCTH B WU3MCHSAN-
MUXCA YCIOBHAX A HOJTYYeHHS NOTPOOHHX CBeleHHil 0 CTPOeHHN
ATOMOB W MOJEKYJ. ITH BOIPOCH OYmXyT YaCTHYHO H3JIO/KEHH B
clIeIyIOmIeR rJiase.



raaoa 11

BHYTPEHHEE YCTPOMCTBO
AUAJIEKTPIKOB

§ 1. Moaexyaaprote dunoaw

B »roil rmape MB TOrOBOPHM O TOM, MOYEMY
BellecTro OHBAET JMAIEKTPUROM. B mpemmayinei
IJiaBe MHBl YKasnBAJM, YTO CROHCTBA 3JIEKTPH-
YeCKHX CHCTeM C JHIJIEKTPHKAMH MOKHO ORLIO
0bl TOHSTH, NPEAHOJOKHUB, YTO BIEKTPUIECKOE
nojie, JAEHWCTBYS HA [W3JEKTPUK, MHIYOUPYET B
aToMax ARMOJbHBII MomeHT. VIMEHHO, ecan DIeKT-
pudecroe mome E mHAyIMEpyer cpedBHil AUmOJb-
HEIl MOMeHT B efuHuUIe 06beMa P, 1o audjexTpn-
decKas DPOHMIAEMOCTh ¥ [AETCS BHIPAKEHAEM

P
x——1=EO—E¢. (11:1)

O npuMeHEHUAX 3TOTO BHIPAKEHHA MEL YiKe
roBOPWIH; ceifuac yke HAM HYKHO OOCYIHMThH MeXa-
HU3M BO3HUKHOBEHHA IOJAPU3ANUM BHYTPH Ma-

§1.Moaexyaspniie

JHMIIOJIH

§2.9aekrponnaz

IOJsipu3ariss

§3.Iloanpuse

MOJEKYJibt}
OPHeHTARHOHHAA
HOMAPHIAL A

§4.daeRTpuecrue

nojia B ROYETOTAx
JABIERTPIES

§5. Jusaerrpisecyan

NPOHULACHOCTH
KUJROCTE |
dopmyia
Kaaysuyea —
MoeccorT

§6.Trepabie

JAMIERTRIRY

Tepmana Mo [AeHCTBHEM 3JIERTPUIECKOTO noas. §7.Cernerosacirpn-

Haunem ¢ camoro mpoctoro mpumepa — HOJADH-
samuu ra3os. Ho Jaske B rasax BOBHHKAIOT CIOM-
HOCTH: CYHIECTBYIOT IBa Tuma rasosB. Moaeryis

YeCTBO; THYSHAT
Gapna

’ e 2
HEKOTOPHIX ra3oB, HAIPEMEDP KHCIOPOHA, B KaK- Hosmopumne: va. 31

ZOU MOJEeKyJe KOTOPOro MMEIOTCS JABa CHMMETpHY-
HEIX aTOMAa, JHINEHH COOCTBEHHOIrO IUIIOJIBHOLO
MOMEHTA. 3aTO MOJEeKYAH NPYTHX rasoB, BpoOje
BOTsIHOrO Tapa (Y KOTOPOro aTOMHL BOHOPOAA U
KHCIOPORA 00pABYIOT HeCHMMETPUIHYI MOICKYILY),
00namanT HOCTOSHHBIM 3JeKTPHUECKAM HUIIONb-
HEIM. MOMeHTOM. Kark Mul oTmeuanm B 1. 6 u 7,
B MOJERYJe BOIAHOrO Hapa ATOMH BOJOPONA B
cpefHEM HMEIOT HOJOKHUTEXBHBEINA 3apAl, a aToM
KHUCIOpofa — OTpunareabHbii. IJoCKOIBKY IEHT-
pBl  THAKECTH IOJOEKHUTEIBHOT0 M OTPUIATEIBHOTO
3apAJ0B He COBHAIAIOT, TO pacupefeleHune BCETO
3apAMa B MONERyde 00najaer AMNOILHHIM MOMEH-
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D ue 11.1. Moaeryia ru-
caopoda ¢ nyaesuan  Guno in-
nuM moMenmom (@) u ao.te-
Ey.1a 6008l ¢ ROCHOSHIBN
Junoavrbin momenmorn py (6).

UYenmp
+ u~- zapades

tom. Taraa Monexyaa
HA3BIBAETCA nROAAPHOL
MOJNeKYNOil. A y KuciIo-
pPofia BCIAEICTBHE CHMMET-
PUE MOJEKYJH  IEeHTp Yenmp -
TAMECTH W HONOLHTeNb- ~ 34PA006
HEX, W OTPUIOATEIHHHX qe,,,gp
3apALOB OMUH W TOT ke, +3apados
TaK 9TO 3TO HENOAAPHAAL 0

Monexyna. OHa, mpasga,

MO’KeT CTaTh AWIOJEM, eClH ee MOMEeCTHTHh B BJIeI{TpI/I‘IECKOG moie.
@opMBl 3TUX MBYX THIOB MOJEKyJx Bapucosame Ha ¢umr. 11.1.

§ 2. Jnexmponnan noaapusayusn

3afiMeMcsa cHAWANa LOAAPU3AIMed HEIMOJAAPHHX MOJCKYJ.
Haumem c¢ mpocreiimiero cxydas OZHOATOMHOTO Taza (HampuMep,
reansaA). Illorga aToM TaKOTO ra3a HAXOMHTCA B IEKTPAYECKOM HOJIe,
9JIEKTPOHH! ero TAHYTCA B OOHY CTOPOHY, & AP0 — B APYryI0, Kak
norazaso Ha puc. 10.4 (crp. 200). Xors aTOME HMEOT 04eHB (O0Jb-
UIYI0 KECTKOCTH 110 OTHOIMEHHI) K BIEKTPHYECKUM CHIAM, KOTOPHIE
MEI MO;KeM IPMIOKHETH K HEM HA ONbITe, NEHTPH 3aPAROB YYTh-UYTh
CMEIIAIOTCA OTHOCHTEIBHO APYT APYra M MHAYIEPYETCA JHUIT0IbHEI
MoMeHT. B ¢ralbIx MOXAX BeAMYMHA CMCHICHMSA, a CJET0BATENBHO,
¥ IUOOJABHOTO MOMEHTa HPOmOPUUOHATbHA HAOPAKEHHOCTH JJIEKT-
pudeckoro moaa. CMemeHue JJIeKTPOHHOTO DPACIHDEENEHUA, KO-
TOpoe NPHBONUT K 3TOMYy THOY WHAYIMPOBAHHOIO RHIOIBHOTO
MOMEHTA, HA3HBAEGTCHA ILEKMPOHHOU hoaspusayuel.

Mu yme obcympanu BosfieiicTBHE 3JEeKTPUYECKOTO IOJAA HA
arom B . 31 (Bmm. 3), Korma 3aHMMAIHCh TeopHeil IOKaszaTenxs
npesomiaeHns. IlogymMaB HEMHOTO, BH coobpasuTe, 9TO TeHEph
HY}KHO cJleJaTh TO j;Ke, 9T0 H Torga. ToxbKo Temeph Hac 3aboTsar
moJisA, He MeHAWIHeCA CO BpeMeHeM, TOTAAa KAaK IHOKaszaTedb Hpe-
noMieHAd OHJ CBSA3aH ¢ HOJAMH, BABHCANIMMHU OT BpeMeHH.
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B ra. 31 (Bumm. 3) ME mpepmonaranm, 9To HEHTP SIEKTPOHHOTO
sapaja aToMa, IOMENmEHHOr0 B OCHUWLIHPYIOMEe BICKTPHIECKOS
Tone, MOTYAHAETCH yPABHEHUIO

d2z

m s t-mogr=q,E. (11.2)

Ileppriii wies — 9T0 Ipou3BeAeHUE MACCH BIEKTPOHA HA €ro
YCKOpPEHHe, a4 BTOPOil — BO3BPAILAIONIAS CWIA; CIPABA CTOUT CUJIA,
JeiCTRYIONIAA CO CTOPOHE BHENIHEr0 DIeKTpmdYeckoro mouas. Ecan
aJAeKTpUYecKoe MOJe MeHseTcs ¢ gacToToif ®, 1o ypasueunue (11.2)
JOmyCcKaeT peHIeHUe .

= (mq;—w) : (11.3)

0

UMEIIee PEe30HAHC HPH ® = ,. Horga padbiie MB HAIIAH 3TO
peliigHNe, TO WHTePIPETHPOBAAM ), KAK YaCTOTY, IPH KOTOPOI
aTOM HOMIOMAET cBeT (0HA JAeRUT JuOO0 B OMNTHYECKOH, nubo B
yabTpadumoneToBoit 001acTH, B 3a3UCUMOCTH OT aToMa). [lnsa mamei
Hedrn, OFHAKO, MOCTATOTHO CAYYas MOCTOAHHKX mosel, 1.e. o = 0;
mMO3TOMY MBL MoOkeM TNpeHeOpeub ujeHOM ¢ yckopeHueM B (11.2)
7 HoiyJaeM CMelleHUe

g =0 (11.4)

2
m(oo

OTCIOJIa HaXoAuM JII/IHOJIBHLIﬁ MOMEHT p OOHOIO aToMa

92K
p=qgr= . (11.9)

2
l’lZ(,l)0

B raxoM momxoje MMOOJNBHEI MOMEHT p HeHCTBHTEIBHO MPOIIOP-
LHOHAJCH DJICKTPHUECKOMY TOJIO.
OGHYHO ITHIIYT

p=ce,E. (11.6)

(CooBa ¢, pomao 1o meropudeckum npruunHam.) ITocrogmmas o
HA3BIBAGTCH NOAAPUIYEMOCTNLI0 ATOMA U MMeeT pasMepHOcTs L3,
Jro Mepa TOro, HACKOJIBKO JIETKO MHAYIHPOBATH 3ICKTPATECKIM
HoJeM JHIOJNbHHI MoMeRT y aroma. CpasmuBas (11.5) m (11.6),
monmydaeM, 4TO B HAllell OPOCTOH Teophau

2
e 4re?

= -
0

o, =

(11.7)

2
gomw; Mo

Eciu B eguHume obneMa comepurcss N aToMoOB, TO HOJAPH-
sanuA (MUIOJIRHBIA MOMEHT eIHHAUN o00beMa) JaeTc GopMyloi
P =Np = Nog,E. (11.8)
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O6penmusa (11.1) u (11.8), momyuaem
P

%¥—1=-—==N~Na, (11.9)
el
nau B cuny (11.7) douvet
w—l =z " (11.10)

4]

C momompio ypasuenma (11.9) MoxHO npemckasath, 9T0 IH-
DAEKTPUYECKAA NPOHHIAEMOCTh X PA3JUUHBIX Ta30B IOJIKHA
3aBUCETH OT INIOTHOCTM Fasa U OT Pe30HAHCHOH YACTOTH .

Hama ¢opmyna, KoHeuHO, AUIIL 09eHb I'pyboe mpubnuikeHme,
poroMy 4ro B ypasHenuu (11.2) MH BOCHOXB30BAIHCH MOJEIBIO,
UTHOPHUPYIOMmME# TOHKOCTH KBAHTOBOI Mexauuku. Hampummep, MbI
CUUTAZM, UTO AaTOM HMeeT TOJABKO OFHY PE3OHAHCHYK 4YaCTOTY,
TOTAa KAaK Ha caMoM Jene mX MHOoro. UYTofw Io-HacToAmEeMY
BEIUCAMTh TOAAPHUIYEMOCTH ATOMOB, HYKHO BOCIOIb30BATHCA
MOCIEM0BATeILHON KBAHTOBOMEXAHMIECKON Teopmeil, oOfHAKO H
KJIACCHIeCKUH TOMXO/, A3I0KeHHbI BHIIIe, JaeT BIOJHE PAa3YyMHY0
OLICHKY.

IocMmoTpum, cMokeM AU ME IOJAYIUTh HPABHIBHEIE TOPATOK
BeJIUYUBE IH3JIEKTPUICCKOA ITPOHHIAEMOCTH KAKOro-HUOYOh Be-
mectsa. BosbMeM, K mpumepy, Bogopod. Mul yike ouenusamnu (BLO. 4,
ra. 38) sHeprumio, HeoOXOAMMYI0 AJA MOBU3AIHK ATOMA BOJOPOAA,
¥ TOAYYINAH MPACIMAEEHHO

-

me
E =~ - Ere (11.11)
Ilns omeHKE cOGCTBEHHON YACTOTH ) MOKHO IOJOMKMUTEH DTY DHEP-
U0 paBHOH fimo— SHEPTHH ATOMHOTO OCOEIIATOPA C COOCTBEeHHOU
gactoroil o, Ilomywaem

| ~

1 me*
Oy R 5

2 fs
Ioaeaysaces aToil Bemuunnoii B ypasrenuu (11.7), maxommMm 3iex-

TPOHHYIO WOJAPU3YEMOCTH

o ~ 162 [i]a (11.12)

me?

Beamunna (fi%/me?) ecth pajgmyc ocHOBHON opbuthl atoma Bopa
(cM. BHO. 4, ta. 38), pasmstii 0,528 A. Ilpn HopMaxpHOM jaBTeHUU
n remneparype (1 amn, 0°C) B rase Ha 1 cu® mpuxonurca 2,69-101°
aroMoB, u ypasuenue (11.9) maer

® = 14 (2,69.10%%) 16x (0,528-10-8)® = 1,00020. (11.13)
VsmepenHas Ha ONLITE AWAIEKTPHICCKAA NIPOHUIAEMOCTH DaBHA
Hoxey = 1,00026.,
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Bugure, Hama reopusa mouTH mparmabHA. Jlyumiero Heab3sa OBLIO
M OKHUJATH, HOTOMY H9TO MW3MEPEHMUA IPOBOAWIMCH, KOHEYHO, ¢
OOGHIHHIM BOOPOAOM, O6GIATAIOIHM TBYXATOMHBIME MOJEKYJIaMH,
a He OMMHOYHBIME aroMamMu. He cregyer yOUBAATHCA TOMY, 970
MOJAPHU3ALUA ATOMOB B MOJIEKYJe HE COBCEM TaKag, XaK IOJApPH-
sanmAa OTHeNXBHEIX atoMmoB. Ha camoM feie MomeRynsfpHBT addexT
He CTONB BeamMK. T09HOEe KBAHTOBOMEXAHMICCKOe BHYMUCIACHHE BENU- -
9HHBL ¢, JPI ATOGMOB BOJOPOAA MAET PEe3YABTAT, IIPeBHIIIATOILA
(11.12) npumepuo na 12% (smecro 16; momywaerca 18n), mosromy
OH NPEICKA3HBAET JJIA [(MAJIEKTPUIECKON IPOHUIIAeMOCTH 3HAUE-
ume, Ooiee Oam3Koe K HabGmmomeHHOMY. Bo BeAKoM cayuae, co-
BEPIIEHHO OYEBHMIHO, 9YTO HAIMA MOIelbh AUIIEKTPHUKA BIOJIHE
Xopoma.

Eme opma mpopepka Hameil teopmu. IlompoGyeM npumeHuTDH
ypasaenue (11.12) k aromam c¢ Golbime#l JacToTodl Bo3OYAeHUA.
Hampumep, dro6m orofparTh 3AEKTPOH y rexms, Tpedyercs
24,5 6, Torna Kak mid MOBRH3AIKM Bomopona meoOxommmul 13,5 6.
IToaToMy MBI IPERIOJOKAM, ITO YACTOTA HOTTOMEHAA M A Telus
goiyHa OHTH OpUMePHO B ABA pasa Golibiie, 4eM IS BOZOPOAA,
a o moxcHa OHITH MeHbIIE B UeTHpe pasa. Mu omumaeM, 9To0

% =~ 1,000050,

reauit

a DHKCIEePAMEHTAJbHO IIOJy4YeHO

Heoqas = 1,000068,
TAK YTO HaAIIN FPYGHB OICEHKX NOKA3BRBAKT, YTO MBI Ha BEPHOM
HYTH.:MTaK, MBI TIOHAJHA JU3JEKTPUICCKYI0 DPOHHIAEMOCTh He-
OOJAAPHOro rasa, HO TOJBKO Ha4YeCTBeHHO, MOTOMY YTO HOOKa MHE
eme He HCOHOJb30BAJAHM HPABAJLHYI0O ATOMHYI0O TeODHMI0O ABH;KCHUA
ATOMHBIX 3J€KTPOHOB.

§ 3. HoaapHuie noaexyavl; OPUEHMAUUOHNAS
NOAAPUSAUUA

Temepb PACCMOTPUM MOJERYAY, OOBIATAIOIMYI HOCTOAHHEIM
IUOONBHEIM MOMEHTOM p,, HAIpHMep MOJeKylIy Bofsl. B orcyrer-
BHE JIEKTPUYECKOrO WOJAA OTHeNbHbIe JUOOMAW CMOTPAT B PABHEIX
HATIPABJIEHUAX, TAK YTO CYMMAapHBIH MOMEHT B efWHHUIE oObeMa
paser Hyxo. Ilo ecnin OpHIOKHUTH 3IEeKTPHIECKOe TOJe, TO CPasy
JRe IPOHCXOMIAT [iBe Bemu: BO-MePBHX, HHAYIUPYETCA A00aBOYHBI
MUIOOXBHEIN MOMEHT M3-3a CHJI, JefiCTBYRIMUX HA DJIEKTPOHHL; 3TA
9acTh OPUBOAAT K Toll ;e CaMOH 5JEKTPOHBOL HOJXADPH3YEMOCTH,
KOTOPYI0 MH HAIIIH JJs HEIOoAgPHOHA MoieKyiaul. Ilpm ogeHs TOU-
HOM HccaemoBaHuu 95T0T 3¢dexrt, KOHeYHO, HY/KHO Y4HTHBATH, HO
Mul moka mpeHeGpesxem mM. (Ero Beerga MoskHO {00aBHTH B KOHIIE.)
Bo-BTOpHX, BIeKTpHYECKOE IIOJe CTPEeMHUTCS BEHICTPOMTH OTejbHEE
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D ue 11.2. B ease noaaprux MoicKYs oMOesbHble MOMELMbL OPUeH -
muposarbl cayualinslm o6pasom, cpedHul momenm & He6oAbULOM
obveme pasen wnyaw (a); nod Oeilcmeuem s4eKMPUNECKO20 NOAA 6
cpedhem s0sHUKAEm HeKomopoe ssempausanue morexys (6).

JUTONHA, CO3[JaBasA Pe3YIABTUPYIOIIWA MOMEHT B eJUHHIE o0BeMa.
Ecim 611 B rase sncTpomauch Bce TUIONHU, HOJAPU3ALMA ObIa GBI
04eHb GOJbImON, HO 3TOro He mpoucXopmur. IIpm oOH9HKEX Temme-
paTypax H HANPSKEHHOCTAX IOJNA CTOAKHOBEHHS MOJNEKYX NpPU
UX TeILIOBOM JBWKEHMH He HO3BOXAIOT UM KAaR CAEIyeT BHICTPOHUTH-
cs1. Ho meroTopoe BrICTpaupaHme BCe ke OPOUCXOMMT, a OTCIONA
n Heboxbmas moisapusanus (¢ur. 11.2). Bosmuraiomas moaspu-
BaI(dA MOMKeT OHTH IOJCYNTAHA METOTAMH CTATHCTAYECKOH Mexa-
HUKM, OMMCAHHEMH B Ti. 40 (BRO. 4).

Y1065 HCIOJIb30BATH 9TOT METOJL, HYYKHO 3HATH SHEPIUIO THIO A
B 3JeKTPHYECKOM Ioje. PaccMOTpHM JHOONE C MOMEHTOM p, B
aunexkTpugeckoM moxe (fur. 11.3). JHeprua MOTOKUTEIBHOTO 3a-
paga paBHa q¢ (1), a 9Heprua OTPUNATEABHOIO ecTh —q@ (2).
OTciofa MOTyYaeM DHEPTHIO TUIIONSA

U=q¢(1)—q9(2)=qd-ve,
nain
U=—py-E=—pyEcos8, (11.14)

rae 6 — yroa memnay p, u E. Kax u ciegoBamo o;xujaTh, dHEPrus
CTAHOBUTCA MEHBIIE, KOTHA JUIIONM BEICTPAUBAIOTCA BROJIbL IOJA.
Temepb ¢ HOMOmBIO METOZOB CTATUCTHYECKOM MeXaHUKH MbI
BHICHUM, HACKOABKO CIILHO AUITOAW BhicTpameawTea. B ra. 40
(BRO. 4) MK HAmWIM, 9T0 B COCTOAHHUH TeilIOBOr0 DAaBHOBECHSI
OTHOCHUTEJbHOEe THCI0 MOJCKYI ¢ moTeHmualibHoi sneprueir U mpo-

MOPHHAOHAJIBHO
e~ U/kT, (11.15)
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) Due 11.5. Suepeus Ounoss py
+q e note E pasna —p,y-E.

d
AP

roe U (z, y, 2) — noTeEnuasnbHas PHePrud Kak (YHKIOUA HOXO-
mepnA. ONMePUDPYA TeMH j;Ke apryMeHTAMH, MOMKHO CKa3aTh, YTO
eCJIM MOTeBIUANbHASA 9HePIruA Kak QyHKusA yeaa umeet Buy (11.14),
TO 9HCIO0 MOJeKYyJ moj yriaoMm 0, mpuxondmeecs na eduHUUHBL
meaecnbitl Yeon, mpomopumonanbHOo exp (— U/kT).

Monaraa gmesro Momeryll HA eTHHUYHLIN TejxecHHA yrox, Ha-
OpaBiIeHHNX Hof yraoMm 0, paBamM n (0), uMeem

n(e)=n06+p05 cos O/RT (1116)

Has oORYHHX TeMueparyp W Hojlell mOKasarexb DYKCIOBEHTH
MaJj, ¥, pasiarasg JKCIOHEHTY, MOMKHO BOCHOJb30BATHCA IPUGIH-
ACHHEIM BH payKeHTeM

n(e)=n0(1+”—°E%s"). (11.17)

Haiizem n , mpomsTterpuposas (11.17) mo Bcem yriam; pesyabrar
moli;keH OHTh papes N, T.e. WACIHY MOJERYI B efduUENIE ofbeMa.
Cpennee 3HadeHHe cOS 8 npHM WHTETPUPOBAHUM IO BCEM YIIaM
eCTh HYJIB, TAK 9TO HHTErPAJN PABEH HIPOCTO 1,;, YMHOKEHHOMY Ha
nojHHA TexecHui yrox 4m. llomygaem

N

Ry ==—— .
0™ 4n

(11.18)

Us (11.17) Bugso, uto BAoxs moxsa (cos 8 = 1) Oymer opuen-
TUPOBAHO GOJBIIe MOJERYJ, YeM HpOTHB mois (cos 6 = —1),
[Toaromy B m06oM manom o0beMe, COMepHamEeM MHOIO MOJEKYI,
BO3UHUKHET CYMMapDHEI [MOOJbHHIE MOMEHT Ha efuHMOY o0beMa,
T.e. momsapusanua £. Yrobu BRIuCAUTH P, Hy;KHO 3HATD BEKTOPHYIO
CYMMY BCEX MOJEKYISPHEIX MOMEHTOB B efuHuIe 00beMa. M 3Ha-
eM, 9T0 pe3ynbTaT GymeT HAIIPABIeH BI0ib E, m03TOMY HYKHO
TONBKO TIPOCYMMHPOBATH KOMIOHEHTEL B 3TOM HANPABICHUH (KOM-
OOHEHTH, TepOeHINKYaApHEe E, mpn cyMMupoBaEum JaTyT HYIB):

P= Y p,cos 0;.

IIo epmuAY-
oMy ofpemy

Msbr MOmeM OmeHHTH CyMMy, NPOHHTeIPHPOBAB IO YIIOBOMY pac-
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npenenenmio. TemecHulil yrom, otsewaromumii 0, ects 2m sin 046;
0TCI0a
g

=S n(6) p, cos 82x sin 6 6. (11.19)

o

Ilogcrapaasa smecto r (0) ero Bupamenme m3 (11.17), mmeem

byt
=—¥‘S‘< L 2ol o 9)p0 cos 0d {cos 0),
0
YTO JerKO MHTETPUPYETCS W IPHBOAUT K CIEYIONEMY pesyibTary:
Npg E
P=—. (11.20)

Tlonsprsanmusa UPOIOPOUOHANBHA HOAN [, NO3TOMY J(MDIEKTPH-
gecKue cBoiicTBa OyAyT ofmMHEe. K poMe Toro, Kak MH u oxuaeMm,
monApu3anusa o0paTHO IPOINOPIHOHATBHA TEMIEpPATYpe, HOTOMY
910 mpu 0osee BHCOKMX TeMIePATypaX CTOJIKHOBEHUSA GoJbIe
paspymIaioT BRICTPOSHHBOCTE. JTa 3aBHCUMOCTh Bufia 1/7 HasnBaeTes
aakorom Kiwopu. Ksagpar mocToAHEOr0 MOMEHTA P, MOSBIAETCA TIO
caenyomeil TpMYnHe: B JAHHOM 3JIEKTPHIECKOM I0JIe BHICTPATBAI-
mWas CUAA 3ABUCHUT OT P, & CPeJHHH MOMEHT, BOSHHKAOMMI Npn
BEICTPAMBABUHU, CHOBA mpomopiuoBaneH p,. Cpepnmit uBgyuupye-
MBI MOMEHT IPOMOPITHOHAIEH Dg-

Temepb DOCMOTPHMM, HACKOABKO Xopomo ypaBaeHume (11.20)
corjacyercs ¢ akcumepumenToM. BosbMem BopmaHOR map. Ilockoabky
MBl He 3HAeM, 9eMy PaBHO p,, TO HE MOKEM IPAMO BHYHCIMTH W
P, wo ypasrenue (11.20) mpenckassBaer, 910 % — | gomxna Me-
HATheA 00PATHO MPOMOPIMOHAIBHO TeMOepaTtype, W 3TO HAM clie-
IyeT IPOBEPUTH.

Ns (11.20) moxygaem
P Npj

v ==

(11.21)

TaR 9T0 ¥ -— 1 MOMKHA MEHATLCS OPAMO HPOHOPHUOHAIBHO ILTOT-
HocT® N 1 06paTHO MPOTOPIHUOHATILHO abCcOMOTHON TeMmmepaType.
JumanerTpudecras IPOHMIAEMOCTh OKLIA H3MepeHA IPH HECKOIb-
KUX 3HAYCHUAX [aBJAeHHs M TEMIEPATYPH, BHODAHHHX TaKuUM 00-
pasoM, 9TOOH YHUCIO MOJEKYX B eJHHHIE 00beMa OCTaBaloCh IO-
cTOAHHEIM *, (3aMeruM, 9T0, ecan GK BCe M3MeDeHUS BHITOJIHAIHUCH
NpA IOCTOAHHOM J[ABIEHWH, YHCAO MOJEKYJX B efuHEIe o0BeMa
yMeBbIIaNoch OB IMHEHHO ¢ MOBHINGHWEM TeMIEpaTypH, a x — 1

*Sidnger, Stelger, Gachter, Helvetica Physica Acta, 5,
200 (1932).
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0,004 - /+ @ ue 11.4. Hamepenurnse snaue-

/"‘ HUuA Oussekmpuieckol npoHuyae-
+ Mmocmu 6o0aH026 hapd Nhpu He-
i+ CKOADKUT MEeMNEpamypax.

0,003 e -

1

j

0,002 / i m3MeHAgach 66 Kak 172, a
/ me ®ak 7'~'.) Ha ¢mr. 11.4
/ MBI OTIOKWIN W3MePeHHEE
/ sgaueHuA ¥ — 1 Rak QyHK-
mmio 1/T. 3aBUCHMOCTS,
/ npefcrassiBaemMas  Qopmy-
/ aoir (11.21), swmomuseres
, . X0pomIo.
0 0,001 0.002 0,003 Ecrp eme opma ocoben-
YT, (°K)? HOCTH IMATeKTPUIeCKON
OPOHUIAEMOCTH  ITOJ S PHEIX
MOJIERYd — ee W3MeHeHHe B
BABMCHMOCTH OT YacTOTH BHemHero mons. DBaarofapsa rtoMmy 9T0
MOJIERYJB HMEIOT MOMOHT WHepIUH, TA/KeJIBM MOJEeKyJIaM Tpe-
Oyerca ompefelenHoe BpeMsa, YTOOH MOBEPHYTHCA B HAIPABIEHWH
mosiaA. [losromy, eciut memonbzoBaTh YACTOTH U3 BepxHeH MHKpO-
BOJXHOBOW 30HH WM HM3 elie Oojiee BRICOKON, HMOJADPHHE BRIAK
B JAM3IEKTPHYECKYI0 NPOHMIAEMOCTh HAUYMHAET CHAJATh, TAK KAaK
MOJERYJIB He yCIEeBAKOT cjaeqoBarh 3a moideM. B mporHBomososx-
HOCTh DTOMY BJJEKTPOHHAS MOJAPH3YeMOCTh BCE eme OCTAeTeA
HeH3MEHHOH BIIOTH [0 ONTHYECKHX YacTOT, MOCKOJBKY WHEpIHUA
JJIEKTPOHOB MeHBIMe.

0,001

I
~N
1

§ 4. Saexmpuneckue noan 6 NYCMOMaX
dUINerMPURQ

Tenmepb MH HepPexX0IuM K HHTePECHOMY, HO CIOKHOMY BOHIPOCY
0 IHAIeKTPHIeCKOl MPOHMIAEMOCTH IVIOTHHX BellecTB. BospMeM,
HAOPUMED, JKANKAR renmil, uiu sKUAKAAE aprod, WIH elle KaKoe-
HEOYAh HEIOJNApPHOE BemectTBO. ME Mo-IPeKHeMY OKHZAeM, 9ro
V HEX eCTh 3JIEKTPOBHAA moaapusyeMocth. Ho B mIoTHHX cpegax
sHEagedne P MosxeT OHIThL BEJIHKO, MO3TOMY B Hoje, AedcTRYlomee
HA OTHEXbHHIMA aToM, BRiaafZ Oyger [aBaThb HOAAPU3AIMA ATOMOB,
HAXOJAMUXCA IO COCeACTBY. Bo3BHKAaeT BONpPOC, Y€MYy paBHO
BIeKTpAYECKOe IoJie, AeiicTBylomee HA OQTHENbHEIA aTOM?
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Que, 11.5. Ioae enympu weau,
guipesarHoli 8 Oudaexkmpure, 8a-
sucum om ee iopmti u opuerma-
yuu,

Boo6pasure, aro Mexmy
OJIacTHHAMA  KOHIEHCATOpA
HaXOAMTCA KUIKOCTh. Kenu
IJIACTHHH 3apsKeHb, OHH
CO3JATYT B 3KUIKOCTH DIeK-
Tpudecroe moae. Ho kasuai
aToM HMMeeT 3apAgH, U IOJ-
HOe moie E ecrp cymma
o00MX 3TUX BKJIAZOB. JTO
HCTHHHOE  3JIEKTPUIECKOE
Mojie B KUKKOCTH MEHSETCA OYeHb-0YeHb ORICTPO OT TOYKH
K Touke. JHO 4Ype3BHYAHHO BEJIUKO BHYTDPH ATOMOB, O0COGEHHO
BOMHBYM Afpa, W CPABHUTEABHO MAJO MeskAy artoMaMu. PasHocTb
TMOTEHI[HAI OB MERAY IMIAACTHHAMHE €CTh MHTETPAJ OT 3TOTO IIOJHOTO
nois. Eeau Mu mpeHeOpe:xeM BceMu OHICTPHIME H3MEHEHHAMH,
TO MOKeM MpejcTaBuTh cebe HeKoe cpedHee BAEKTPHICCKOE
moe FE, pasmoe wrax pas V/d. (IMenHO 3T0 moIe MBI MCHOTB-
30BANH B HpefuiymMell raape.) JTo mole ME NOJRHH cebe mpen-
CTABAATH KAK CpefHeE II0 IPOCTPAHCTBY, COHep;KameMy MHOTO
aToOMOB. )

Bo Moskere mogyMmarh, 9TO «CpefHHI» ATOM B (CpelHEM» IIOJO-
JMeHMHU DOYYBCTBYET MMEHHO 3TO cpefHee mose. Ho Bce He Taw
NPOCTO, W B 3TOM MOKHO yGe uThCs, HPeJCTABUB, 9TO B JUIIEKT-
pUKe UMEOTCA oTBepceTHA pasHoil dopmel. Ilpegmomosxum, aTo MbI
BBIPE3AJIM B HOJSPU3OBAHHOM NMAIGKTPUKE IHeNb, OPUEHTHPOBAH-
HyI0 mapajiaenbuo moxio (pur. 11.5, a). Iockoarky M 3HAEM, TTO
VXE = 0, ro nmmeiirmii mHTerpan or E Bmoap wpmsoit I', na-
mpaBleHHoll Tak, Kak moxasano ma ¢ur. 11.5, 6, momxen OHTH
pares Byxo. llome BHYTDM MmMeau MOMKHO AaBATh TAKOHW BKIAL,
KOTOPHE B TOYHOCTH IOTACHUT BRIAN OT mOJA BHE mend. [loatomy
mone E, B IeHTpe JIMHHOH TOHKOH mead paBHo E, T.e. cpegneMy
BIEKTPUYECKOMY IOJK, HAHNEHHOMY B IUIIEKTPHKE.

Paccmorpum Temeph ApYrymo medb, MOBEPHYTYIO CBOeH Iou-
poxoil croposoiil mepuenguryasaprao E (dur. 11.5, 6). B arom caygae
none Ey B menn He coBmagaer ¢ F, moTroMy 4TO Ha CTEHKAX LIEIH
BOBHZKAIOT moispusanuoBubie sapsaae. Ilpmmenms s3akom l'aycca
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K mosepxmocTH .5, m3oOparkennoit ma ¢mr. 11.5, 2, Mm maxomum,
uro mone E, éHympu weau paercs BHPaKeHHEM

Eo—E+4, (11.22)

rme E, Rak ®W pamblie,— YIEKTPHIECKOE TOJ€ B JHBIEKTPHKE.
(Tayccopa mOBEPXHOCTH OXBATHBAET NOBEPXHOCTHHI IOJSpHU3a-
NUOHHHI 3apAx 0,,, = P.) Mu ommevanu B ra. 10, wro g k& + P
gacro obosmagaior depes D, moatomy gkE, = D, paBHo Beamumae
D B pgmsnertpmke.

B panuuil nepuox mcTopum QuamKm, KOTJA CIHTANOCH OYEHB
BAKHHIM OIPEIeNATh KAKIAYIO BEIWIMHY IPAMHM JKCIIePUMEHTOM,
¢usuKnE OHJIN 0YeHDb JOBOJLHE, 00HAPYIKAB, YTO OHH MOTYT OIpe-
JeadaTh TO, 9To moREMaT mox F m D B gusieKTpHKe, He mOI3as
B IPOME:RYTKAX Mexny aromamu. Cpepmee moxe E aucaenno pasHO
noxio E,, usMepeRHOMY B mienm, mapamienbHoll momio. A moxe D
Morio OBTh M3MepeHo ¢ moMmombio E,, HaiifleRnoll B mean, mepnen-
JUKyaApHOR moato. Ho HHKTO 9TH noas HAKOTAA He H3MepAd
(rakmM cOoco6oM BO BCAKOM caydae), TAK 4TO 3TO OJHA H3 MHOIHUX
OecILTOMHEX TPOoOIeM.

B GoapmuncTRe RUAKOCTEH, HE CIHODIKOM CIOKHEIX IO CBOEMY
CTPOEHMIO, KAKOBIH aTOM B CpefHEeM Tak OKPY/eH ADYTHMH aTo-
MaMu, 9TO MOYKHO ¢ X0OPOIIeil TOTHOCTHIO CHUTATH ero HAXOgANIIMEA
B cghepuneckoii noaocmu. W Torga Mu cmpocum: «deMy paBHO moue
B chepmueckoit momoctu?» Mu sameuaem, 4TO BHpe3anue cepu-
gecKoil AHPKU B OHOPOTHOM HOJMAPN30BAHHOM JHAJIeKTPHAKEe PaBHO-
CHIBHO OTOPACHBAHMIO NIADHKA M3 NOJIAPH30BAHHONO MaTepHaia,
"TAK YTO MBIl MOMKEM OTBETHTb Ha 9TOT Bompoc. (ME HomKHE mpef-
cTaBuTh cebe, IT0 MOAAPH3ARUA OBLIA «3aMOPOKEHA» JO TOr0, Kak
MH BHIpe3anu AHDPKY.) OflHAKO B CHIY HDPHHINNA CYTePIO3HINE
TmoJie BEYTPH AMIIEKTPAKA, [0 TOPO KAK OTTYAA OHLI BEHIHYT ITAPHK,
ecTh CyMMa mojeli OT BCex 3apsAgoB BHE o0BeMa IDIapmKa MIIOC
moJdelr OT 3apAAOB BHYTPHM mHoasipusosamnoro mapura. Ciegona-
TeJIbHO, €CAH 076 BHYTPH OJHOPOJLHOTO AMSIEKTPUKA Mbl HA30BeM

&5

D ue 11.6. Iore e awboli mouke A Ousaekmpura
MOKHCHO npedcmaeumb 6 eude cymmbl noaa cgepuunecrkoi
Ouipru u noas cgepuieckozo ekiadunua.
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Duea 11.7. Jaekmpuueckoe
nose 00HopOOHO  noasapuso-
8AHH020 WaDUKA.

Tone dunonst

E, to Mo:xmo 3ammcath

E = EHB[‘DKB + Emapuk?
(11.23)

rne  E, o — mone B
poipre, a B, — mo- .
Jé B OFHODOTHO TOJA-~ E ip
PA30BAHHOM aprKe i

(bpur. 11.6). Ifome onmo-

POAHO HOJXSPU3OBAHHOTO

maprka moKaszamo uwa ¢ur. 11.7. Jmerrpmaeckoe moie BAYTPHA

IMapura OJHOPOJHO M PABHO

E, =X (11.24)

wapug 3e, .

C pomompio (11.23) moayuaem
P
Ellmpxa = E‘I‘gTO- (1125)

IToste B cepudeckoif mOMOCTH GOABINE CPEIHETO IOMA HA BEIIUYIHY
P/3g,. (Chepuueckas gpipKa maer moje, HaXOjsAmeecs Ha 1/; myrnd
OT LOJA HAPANIEIbHON Tean K M0N0 MepPIeHIuKYIgPHON Mern.)

§ 5. Juoaermpuuecras npoHunaemocmsy wudxrocmeil;
gopuyaa EKaayszuyca — Moccommu

B sxuaroctm Ml o;RmaeM, 4TO TOJe, HOJAPU3YIOIIEe OTHETb-
HEIE aToM, CKopee moxowe Ha E, ..., wem mpocro Ha E. Ecam
Basth K, ., #3 (11.25) B rauecTse mOJsApH3YIOILEro mOIs, BXO-
gsamero B (11.6), to ypasuenue (11.8) mpmoGperer BHJ

P=NocsO<E +£—0> , (11.26)
HIRA
p=—N . E (11.27)
T—(Naj3) S0+ .
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Benomnnas, uro ®x—1 wax pas pasma P/e E, momxydaem

Na,

=)

(11.28)
910 ONpEReNseT AMIIEKTPHYCCKYI0 TPOHHIASMOCTD KUAKOCTH X
Yepes AaTOMHYI0 HOJISAPH3YEMOCTb . 9T0 Popyyaa Haaysuyca —
Moccommu.

Eciu No 09enb Mal0, KaK, HAmpuMep, JAas raza (HOTOMY 9TO
tTaM Mana IIoTHOoCTh N), TO wienoM No/3 MOKHO mpeHe6pedb TO
cpapHeHnIO ¢ 1, M MHL IOJyJaeM HaIl CTApHIL peay.1bTar — ypaBHe-
gue (11.9), T.e.

w—1=Na. (11.29)

Iapaiite cpasauM ypapHeuue (11.28) ¢ mHexoTOpEIME JKCHEpII-
MeHTAIbHHME AanaeiMu. CHazajsa crour o6paTHibCa K Tasam, A
KOTODHIX M3 M3MepeHuil ¥ MOKHO ¢ moMompio ypasmeHus (11.29)
HajiTm sHauenme o. Tak, paa aucyabduma yriepoga mpH HYIeBOII
remmeparype no Henbcuio pusnerTpuueckasi IpOHUIAEMOCTh PaBHA
14,0029, tak wro No. = 0,0029. IlnorrocTs Taza JeTKO BHYHCIUTS,
a IIOTHOCTD KAAKOCTell MOKHO HaifTu B cnpasogunukax. Ilpm 20°C
maorHocts Kugroro CS, B 381 pas srume mwrornocru rasa mpu 0°C.
9ro smagur, 9To0 N B 381 pas Goupine B ;KUJKOCTH, 9eM B Tase, a
orcofa (ecam cpgenaTh JOHYINEHME, UYTO HCXONHAS aTOMHAs HOJA-
puU3yeMOCTh AUCYIbPUAA YIAEpOna HE MeHATCS HPH €ro KOHJeH-
canum B JKEOKOe coctoamme) Noo B jrmuxoctd B 381 pas Goxbine
0,0029, mau pasuo 1,11. 3amerpre, uro No/3 cocrasiasger mouTH
0,4 C moMompi0 3THX YACEN MH NpefCcKa3hBaeM, 9TO BeJIWYHHA
JAWIIEKTPUYECKOlf TpoHMIaeMocTl papHa 2,76, 9T0 JOCTATOYHO
XO0pomo COrIacyercA ¢ HAaOMIOAEHHMM 3HadenmeM 2,64.

B ra6a. 11.1 Mu mpuBORMM pAJ SKCOEPHMEHTAIBHHX JAaHHEX
IO pasHHM BEmeCTBAM, & TaKKe B3HAYEHUS [HIIERTPUIECKOH

Ta6auya 11.] e BBIYHCIEHUE IHUDJIEKTPUYECKON TNPOHHUIIAEMOCTH
HMUIOKOCTEN U3 JUDJIEKTPHYECKON IMPOHIITAEMOCTH

T'A3A
I'as HHKuIroCcTs
x
a L
[=] B ﬁ = 2
g 3 3 g &
g 5 No = = g Na & o
g Q & B =] @ o
% e e = =) %
D o =] =) B = o
A X = = o 2 =

CS, 1,0029 | 0,0029 | 0,00339 | 1,293 381 | 1,11 | 2,76 | 2,64
0, 1,000523| 0,000523| 0,00143 | 1,19 | 832 | 0,435 | 1,509 1,507
CCl, [1,0030 | 0,0030 | 0,00489 | 1,59 | 325 | 0,977 | 2,45 | 2,24
Ar 1,000545| 0,000545 0,00178 | 1,44 | 810 | 0,441 | 1,517 | 1,54

* IIn0THOCTD KuOKocTH/TIIOTHOCTD rasa.
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OPOHANAEMOCTH, BHYHCICHHONH, KAK TOABLKO 9T0 OHLUIO OIHMCAHO, HO
dopmyme (11.28). Cormacue Me;y ONBITOM W T€OPHeH A aproHa
H KHCIO0poxa maske aydime, deM gasa CS,, # He CTOIb XOpoInee Jist
JeTH PeXXAOPUCTOro yriiepofa. B memoMm pesyiaprarsl MOKasLBAIOT,
910 ypabrenme (11.28) paGoraer ¢ xopomedi TOYHOCTHIO.

Hamr smipoz ypasmenus (11.28) cupamepaus TOXBKO st aaek-
MPOHKHOT TWONAPHUIANAA B JKUAKOCTAX. [lJIA HOIADPHHX MOTEKYI
spoge H,O of nesepen. Ecian npoBecT® Takue ;ke BHINCIEHAA s
BOABI, TO fiast Noo morxyumMm smadenme 13,2, 910 03HAZaer, 4TO
AUIERTPAICCKAS NPOHUIAEMOCTD 3TOM JRUIKOCTH OMPUYAmelbHa,
TOrfla Kak ommiTHOoe 3Havenine x pasao 80. Ilemxo 3pechk cBg3amo
¢ HeupaBWJIbHON TPAKTOBKOW WOCTOSHHKX pAumoaeil, u On3arep
YKasal mnpasmAbHHEE cmoco6 pemenusa. Mm me moskem ceifzac
OCTAaHABIMBATHCH HA DTOM BONpPOCE, HO €CIW OH BAac MHTEpecyer,
TO moapobuo aro obcymgaerca B Kaure Kurrena «Bsenenue B $u-
BHKY TBEDHOTO Temar*.

§ 6. Teepove duasnermpuru

O6patuMcs Temepb K TBepmmM TteiaM. llepewil mATEepecHHl
$aKT OTHOCHTEIBHO TREPHBIX T 3AKJIITAETCS B TOM, UTO Y HHUX
OnpBaeT DOCTOSHHAs HOJIAPHU3ANMA, KOTOPAS CYMECTBYeT HRajKe
u 0e3 OPUIOKEHAsA BHEIIHEr0 3IEKTPHYecKoro moms. llpumepn
MOKHO HallTH y BEMIECTB THIA BOCKA, KOTOPHIH COREPIUT [JIMHHBIC
MOJNERYJAH € MOCTOSHHBIM TUIOIBHHM MoMentoM. Eciam pacronursb
HEMHOTO BOCKY ¥, MOKA OH elile He 3aTBEDMEN, HATOMKUTh HA HEFO
CHIBHOR YAEKTPUIECKOE [0J€, ITOOK JUHOIBHEE MOMEHTH YaCTHYHO
BEHICTPOWAMCH, TO OHH OCTAHYTCA B TAKOM NOJOKEHHN N TOCIe
TOr0, KaK BOCK 3arseppeer. Tsepmoe seimmecrso Gygmer oGaafgath
TOCTOAHHON mONApH3aluedl, KOTOpasg ocraerci W B OTCYTCTBHE
mossi. Taroe BemleCTBO HABHIBAETCH 54EKIMDEMOM.

Ha nosepxuociu aiexTpera pacmoio;HeHk NOCTOAHHEE MOIAPH-
3AIMOHAKIE 3aPAML. JIeKTper HpefcTaBiasger coboll ameRTpuIecKnit
AHAQIOT MaTHATA, OJHAKO HOIB3H OT HEro TOPa3f0 MeHBIIe, IOTOMY
9710 CBOOOJHBIE 3aPAAL BO3AYXA IPUTATHRAIOTCH K €r0 HOBEPXHOCTH
¥ B KOHIe KOHIIOB HEATPANHBYIOT IONSPHUIANUOHHEIE 3apsIIH.
JIeKTpeT «paspsUKAeTCH» M 3aMETHOTO BHEIIHero mojds He Cco-
3naer.

Tlocrosinmaas suyTpennss noaspusanus P serpegaercs u y me-
KOTOPHIX KPHCTAMINYECKUX BermecTs. B Takmx Kpmeramiax KasKpgas
DJEeMeHTADHAA AYeiiKa pemerku o6aafaer OJHIM H TeM Ke IOCTOSH-
HHM AUOOJABHEM MoMentoM (fur. 11.8). Bece gumonu manpasien: B
OfHY CTOPOHY JKE B OTCYTCTBHE JIGKTPHYECKOr0 mois. Muorme

* Wmeerca nepesoa: 4. K u T T e &1 b, «BBenienne B uauxy teepaoro re-
Jaa», M., 1962.— IIpum. ped.
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CIOKHBIE KDPHCTALIE O0NAafaloT TAaKOH momsapusanmeil; OOHTHO ME
9TOrO He 3aMedaeM, HOTOMY YTO CO3/[ABAEMOe HMH BHEHIHee II0ie,
KAk H y 3JIeKTPEeTOB, paspsKaercs. '

Ecnm, omgmako, BHYTpeHHEHE JHIONBHBIE MOMEHTH RpHCTAIIA
MEHANTCA, TO BHEIIHEE MOJEe CTAHOBHTCA 3aMOTHHIM, TOTOMY UTO
GuyskpatoniEe 3apsAfHl HEe YCIEBAIOT COBPATHCA W HEATPATA30BATH
DONAPU3ANMOHHEIE 3apAAH. Feanm fUIIeKTPUE HaXOZUTCA B KOH-
ieHcaTope, CBOGORHBIE B3apANH HHAYUUPYIOTCA Ha BIEKTPOHAX.
MomeHTE MOTYyT, HAIPUMEp, H3MEHUTHCH BCIEICTBHE TEMIOBOIO
pPacuInpenus, €CIH HArpeTh AMAAeRTpHK. Takoi apdext nasmBaercs
nupossexmpudecmeom. ABATOTWYHO, €CANM MEHATh HANPAKEHMN
B KpHCTajlIe, cKajkeM, cIrmbas ero, To MOMEHT MOYKET CHOBA HEMHOTO
M3MEHHUTLCH, W TOTa 06HApY:KUTCA cIabuil snekTpuwIeckuii sddexr,
Ha3HBAGMBIH  Nbe309ACKM PULECTEOM.

Has rpucrannos, me o6aafawIIuX HOCTOAHHBIM MOMEHTOM,
MOKHO DAa3BUTh TEOPHI0 AUAIEKTPHYECKON HPOHHI[AEMOCTH, KyHAa
BRJIIOYAETCH 3JIEKTPOHHAA IONsApU3yeMocTb aromMoB. [emaerca aro
TOYTH TaK ke, Kak JiiA ;kARRocTell. Hexorophe Kpmeradas UMenoT
BHYTDEHHHE MOMEHTH, U BpAaIleHWe HMX TAK/Ke BHOCHT BKJAl B X.
B wmommmx wpmcrammax, Takmx, kak NaCl, Bosmmkaer Ttamxe
UOHHAA Rnosapusyemocmdb. I{PHCTANI COCTOMT M3 HOMOMKUTE]BHBIX
¥ OTPUNATENBHEIX MOHOB, PACHONOKEHHHX B IIAXMATHOM NODAJKeE,
¥ B JIGKTPHYECKOM IIOJIe IOJOKUTENbLHEIE UOHH TAHYTCA B ONHY
CTOPOHY, & OTpHMIlaTeélbHHEe — B ADYIYI0; BOSHHKAET pe3ylIbTH-
pylomiee CMENICHHE TOJOKUTENbHHX ¥ OTPHNATEIBHBIX 3aPANOB,
a CHaeoBaTeNbHO, M O0BeMHAs molsgpHsanust. Ml Moraum OB Ore-
HATH BEIWIHHY HOHHONM MONAPH3YEMOCTH, 3HAA SKECTKOCTH KpH-
CTAlIOB COJH, HO MH He OymeM celiac OCTAHABIHBATECA HA DTOM
BOmpoce.
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- - AUNECKAR DeuLemEQ Modcem Umems
ROCIMOSHKYI0 SHYMPEHHION NOAA-
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§ 7. Ceenemosaexmpuuecmeo; mumarnam Gapus

Mz onmmiem 3zech 0COOHIH KIACC KPHECTANAOS, KOTODHIE, MOKHO
CKasarTh, WOUTH CIyTaifiHO 061afa0T «BCTPOCHHEIM) HMOCTOAHHEIM
aJeKTpHIeCKAM MoMeHToM. CHTyands 3[eCh HACTOIABKO KDPATHYHA,
9TO0, ecIU CIerKa yBeIMYUTh TeMIepaTypy BHIIEe HEKOTOPOH, KpH-
CTAld 3TOr0 KJIacca COBCEM IoTepsieT mOCTOsAHHMI Moment. C apy-
TOl CTODOHHI, €CIH CTPYKTypa KpHCTanna OImM3Ka K KyOWYecKoii,
TAK 49TO0 JNEKTPHIEeCKHe MOMEHTH MOLYT PAaCIONaraThCs B DPASHHIX
HANPaBIEeHHUAX, MOKHO OOHAPY;KHTH GONBIINE U3MEHEHHA HOIHOIO
MOMEATA HTDH W3MEHEHHN OPWIOKEHHOTO HNIEKTPHYECKOTO MOJA.
Bce mMoMenTH mEpeBEPTHBATCA B HANPABICHUN MOJS, W ME TOIY-
gaeM OGoxpmioil agdexrt. Bemiecrpa, obaamaromme TAROTO poja
TOCTOAHAKM MOMEHTOM, HABKBAIOTCH CEZHEMOIACKMPURAMU *.

Mu xoreim 6M OGBACHMTL MEXAHH3M CErHETO3JEKTPUYECTBA
Ha YacTHOM IPHMepe KaKOrO-HHGYAP CEFHETO3JIEeKTPHYEcKOro Ma-
repuana. CerHeTOITEKTPUIECKHE CBOWCTBA MOTYT BOSHHUKATH HeEC-
KOJBKMMH OYTAME; OJHAKO MH paszfepeM TOIBKO OfUH U3 HUX HA
npuMepe TamHCTBeRHOro Turagara Gapma (BaTiO,). 3ro semecrso
o61azaeT RPHCTANIMYECKOH pemeTkoll, oCHOBHAA suefika KOTO-
poro uszoGpasxena na pur. 11.9. Oxasmpaercs, 9T0 BEHIE HEKOTOPOR
remmeparypst (a umenuo 118°C) tmramar Gapus — OOeYHHI nu-
JJE6KTPUK ¢ OTPOMHON AMIIEKTPHYCCKOH TPOHHIIAeMOCTBIO, & HIKE
3TOI TeMIepaTyps OH HEOKHZAHHO NpHOGperaer IOCTOSHHEIH
MOMEHT.

Ilpr BHYuCACHAN TMOAAPUBANUN TBEPAHX TEIX MBI JOJKHH CHa-
gana HAWTH JOKANbHEIE HOJIA B KAKMOH dlIeMeHTAPHOH sdeiike.
Ilpuvem pas »Toro HY;KHO BBeCTH HOJA CAMONl HOAADH3AMEN, KAK
3TO HeJaloCh B CIydYae ;xugroctd. Ho kpmcramn — He ofHOpPORHAL
JREAKOCTD, TAK YTO MH HE MOKEM B3ATH B KAY€CTBE JOKAIBHOTO
HOJs TO, 9TO MH HAmIIK B cepumdeckoil peipe. Ecum M caeraeM
9T0 NI KPHUCTAAAA, TO OKAKETCH, YTO MHOMKATENb /3 B yPAaBHEHUH
(11.24) caerka msMmernTcs, Ho Hemamsoro. ([ma mpocroro Ky6m-
9eCKOr0 KpHCTAAIa OH paBeH B Tognoctd Yj3.) Ilosromy mpepmo-
J0/KIM B HAlleM IPEIBapUTEAbHOM OGCY;KACHAM, ITO ITOT MHOMKH-
renb pana BaTiO, pgeiicrsurensHo paseH /.

Hamee, korga Mu nucanu ypasuerue (11.28), sam, masepmnoe,
OBIIO MHTEPECHO 3HATDH, YTO CAYyIHTCH, ecim Noo cramer Goasiie 3.
Ha mepsmit B3raan BeAnYUHA ¥ FOKHA OBl CTAaTh OTPMIATENLHOM.
Ho raxoro napepusxa me Moker 6uTh. IlocMorpuM, 9T0 mMpPOm3Oii-

* [lo-aHTMHACKA CcerHeTodMeKTpAdecTB0 HasmBaercs ferroelectricity
(pepposmexTprIecTBO); ITOT TePMAH BO3HEK IO AHAIOTHA ¢ (PeppoMarme-
TH3MOM: HaJ{9He CIOHTAHHOTO MOMEHTA (9JIEKTPHYECKOr0 B CErHETODJIeKTPH-
Kax, MarnmTHoro B ¢eppoMarsermkax), Touxm Hiopm, rucrepesmca m T. 1.
Onmako ¢usaMdecKas LNPHPOJA ITHX TPYHN ABJIeHUE coBepUIeHHO pa3amd-
ma.— Ilpum. ped.
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@ue. 11.9. Jaemenmaprasn auei-
xa BaTiO;.

Amomu & OeticmeumeasHocmu 3anoa-
Harom 60AbUWYI0 ¥ACTRL NPOCTAPAHCMEA;
NOKA3ANB, ~ MOALKO  NOAOHCEHUR  UX
yenmpos,

JeT, ecin B KaROM-HHOYIb

OTpejeJeHHOM  KpHCTAJIe

TMOCTeIEHHO  yBEINYHBATH

\/ snavenue o.. Ilo Mepe pocra

@ pacrer W MONAPU3AIUA,

o1 OB @ o~ co3gaBas GOJbInee JOKalIb-

' noe mone. Ho ysenrmanpiiee-

cA JOKATBHOE MOJE 3amo-

agpusyer aroM eme Gouplne, [ONOIHHUTEIBHO YCHIHBAA CaMoO

JOKaJAbHOE moje. Kcim aroMel [OCTATOYHO «HORATAMBEIY, HPO-

mece MpPOAONKAETCS; BO3HUKAeT CBOEro popma obpaTHas CBA3b,

OPUBONAINAA K Oe3ylepKHOMY POCTy moispusamuum (ecIm mpep-

HOJNORUTE, Ur0 MONAPHBALMSA Ka)KIOTO AaroMa YBEeIMIUBAETCS

OPOHOPIMOHAJIPHO IONI0). Y CIOBHE «PAa3rOHA» BOBHHKAET HpH

No. = 3. [lonspusanus, KORETHO, He OOpamaeTcss B 6ECKOHEYHOCTD,

[OTOMY 9T0 HPH CHABHEIX INOAAX IMPOMOPHUOHAIBHOCTE MEETY

HHAYHIDOBAHAKM MOMEHTOM M SIEKTPUYECKUM IOJNeM Hapymaercsd,

Tak 4TO HAINKM (OPMYAB CTAHOBATCS HEOPABHABHHMH. A momy-

9aeTcs TO, 9TO B DpeIIeTRy, OKAa3HBAETcs, (BCTPOeHa» (oxabIlas
BHYTPEHHAA CAMONPOM3BOJABHAA IMONAPH3AIHAA.

B caywae BaTiO; Bpo6asork K bdIEKTPOHHOH NOJAPHU3ANHH
UMeeTCHA MOBOJBHO GONbIIad HOHHAA HOAAPU3ANUSA, 06yCIOBIEH-
Hasi, KaK NPEeJHoaaramT, MOHAMM THTAHA, KOTODHIE MOTYT CIerKa
COBUIATHCSI BHYTPHM Ky6mueckoii pemerkm. Pemerxka comporms-
nsercd GOJBIINM CMEHICHWAM, TAK 9r0 MOH THTaHA, NEePeMeCTHB-
MUCHh Ha HeGOABLTOE PACCTOAHUE, 3ATOPMAKHBAETCHA M OCTAHABIM-
paercs. Ho rorga y KpHCTAXAWYECKOH pemmeTkm o0pasyercs mo-
CTOAHHBIM JUOOJIHHHIN MOMEHT.

Y 6onXpmMUHCTBA CETHETOIAEKTPUICCKAX KpPHCTAIAIOB Takas
CUTYyanHs Re{CTBUTEIBHO BO3HMKAET NPU BCeX ROCTHKAMBIX TeM-
meparypax. Ongpako turanar 6apist nDpefcTaBIsAeT 0COOHIT mATEpEC:
OH TAK MEIUKATHO YCTPOEH, 4TO IpU MajelilieM yMeHbIIeHHE N
MOMEHT «BHCBOGO;KFaercs». llockoabry N ¢ HOBHINGHHEM TeMIe-
PaTyYpPH YMEHBIHAETCA (BCAE[CTBHE TEIIOBOTO DACIIHDEHHs), TO
MOJKHO H3MeHATH No, MeHsst Temmeparypy. Hmxke RKpmrudeckoi

228




TeMmepaTyphl MOMeHT cpasy obpasyercs, W TOrAa, HaKIafkBas
BHEIIHee Tojie, TOAAPH3AIMI0 JETKO IOBEeDHYTh M 3aKPeHuTh B
HY}KHOM HAIPaBACHUN.

ITonpo6yem pasoGparbca B mpomcXoAsAmeMm Goiee HOLPOOHO.
Hasorem kpmrmueckoii temueparypy 1., mpm xoropoil No paBHO
B rounoctu 3. Ilpu ypeamdenun remuneparypsl 3Hauenne N HeMHOTO
yMeRbImaercs BCIencTsue pacmuperus pemerku. Ilockombky pac-
HINPEHAE MAX0, Mbl MOKEM CKasarb, 9TO BONH3M KPUTHUECKOI
TeMIePATy PH

Na=3—B (I —T,), (11.30)

rie p — Mamas KOHCTAHTA, TOTO 7K€ IOPAIKA BeJHINHEL, 9T0 I R03(-
QHUUEHT TEWIT0BOro pacmupenus, T. e. okono 1075—107"%pad~1.
Mogcrasnas »ro B smpamenme (11.28), momywaex

3—-p(Tr—1)

= l=Fa—p5 -

Hockoarsry Mt cumraem seamumnuy f (I' — 7)) mamoit mo cpanme-
HOIO C eJWHHIEH, MOKHO 3amMCATh UPUOIWKEnHO

9

o 1 2
% 1~[T——-(T—T¢) . (11.31)
910, KOHEYHO, cOpapefIABO TOAbKO aasas I > T,. Mu Bugum,
970 eclIU TeMIeparypa YyTh BEINE KPHTHYECKOIl, TO BeaWYMHA
% orpoMHa. Ms-3a Toro, 9yro Na Tar 6ausko K 3, BO3HHKaer rpo-
MagEHl 9PerT ycummeRHs W [UIIEKTPUIECKAs HPOHUIAEMOCTH
aerko gocruraer senmauns or 50 000 go 100 000. Ona rosxe BecbMa
YYBCTBHTENBHA K Temmeparype. Ilpm yBenrmuemmm rtemmepary phl
JMIICKTPAYCCKASA NPOHUIAEMOCTh YMEHbIiaercsi OGpaTHO mpo-
DOPHHOHANBHO TEMIEpPAType, HO B OTIATHE OT AWIOJIBHOIO rasa,
TAe pasBoctb ¥ — 1 ofpaTHO HPOMOPIUOHAIBLHA AOCOAIOMHMOL TeM-
IepaType, y CETHETOYICKTPHKOB OHA MEHsHercd O0paTHO IpPOmOp-
IUOHATBAO DA3HOCTH MEKIY abCOMTHOH M KpmrMIecKroir Temie-
parypamu (3TOT B3aKOH HaseiBaercHa 3akomom Kropu — Beiicca).
Uro monyuaercsa, KOrga M TOHW/KAEM TEMIEpATYpY O Kpu-
THYECKOTO 3HaveHuA? KEcaum KpueramandecKkas peITeTKa COCTOUT
u3 dJeMEHTADHHX sdYeeK BHAa, m3oO0paskemnoro Ha ¢ur. 11.9, ro,
0YeBHAHO, MOKHO BHIOpPATh IEIOYKU MOHOB BROIb BEPTHKAIBHBIX
aunanii, OfHa B3 HAX COCTOMUT HOIEPEMEHHO W3 MOHOB KHCJIODOAA
u turana. UMmeorca u gpyrue memoIKH, COCTOAMME JUO0 U3 MOHOB
Oapus, 1u60 M3 MOHOB KHACIOPONA, HO PACCTOAHUSA MEKIY HOHAMH
B/IOJb TAKUX AHHENN oraswisaiorea Goasmie. Mcmompsyem mpoctyio
Monenb, Boobpasup psaf moHHMX memodex (pur. 11.10, a). Bpoan
IEIOYKH, KOTOPYIO MH Ha30BeM IVIABHOH, PACCTOSHIE MEKY MOHA-
ME DPaBHO @, YTO COCTABIAAET NOA0GUHY TOCTOAHHOU PEIIeTKIL;
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D ue 11100 Moderu

CEe2HEMOoINEKMPUKQ .

0 — GNTMUCEZHEMOMERTPUK ]

6 — HOpMAALHBL
9ACEMPUK.,
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cegnemo-

TIONePeTHOe PACCTOAHTE MEKIY ONHHAKO-
BHIMH IleIOYKaM® paBHo 2a. B mpomemyr-
Ke HMEOTCH MeHee ILIOTHHE IeN0uKH,
KOTODHIE MH IIOKa He GyjeM paccMarpm-
Bath. UTOOH HEMHOTO YOpPOCTHTH Ham
apann3, NPeANONOKUM €UIe, 9TO BCe MOHML
INaBHOI HMemoYKHM OfAHAKOBH. (Ympome-
HIe He OYEHb 3HATUTEIHHOE, IOTOMY UTO
Bce BaykHapie 2QQPEerTH emle OCTAHYTCH.
970 WPOCTO OAHA M3 XUTPOCTEH TEOPETH-
decKoit ¢pmsmrm. CHadama pemaiT BHO-
M3MEHeHHYI0 3afady, MOTOMY 4TO TaK B
nepBuil pa3 ee Jerde IOHATH, 4 34TEM,
pasobpaBmmch, KaK BCe TPOUCXOMHT,
BHOCAT BCE YCIOKHEHHS.)

Ilompo6yemM Temepp BHIACHATH, UTO
Oyzer upomcxofmTh B Hallell Mogeln.
ITpepmomomumM, 9T0 AAXOABHHIH MOMEHT
KayKOr0 HMOHA PABEH p, MW IyCTh MH
XOTHM BHYNCIATH LOJe BOAH3H OFHOIO
U3 MOHOB B Lemoure. Mul To/:kHH HaliTh
CYMMY LONEHd OT BCEX OCTATBHEIX HOHOB.
CrHavana BHYACIEM IIOJie OT [MWIOJEl
TONBKO B OJIHONW BEPTHRKATBHON IemOUKe;
00 OCTAJIBHHIX IEIOYKAX IOTOBOPUM HO3-
swe. Iloe Ha paccrogHum r oT AUOONA B
HAOmpaRIeEHE BAOAb ero ocu maerca Gop-
My ol

1 2p (11.32)

T hrnigy 13 °

Huaa Tourn B6amsm ao6oro mona upo-
9me AUNONN, PACHOJOKEHHEE HA OfHHA-
KOBOM PACCTOAHHA KBEPXY W KHH3Y OT
Hero, JalT HOJA B OGHOM M TOM jKe Ha-
TpaBJIeHAN, II09TOMY [JIsl BCell HmemOYRm
moJygaeM

2/ 2 2 2
Euenoqua: P —(2+_8+f+@+):

4me, ad

=2 038 (11.33)

gy 4
He mpepcrasiaser 60bImoro Tpyla HOKAa-
3aTh, 9TO ecaIHm OH Hama MONeAb OHJIa
nopobna Ky6HMIecKOMY KPHCTAANy, T. e.
eciE OH ClHepylomas WECHTHIHAA JHHAA
OpoOXOgWia HA PACCTOAHAHN &, YUCHO



0,383 mpemparmaoce 6u B Y5 (~0,333). pyramm caosamu, ecim
Obl COCeIHNMe JIWHAW NPOXONWAW HA PACCTORHAH ¢, OHH BHOCIIHA
On 8 Hamy cyMmy Bcero jgmmb —0,050. Ograko caegyomas riaas-
HasA MeH0IKa, KOTOPYI0 ME DPACCMOTPHM, HAXOQUTCH HA PACCTOSHAL
2a, 9, KK BH DOMHHATE H3 TJ. 7, IOle, CO3/[aBAEMOE IePHOANIECK Oif
CTPYKRTYPOil, cIafaeT ¢ paccTOsSANEM JKCIOHeHIuaNbHO. IloaTomy
9TH JWHUEA BHOCAT B CYMMy ropaspgo Mebie —0,050, n Mu MoKeM
npocTo NpeHeGpeds BCEMH OCTAABHHIMM IEHOYKAMI.

Teneps HyXHO BHACHHTH, KAKOBA JOAKHA OHITh IOJAPHU3YE-
MOCTh ¢, 9TOGH NPHUBECTH B AelicTeue MexanusMm pasrouna. Ilpemgmo-
JIOYKEM, 9TO HHAYIMPOBAHHLIE MOMEHT p KayKgOT0 aroMa MEeNOYKH:
B cooTBercTBEM ¢ ypasrHenueM (11.6) mpomopmmonalen meficTBylo-
memy Ha Hero moaio. Ilonapusylomee moxe, geficrsyiolliee Ha aToM,
ME modydaeM u3 E .. ¢ Homompio dopmyas (11.32). Hrax,
MB HMeeM [Ba ypPAaBHEHUSA:

pP= OﬁsoEuenqua

0,383 p
as g, °

Enenoqxa=

MNmewres gpa pemenns: korga E u p ofa pasan myano u korga B
¥ p He PAaBHB HYJI, HO IIPU YCJIOBHUH, UTO

a3
*=5,383 -

Tarum oGpasoM, ecaw o gocruraer permsuns ¢°/0,383, ycranasan-
BAETCA TOCTOSHHAA WOJNADPH3ANMA, HOLLEpP:KMBAEMas CBOUM COG-
CTBEHHHIM TIOJIEM. JTO KPHUTHIECKOE PABEHCTBO OMKHO KOCTHIATh-
cA i THTaHara Gapus Kar pas upum temueparype I, (3aMerbre,
910 ecAy OH TMOJAPH3YyeMOCTh o GrIa GONbIie KPUTHISCKOTO 3Ha-
denus A8 cAabkX ponell, TO OHA YMEHBIIWTCS HpH OONBINHEX
HONAX W B TOUKE PABHOBECHS YCTAHOBMUTCA IOJYdYeHHOE HAMHU Da-
BEHCTBO.)

Ina BaTiO; mpomexyTor @ pasern 2-107% cu, mostoMy Mel
DOKHK OHNary sHadeHusa o — 21,8.1072% cxu3. Mo MoxeM
CPAaBHHUTHh BTy BEIWIMHY ¢ M3BECTHHIMHU BEAWYWMHAMHI HOJAPHU3Ye-
- MOCTH OTHAENBHEIX aroMon. Has xuciaopoga o = 30,2-1072¢ cad,
(Mu ma sepaom mytu!) Ho munsa turana o = 2,4.-10~ 24 cx®. (Cnmm-
koM Mano.) B nameit momenu HaM, BULUMO, CIeyeT B3ATH CpefHEE.
(Mer Morau OB pacciurarb CHOBA HEMOURY JJIsi HePEeMEe;RAI0IINX Cs
aToMoB, HO pesynbrar Owa O6m mourm Takoii ke.) MWrax,
Cepenn = 16,3-10“%,4 cM3, 9TO HEJOCTATOYHO BEIMKO MIA yCTAHOB-
JIGHHS HOCTOSAHHOH NOJApU3AIHH.

Ho mopgospmre! Mm Bemp 0 cHX IOP CKIAAHBAIH TONBKO
BIIEKTPOHHBIE TOMAAPA3YEMOCTH. A eCTh ellle M MOHHAA MOJAPH3a-
nHusA, BOZHMKAWWIAA M3-32 CMEUIeHWs WOHA TtHTana. Opmako mo-
tpefyercsi MOHHASA HONApHE3YeMocTh Belxmumuoil 9,2.10-2¢ cmd.
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(Boznee TOUHOe BHUMCIEHHE € yIeTOM IEPEMEKAIOMUXCA ATOMOB
TMOKas3pBAeT, YTO HA CaMoM pneixe tpebyercs gaske 11,9-10-24cm.)
Yrobm nmomEarh cBolictBa BaTiO,, MH [OMKHH Dpeamono:KHTh,
uTOo BO3HEKAET MMEHHO TAKasd HWOHHAA HOISAPH3YEeMOCTbH.

Tlouemy monm THTAHA B THTAHATE GAPHA HMEET CTOJH GONBINYIO
MOHHYI0 HONIAPH3YEeMOCTh, Hem3BeCTHO. bojiee TOTO, HEHOHATHO,
moYeMy DPHE MEHBIINX TeMIEepaTypax OH HOJAPHBYETCA OAMHAKOBO
XOpOII0 B B HANPABICHNN AMATOHAJH Ky0a M B HANPABICHAN JHAATO-
ganau rpand. Eciam Mel BoYmenuMm HeHCTBUTEIBHHBE pPaszMepH Ima-
puxos ma ¢ur. 11.9 m mompobyem maiitm, FOCTATOIHO JU CBOOOIHO
TATAH JePKATCA B KOpPOOKe, 00GpPasOBaHHOH COCERHEMHU aTOMAMH
KHcaopopa (a 9T0ro XoTexoch Owl, IOTOMY 4TO TOrfa ero Guio Ou
JIETKO COBUHYTDH), TO MOJIYIATCH COBCEM IIPOTHBOIOJ O;KHHIM OTBET.
On cuAuT OYeHb WIOTHO. ATOMH Oapus mep:KaTcs HAMHOIO CBO-
OopHee, HO €CIH CYMTATH, 9TO BTO OHM ABIWKYTCA, TO HAYErO HE
noayanrest, Tak 9To, Kak BEOUTE, BOIPOC COBCEM HE SICEH; OCTAIOTCH
elle 3arajfiKkm, KOTOPHE OYEHb XOTEI0Ch O pPasrafarh.

Bosepamiasick ®k mamell mpocroit Mopenu (cM. ¢ur. 11.10, a),
MbF BHAMM, 9TO OJE OT OfHOM Ienodk® OyJAeT BH3KHBATH MOAAPU3A-
U0 COCeRHEl MEMOYKU B RPOMUSOROAOICHOM HAUPABICHHH. ITO
3HAYAT, ¥TO, XOTA KayKAAd HEHOYKa Gyaer 3aMOpOReHa, MOCTOSH-
Hag NOAApH3anusA B equnnne obsema Gymer pasHa Hyao! (Breninune
SIEKTPHIECKHE TPOSBICHAA TYT He BO3HAKIH O, HO MOKHO OblI0
6n Habalogath ONpefeldeHHbHE TepMORHHAMUTECKHE BPPERTH.)
Taxue cHCTEMH CYIECTBYIOT H HABHBAIOTCH OHE AHINUCEZHEMOIACKM, ~
pukamy. llosTromy mame ofbsacHenme PaKTHYECKH OTHOCHIOCH K
aHTHCETHETOYNEKTPUKAM. OpHako B [EHCTBUTEIBLHOCTH THUTAHAT
Gapuss YCTPOGH O9YEHh MOXOKEe HA TO, 49T0 H300paAKEHo Ha
¢mur. 11.10, 6. Bee kucnopogo-TATAHOBEE MEH0TKA MOMSPA3OBAHEL B
OfftHOM HATPABIGHHH, IIOTOMY YTO MEKAY HEMH HOMEMIATCH mpOoMe-
JKYTOYHEIE IIENOYRY ATOMOB, X OTS ATOMH B 9THX I[€NOTKAX 1O PH-
30BaHH HE OYEHb CHJIBHO M HE 0YeHb TECHO pPACIOIO/KEHK, OHH
BCe-TAKE OGyAyT HEMHOTO MOJAPH30BAHE B HANPABICGHUH, AHTH-
mapaiieIbHOM KECIOPOZO-TATAROBHM menouram. HeGoapuime mo-
N1, CO3mapaeMee y CIAEAYIOHIeH KHCIOPONO-THTAHOBON IENOYKH,
34CTABAT €€ HOJAPH30BATHCA Dapaiaensno mepsoil. Iloaromy
BaTiO; na caMoM fene CErHETOdNEKTPHK, U IPOHM3OMIO BT0 Gia-
Tomapsi aroMaM, HaxXOmsaIAMCA B mpoMeskytre. Bm Momere cupo-
CHATBh: «A 9ro jKe IMOJYYAeTCHA ¢ NPAMHM B3aUMOMEHCTBHEM Mesy
asymsa nenouramu O — Ti?» BemoMamMm, ograko, 9T0 IpAMoOe B3aH-
MopeiicTBie yORBaeT ¢ PacCTOARMEM DKCIOHEHIIMANbHO; AelicTnue
LEMOYKA U3 CUAbHbL KHOONEH HA PacCcTOAHAN 2a MOKeT OHTb MEHB-
me JeHCTBEA HEeNOYKHM CAabHX JWIOJeil Ha PACCTOSHAH da.

Ha stom Mu 3ax0oH9MM JOBONBHO MOLPOGHOE H3JIOMEHNe HANTAX
CerONHAIANX NIO3HAHMA O JUATeKTPHYECKHEX CBOICTBAX rasos,
ANKOCTE W TBEpPHHX Tedl.



I'erasa 12

IJERTPOCTATUUYECRHME AHAJIOTNN

§ 1. Oounarosste ypasnens —
00 UHAKOBBIE PEUECHUA

Bea undopmamus o guamieckoM M@pe, HpH-
00GpeTeHHAs €O BPEMEHHW 3apPO;KIAEHHUS HayIHOTO
Iporpecca, MOUCTHHE OFPOMHA, M Ka:KeTCS HOYTH
HEBEDPOSTHBIM, YTOOH KTO-TO OBJAfeN 3aMeTHOI
gactblo ee. Ho artmaecku QuU3nK BIOIHE MOKeT
mocrudb obmue CBoicTRa (U3MYECKOr0 MUDA, HE
CTAHOBACH CHENUATHCTOM B KAKOH-TO Y3KOH 00-
sacra. ToMmy ects Tpu upmumaH. Hepgas. Cyure-
CTBYIOT BeJUKHE HPHHIUNGI, HPUMEHUMEE K JI0-
OBM ABIEHHAM, TaKWe, KaK BaKOH COXpaHEHHUd
9HEPTHM B MOMEHTA KOJam9ecTBa ABM;KeHuA. I'my-
00KOe IOHMMAHWEe 9THX UPHHIUNIOB [O3BOJAET
cpazy moCTHYh OYeHBL MHOrme BemH. Bmopas.
OxaszmBaercs, 910 MHOTHE CJIOKHLIE SABJCHHA,
RaK, HAOPHEMEP, C/RATHE TBEPIHX Teld, B OCHOBHOM
00y CaOBIUBAIOTCS DIEKTPAYCCKMMH U KBAaHTOBO-
MEeXaHNYEeCKUMM CHJIAMHU, TaK YT0, IOHAB OCHOB-
HEI€ 3aKOHBI DJIEKTPUUIECTBA M KBAHTOBOM MeXa-
HUKM, UNMeeTcsA BO3MOJKHOCTh HOHATH MHOTHE
AIBICHUSA, BO3HUKAIONME B CIOKHEX YCIOBHUAX.
Tpemovsa. Umeerca 3aMedarenbHeiiee copnamesmne:
Y pasnenua 0as camwix paswnx Pusuueckuz yc.io-
8ull wacmo umewm 6 mouHocmu 00uHakoswli 6ud.
Ncnonpsopannkie CHMBOIB, KOHEIHO, MOTYT OHTh
PasHEIME — BMECTO OIHOH GYKBH CTOHT Jpyras,
HO MaremarduecKas GopMa ypaBHeHHIl ofHA M Ta
jKe. ITO 3HAYMUT, 9TO, MBYYUB OMHY O00AACTh, MH
©cpasy MoIydYaeM MHOKECTBO TPSMHX M TOYHBIX
CBEJeHHIl O pEIIeHUAX YpPaBHEHHHE MIA APYI oW
obracT.

Mm 3aKOHYBIN DIERTPOCTATHRY M CKOPO Ie-
pefieM K M3y9eHHI0 MaTHETH3Ma W BJIEKTDPOAHHA-
murd. Ho mpexpe xoremocs 6m moxasarp, 410,
H3VUHB YIEKTPOCTATHRY, MH OFHOBPEMEHHO y3Ha-
¥ 0 MHOTHX APYyTUX sBieHEAX. Mo yBHIuUM, 9TO

§1.0qunakossbie
Ypa BHeHH —
OIHHAKOBbLIE
pemieHnsn

§2.Morox Temiaas
TOYEYHbIT HCTOY-
HUME BOXH3N
OCCROHEYHOIT
IETOCKOI rpaHAHbl

§3.Haranyran
MeMOpana

§4. L dysnan
HeliTpoHOB: cde-
PHUYECKH-CHMMCT-
puuYHbl  HCTOYHHK
B OfHOPOXHOI cpe/ie

§3.bessuxpesoe
TeyeHIe KUAKOCTH;
ofTeRaHue mnIapa

§6.0crenienne;
paBHOMEPHOE OCBC-
weHue MIOCKOCTH

§7. «@ysnaMenTa.ibh-
Hoe eNHHCTBO»
NPUpPOABI



ypaBHEHHsA DIEKTPOCTATAKN QETyPHAPYIOT H B PAAE APYrux obiacrei
¢msmxu. Ilyrem npsaMoro mepenoca pemeHnil (OAEAAKOBHE MaTeMa-
THYECKUe YPaBHEHHWA HOJKHH, KOHEJHO, HMETh OJWHAKOBHE pe-
NICHHA) MOMHO pPemaTh 3afaiW H3 ADPYIEX obgacrell ¢ TOH ime
JIeTKOCTBIO (MAKM C TAKHAM K€ TPYHOM), KAK ¥ B DIEKTPOCTaTHKe.
Ypasuenus 3»IEKTPOCTATHKM, KAK ME 3HAeM, TaKHe:

V. (xE)==Lfoet (12.1)
V]
VXE=0. (12.2)

(M mumeM ypasHEHHA DIEKTPOCTATHKE B HPHCYTCTBUM JHIJIEKT-
puKoB, 9ro0H ydectp oOmmil caywail.) To ;xe ¢pmsmmeckoe comep-
JaHAe MOoyKeT OBITh BHPayKeHO B JDPyroil MareMaruieckoil dopme:

E=—vyg, (12.3)
V. (nyq) = — Loz | (12.4)

o
1 Bor cyrh gena 3arI09aeTcs B TOM, 9TO CYHIECTBYET MHOKECTBO
$usmuecknx mpobaeM, A KOTOPHX MaTeMaTHIeCKHe yPABHEHHA
uMeroT To9HO TaKoll e Bux. Cloma BXoguT moreRnHaa (@), TPaTueHT
KOTOPOro, YMHO;KEHHHI Ha CRATAPHY0 QYHKUIHIO (%), EMeer IH-
BEPreHI WD, PABHYIO APYroll cRaJsprHOi QyHRuAN (—p/€,).

Bee, 410 HaM H3BECTHO W3 DIEKTPOCTATHKY, MOKHO HEMENJICHHO
mepenecTn Ha Apyroii obwext, m maoGopor. (IlpmHuwm, womeuno,
paGoraer B 06e CTOPOHH: €CIU U3BECTHH KAKHE-TO XAPAKTEPUCTHARK
ApPyroro o0beKTa, TO MOKHO HCHOJB30BATH STH CBEJEHAA B COOT-
BETCTBYIOMEN 3ajfade mo saexrpocrarmke.) Ml paccMorpum psif
OpHEMEPOB U3 PasHHX obiacteil, KOIJa NMeIOTCA YPABHEHHA TAKOTO
BEJA.

§ 2. Homor menaa; Mouewnsit UCMOUHUK AU
Oecionen1t9oit NAOCKO 2paHUUbBL

Pamee mu yse oGeymganu (ti. 3, § 4) morok renaa. Boogpasure
KYCOK KakKoro-TO MarepHala, He0OA3aTelIbHO OJHOPOXHOLO (B pas-
HEIX MeCTaX MOKeT OwITh pasHoe BEIIeCTBO), B KOTOPOM TeMuepa-
TYpa MEHsIeTCH OT TOYKH K TOUKe. HaK CIefCcTBHE BTHX TeMIEparTyp-
HBIX MBMEHEHMI BOSHHKAET MOTOK TeIIa, KOTOPHU MOMKHO 0003Ha-
qu1s BekropoM h. Om mpegcrapiser cofolf KOAWIECTBO TENMIOBOIT
9HEPruH, KOTOpOe HPOXOMNT B 6AHHHUILY BpeMEHH ¥epe3 eJUHTIHYIO
OJI0IAKYy, HepHeHIuKYIAAPHYo DnDoroKy. Jusepremmus h ecrh
CKOPOCTE yXOJAa Temja M3 FAHHOTO MecTa B pacdere HA ELHHULY
obnema:

v -h == Cropocts yxoaa renna Ha enunumy ofbea.

(Mrt MOTJIH, KOHEYHO, 3aMACATh YDABHEHHE B MATETDAIBHOM BHJE,
Kak MH DOCTYymaay B dJIeKTpopmuHammke ¢ saxomoM ['aycca, torga
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OHO BHpaKaKo OH TOT QaxT, 9T0 MOTOK 9epPe3 MOBEPXHOCTL paBen
CKOPOCTH H3MEHEHHUs TeIIOBOI DHepPIuy BHYTPH Marepuana. M me
Oymem OGoxbpile nepeBojUTh ypaBHeHHs u3 pudpdepennmanproil
¢opMHl B mHTETPAIBHYIO W 06paTHO, DTO JENAETCSA TOYHO TaK Ke,
Kak B BIEKTPOCTATHKE.)

Cropocrp, ¢ KOTOPOH TemIo WOIIOMAETCS WIHM POKAACTCA B
PasHHX MecTax, KOHEYHO, 3aBHCHUT OT ycaopmili samaunm. Ilpegmo-
NO/KEM, HapUMep, 9TO UCTOUYHHK Tellla HaXOJHUTCHA BHYTPH Mare-
puaia (BO3MOMKHO, PAKMOAKTHBHHI MCTOYHHK WIW CONPOTHBICHHE,
gepes KOTOPOe HpomycKaoT Tok). O6G03HAYUM Hepe3 s TeII0BYIO
9HEePTHUIo, HPOU3BOLUMYI0 JTUM HCTOYHHKOM B efMHUIEe 00bema
3a 1 ces. Kpome toro, MOryr BO3HEHKHYTH morepm (Wim, HaoGopor,
NODONHUTeIbHOE POKACHNE) TEINIOBOM JHEDPIHH 3a CYeT mepexoja
B Apyrue BUH BHYTpeHHEH »Hepran B manHoM obneme. Eeim u —
BHYTPEHHSSA SHEPIrusi B eRuHHIe o6beMa, To —du/dl Gymer rome
HIPATh PONB «HCTOYHHKA» TEMAOBOH dHeprum. Mrar, mmeem

y-h=s— (12.5)

Mu me coGupaemcs 3gech 006Cy:KIaTh MOMHOe ypaBHEHHE, Be-
JIWYNHK B KOTOPOM H3MEHAITCA CO BPEMEHEM, HOTOMY 4TO0 MH TIPO-
BOAHM AHAJIOTHIO C 3JIEKTPOCTATHROMN, I'le HUITO He 3ABHCUT OT Bpe-
mern. Mm paccMorpuM TOJNBKO 3alaTH ¢ ROCMOAHHHLM ROMOKOM
menag, B KOTODPHIX DOCTOSHHEIE MCTOYHHUKE CO3LAIOT COCTOSHUE
paBHoBecus. B Tarmx ciaygasx

v-h=s. (12.6)

Hy:mxuo nMers, KOHEYHO, eme OTHO YpaBHEHHE, KOTOPOE OMMCH-
Baer, KaKk MOTOK TEWeT B pasHHX Mecrax. Bo MHOIHX BellecTBax
TOTOK TEmIa NPUMEPHO NIPOMOPHHOHATIEH CKODOCTH H3MEHeHH:A
TEMIOEPATYPHl ¢ IMOJOKEHHeM: ¥eM OOJIbIe PasHOCTb TEeMIEeparyp,
tem Goabine mMOTOK Temia. Mel 3HaeM, 4TO @eKmop HOTOKA TeIia
MPOMOPIMOHANEH TpafueHTy TteMmeparypu. Homcramra mpomop-
nuoHambnocTn K, 3aBucAnias OT CBOHCTB MaTepwana, Ha3HBAETCH
Eoshpuyuenmon, menaionposodrocmy

h=—KVT. (12.7)

Ecau csoiicrBa Marepualia MeHANTCA OT TOYKH R TOUKE, TO
K=K (z, y, z) u ects ¢yHruus moiosenus. [Ypasrenue (12.7)
He cTOoab QyHpmamenTaabmo, Kak (12.3), BHpasralmee coxpaHeHnme
TEINIOBOM HHEPTUM, LIOTOMY 9YT0 OHO B3ABHCHT OT XAapPaKTepHHIX
cpoitcrs Bemecrsa.] [logcrasass remeps ypasuenue (12.7) 8 (12.6),
noJyYaeMm

V. (KVT)=—s, (12.8)

910 B TOYHOCTH cosuazgaer no dopme ¢ (12.4). 3adauu ¢ nocmoannsim
nomoKoM menaa U 3adaiu aaekmpocmamuru 00uHakosw. Bertop
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D ue 12.1. Tomor menasa 6 cayuae
yuarurdpuneckot cummempuu (a) v
coomeememeynwwas 3a0aua us sick-
mpuuecmea (6).

norora remna h coorsercrayer E, a rem-
neparypa I' coorpercreyer ¢. Mu ysxe
OTMEYAJIM, YTO TOYEYHHI TEIIORBOIl
HCTOTHHMK CO3[AeT TMOJEe TeMIeparyp,
Menglomeecs, Kak 1/r, m mOTOK Temia,
Mensglompiics, rar 1/r% 910 ecrb He
foaee deM WPOCTOI IEPEHOC yTBEPIKIE-
HEII HXEKTPOCTATHKH, YTO TOYCUHHII
3apA] AaeT HOTEHIHAJ, MEHAIUACSH,
rak 1/r, m aserTpUIECKOe TONE, MEHHA-
wmeecs, kak 1/r%. Boobie met Momem
pemiath CTATHCTHYECKHE TEILIOBHIE 3a-
Ja9H ¢ TOH jKe CTemeHbI0 JeTKOCTH,
KaK H 3aJa9d 9JIEeKTDPOCTATAKH.

PacemorpuM mpocroit mpmmep. Ilycrs mmeercs mmamsgap ¢ pa-
JuycoM a upu Temueparype I',, mopaep;kuBalolleiicsa 3a cuer reHe-
panuu remwia B quauagpe. (9To MoKeT ObiTh, CKayKeM, HPOBOIOKA,
IO KOTOPOIl Teder TOK, WAW TPYOKRA ¢ KOHNEHcamWell mapa BHYTpH
muaegpa.) Lniwaap DOKPHT KOHNEHTPAYECKOH OOMMBKON U3
U30JMPYIOMEro Marepuaga ¢ Temronposoguoctso K. Ilycrs pHemm-
HEH paguyc M30Jsnuu paseH b, a B HAPY;KHOM HPOCTPARHCTBE HOJ-
gepxuBaercH remneparypa 1, ($ur. 12. 1, a). Ham nyxuo onpepe-
JIHTHh CKOPOCTh HOTEPH TEIlia HPOBOJOKON MAW mapoHnpoBogoM (Bce
PABHO ¥eM), OPOXOAAIWM WO meHTpy muauaapa. Ilycre mommoe
KOJHIECTBO TeIlja, TePAeMOro Ha fiuue TpyOst L, pasHo G, ero-to
MB H XOTUM HAWTH. )

Kax mago pemarh Tarylo samauy? ¥ mHac ecrs AuddepeHnmainb-
HEIe YPABHEHMUSA, HO MOCKOJBKY OHU TaKWe ;Ke, KaK B DIEKTpPOCTra-
THKE, TO MAaTeMATHYECKOE PENIeHTe MX HAM yiKe M3BECTHO. AHAJIO-
THYHAA 3371292 DIEKTPOCTATHKE OTHOCHTCS K TNPOBORHHUKY Dafuy-
CcOM @ TpH HOTeHHHANEe ¢;, OTJEJEHHOM OT ADYroro IPOBOZHUKA
pagmycoM b mpHM noTeHUHANe ¢,, ¢ KOHHEHTPHIeCKHAM CJIO0eM [IH-
sueKTpuka Medkpy Humm (fumr. 12.1, 6). [lamree, DOCKONIBKY HOTOK
remia h coorsercrayer amexTprEIeckoMy mouawo E, To Rama nckomas
BeINYHHA (G COOTBETCTBYET IOTOKY SJIEKTPHYECKOT0 MOIA OT eRu-
HAYHOM [IMHN (IPYyTUMH CJIOBAMHU, DIEKTPAIECKOMY B3apsgy Ha
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eTURUNE [IWHE, [eTeHHOMY Ha €). MW pemamm 5IeKTpOCTATH-
YecKyIl0 3afady ¢ mMomoulslo 3aKomHa l'aycca. Hamy 3a7aqy o IOTOKe
Temia Oy/eM pemiath TaKHM e CIOCOGOM.

W3 cmmmerpud samaum Mel BHAMM, 4TO £ 3aBUCHT TOIBKO OT
paccrogaaua [0 neaTpa. IloaroMmy ME OKpPY:KEM TPYORy rayccosoit
MOBEPXHOCTBI0 — IWIHHAPOM JyinHol L m pagaycom r. C DoMOIIbI0
saxona ['aycca Mbi BEIBOREM, YTO IOTOK Temna A, YMHOKeHHHIH Ha
ILTOMAAb MOBEPXHOCTH 27mrLl, modsked GBHITH PaBeH HOJHOMY KOJH-
9eCTBY TEIJIa, POKIAEMOMY BHYTDPH, T. €. TOMY, YTO Mbl Ha3Bald®m G:

G
2wrLh=G, mmt h=g . (12.9)

IToror temna mpomopnmomaleH T'PAgHEATy TEMIIEDPATYPbi
h=—KvyT,

WIA B HAaHHOM cCJdydYae BeJlHNdUHA h paBHAa

h=—K4,
dr
Bumecrte ¢ (12.9) aro pmaer
dT G
& = " oRKLr (12.10)

WNurerpupys or r=a a0 r=»>5, noxyuaeM

G b
T.Z——lemmlnz. (1211)

Paspemas orBOcuTedbHO (G, HaxommM

 2nKL (T, —Ty)
¢ =" (12.12)

9TOT pesyabTAT B TOYHOCTH COOTBETCTBYeT (OpMyle AIA 3apAna
OHIHHAPHTICCKOTO KOHIeHCATOpA:

_ 2ngoL (91— 9s)
Q=

Baxgadn OJEHAKOBEE W AMET OIMHAKOBEE PelieHns. 3Had IeKTPo-
CTATHKY, MH TOM CAMHM 3HAEM, CKONBKO TEINIA T€PAeT U30INPOBaH-~
gasg Tpyba.

PaccmoTpum eine ogud mpuMmep. IlycTh MH XOTHM y3HATH HOTOK
Temaa B OKDPECTHOCTH TOYEYHOTO HCTOYHHKA, DACHOTIOMKEHHOTO
Hery6OKO 10/ IOBEPXHOCTHIO0 36MIM WIH Ke BOIHN3H MOBepXHOCTH
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60abMIOT0 METAMIAIECKOTO mpeiMeTa. B KadecTBe JOKANA30BAHHO-
ro WCTOYHHMKA TemIa MokeT OwTh W aToMHAA GomGa, KOTOpas B3Gp-
Bajach Iop B3eMIell W mpemcraBaseT coGoifl MOINHHI HMCTOTHHK
Tenjia, WAM Ke HeGOJMBMON HCTOYHHE PAXUOAKTHBHOCTH BHYTpPH
FKEIE3HOT0 GIOKA — BOBMOIKHOCTEH OYeHB MHOIO.

PaccMorpEM BIeallH3MpOBAHHEYIO 3a1ady O TOYETHOM HCTOUHUKE
Tem1a, MODIHOCTD KOTOPOTO (G, HA PACCTOAHUK @ L0/ HOBEPXHOCTHIO
OeCKOHETHOH OFHOPOXHOH cpefs ¢ KOI)PMIHEHTOM TEILXOIPOBOJ-
gocrr K. TemnomposogHOCTHIO BO3yXa HAf TOBEPXHOCTBIO CPEIH
Mbl mpeneGpeskeM. Mpl XOoTuM OHmpefennTb pacHpefesneHiie TeMme-
paTypH HA MOBEPXHOCTH Cpefnl. HacKOIbKO ropsauo Gyger HpAMO
HAJ MCTOYHMKOM M B PA3HEIX MecTaX Ha HOBEPXHOCTH?

HKag e pemnts a1y 3amavy? OHa HOX0/KA HA 3429y HO JIEKTPO-
CTATHKEe, B KOTOPOH HMEI0TCH [[Ba Marepuaja ¢ Pa3HON JUAIERTPH-
4eCKOll IPOHUIIAEMOCTBI0 % mo 00e CTOPOHBI OT pazie’sdIiedl mx
rpaHunp. 3xech I10-10 ectb! B03MOyKHO, 9TO MOX0KE HA TOYETHBIN
3apsia BOMH3KM TPAHANE MEKAY AUDIEKTPAKOM U IPOBOIHUKOM MIH
q10-HA0Yap Bpome »rtoro. Ilocmorpum, d9Té mpomexoamr BOAUZH
rpanunsl. QU3HIECKOE yCIOBUE COCTOMT B TOM, YTO HOPMAIbHAA
COCTABAANMAST h HA TOBEPXHOCTH DABHA HYAH0, HOCKOIBRY MBI
HpeANOIOKUAN, IT0 mMOTOKAa m3 Oaoka Her. Mul ROKHH 3amgarh
BOIPOC: B KAKOW BJIEKTPOCTATHYECKOH 3amade BO3HHKAET yCIAOBHE,
YT0 HOpPMAJbHAsA KOMIOHEHTA 3JMerTpuueckoro moiasa E (mpepcras-
agromas coGoit apamor h) pasua wyaio y nosepxaocru? Her rakoii!

910 OfMH M3 TEX CIAy4aeB, K KOTOPBIM CIefyeT OTHOCHTLCH
¢ ocroporHOCTBIO. llo PusmueckuM mpuIMHAM MOTYT GHITH Ompe-
OEelICHHBIE OFPAHWICHUSI TeX MATEMATHIECKUX yCIOBHIl, KOTOpbHIe
BOBHHKAIOT B KAaKOM-IuGo caywae. [losromy ecim Mbr mpoananusu-
posagu nmpdepeHnMATBEHOE ypaBHEHWE TOJABKO I HEKOTOPHX
OTPAaHWYEHHHX OPHUMEPOB, TO BIONHE MOKeM YIYCTHTH PSJ pere-
uuil, BOIHAKAWINUX B APYrEx ¢usmuecknx yciosuax. Hampumep,
yer MaTepmaia, 00Jafalomero AUdIeKTPUIeCcKoll MpOHIIIaeMOoCThIO,
PAaBHOIT HYII0, a TEIIOIPOBONHOCTE BAKYyYMa pasra Hynw. [loaromy
HET 3JIEKTPOCTATHYECKOTO AHAJAOra WIGATBHOTO TEIIOH30JATOPA.
Mnr Mo:xeM, ONHAKO, HOIBITATHCH HCIOJAB30BATH TE e Memodu.
Hompo6yem soo6pasume, 910 mpomsomIo 6B, ecin G NTUITEKTPH-
qeckasd IPOHHIAEMOCTh 6wtea pasHa Hymi0. (PazyMmeercs, B peann-
HHIX YCIOBHAX AMAIEKTPHIECKAA HPOHUIAeMOCTh HHKOT/IA He 00pa-
maercsa B HyAb. Ho Momer mpemcraBuThCA Crydail, KOI/[a BeIIECTBO
uMeeT OUYEeHb O04byI JUBIEKTPHIECKYI0O TPOHHI[AeMOCTh, TaK
9TO JUIIEKTPUYECKOH HPOHHIAEMOCTHIO BO3AYXa BHE CPEJsl MOKHO
npenedpedsn.)

Kax >xe naliTu saexTpraeckoe mosie, y KOTOPOro HET COCTABIISIO-
pieli, mepmeHAEKYAsApHON K mosepxmoctu® WHade rosops, rtaroe
mojie, KOTOPOe BCIONY Kacameabho ¥ momepxmocTu! Brr 3amermre,
47O 9Ta 3a7a49a oOparHa 3aja4e O TOYETHOM 3apsaje BOIHBH WPOBO-
aameit mnockoctr. Tam HaM Hy:XHO OLLIO LOIe, nepneHduKyAApHOe
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K TOBEPXHOCTH, IOTOMy 9YTO HPOBOAHHUK BCIOZY HAXOQWICA TDH
ONHOM ¥ TOM K€ 3HAYEHHWH IOTEHIIHANa.

B zamade 00 2JERTPHYECKOM HOJe MH TPHAYMAIHW pemeHne,
BOOGDASKB 3a HPOBOAAIEH IIOCKOCTBIO TOTeYHHH 3apsam. Mommo
BOCIOIB30BATECSA CHOBA 3Toil ke wmpeeil. Ilommraemca BrGpats
TaKoe «H300paKenne» ICTOTHNKA, KOTOPOe aBTOMaTHYeCKu ofparma-
J0 OBl B HYJIb HOPMATBHYI0 KOMIIOHEHTY IOJA BOIM3H MOBEPXHOCTH.
Pemenne morasano ma ¢ur. 12.2. Imexrpmueckoe m3obparKkeHue
HCTOYHHUKA C MmeM e 3HAKoM U TOH Ke BeIMYUHBI, HaXOJAIeccs
Ha PACCTOAHME @ HAJ MOBEPXHOCTHIO, aeT MmoJe, TOPU30HTATBHOE
moBCIOAY y mopepxuocru. HopmManbHEe KOMHOHEHATH OT 000HWX MiC-
TOYHMKOB B3aHMHO YHHYTOKAIOTCA.

Wrax, mama sagaga 0 moroke temia pemena. Temmeparypa BoO
BCEM NPOCTPAHCTEE OAMHAKOBA IO HEMOCPENCTBEHHOW aHAIOIAN G
DOTeHIUANOM OT ABYX OJMHAKOBHIX TOYEYHHIX 3apsgos. Temmepa-
typa I Ha paccTOAHHU r OT OJHOTO TOYeYHOro mcrounuka G B Gec-
KOHeYHO# cpepme paBHA

G
~ 4nKr®

(910, KOHETHO, MOAHOCTHIO AHATOTHYHO Q== g/4ne,r.) Temmeparypa
TOYeYHOr0 HCTOYHAKA H, KpOME TOTO, ero W300paKeHHA PAaBHA

G G
“inkr, + nkr,

T (12.14)

dra (opmyrna pmaer HAM TeMIEpaTypy BCIOLY BHYTDH OloOKa.
Heckoapko m3orepMudeckux DoBepxuocreii mpusegeno ra gur. 12.2.
ITorazanm Tak:ke guHanE h, KO-

TOPHIE MO;KHO HNOJNYYUTH U3 BhHi- N / ,
h = \ \ ) ) 4 Y
aerua h = — KyT. ~
P N NN
B camom Havalne MH KHTE- s NNV S S
pecoBal@ch  pacmpefeleHHEM - S N0 PR
TeMIepaTyps Ha TOBEPXHOCTH. Wl—l\T—\“" - ~TK=0
Jag TOYKHM HA TOBEPXHOCTH, i ~__ \-://;\\::—__/r/
7 /7
a
K
@ u- 12.2. Homox menaa u uso- T=const h
mepmbt y moyeuro20 UCTOYHUEKQ
menaia, PachoOLOHeHHo20 Ha paccrmos- '
HUuU a nod nogeprHocmbvily meia ¢
zopoutell menionpoeodHocmbi. T
Bre mean nora3ano MHumoe uaoﬁpam‘eﬂue
ucmounura. Temnepamypa \
I0BEpXHOCITY
l {
0 a 2a P



RaxopAmelics Ha pacCTOAHUE P OT OCH, Iy = Iy = sz -+ a2, cxe-
L0BATEABHO,
1 G
T L (12.15)

H2 NOBCPXHOCTH — 4nK V‘m

dra pymruug rarke mzobpaskena ga ¢ur. 12.2. Ecrecrsenno, 4To
TeMIepaTypa mpAMO HAJ[ HCTOYHHKOM BHIIE, ¥eM BIAJH OT HETO.
Taroro popa 3ajgavyi 9YacTro NPHUXOJUTCSA peiuath reo@HsMKaM.
Temepb MH BHIWM, 9T0 9FO0 T€ ;Ke CAMEE 3aJIa¥Hl, KOTOPEIE MH DPe-
MaIi B BIEKTPUYECTBE.

§ 3. Hamanyman menoparc

PaccmorpuM Teneps coBceM Apyrywo o0aacth GU3MKE, B KOTOPOi
TeM He MeHee MHEL HPHAeM CHOBA K TOYHO TAKHM jRe YPaBHEHUAM.
BozbpMeM TOHKY0 pPe3sHHOBYI0O INIEHKY — MeMOpaHy, HATAHYTYIO
Ha GOJBIIYI0 TOPH3OHTAIBHRYI0 paMy (Hamopofue roykum Ha Gapaba-
ne). Haxmem Ha MeMGpaHy B O[HOM MeCre BREPX, 4 B APyroM —
pER3 (Pur. 12.3). CMomeM au Mw ommcarh GOpPMY MOBEPXHOCTH?
IlorkaykeMm, Kawk MOKHO DPEMIUTH Ty 3afady, KOTJZa OTKIOHEHUS
MeMOpaHH HE OYeHb BeJUKH.

B nmenre neficTBYIOT CHAK, HOTOMY 4TO OHA HaTtaRyrta. Ecium
crerarh B KakOoM-HAOY/b MecTe ITeHRH HeGOABION paspes, TO OBa
Kpas paspeza pasoiimyrest (pur. 12.4). CuegosareibHo, B IIEHEE
IMEETCsT NOSEPTHOCMHOC HAMANCEHUEe, AHATOTUIHOE OIHOMEPHOMY
HAaTHKEHUIO pacTaHyTol Bepesku. OmpefendM BEIMYMHY HOBEPX-
HOCTHOT'O HATSKEHUA T KAK CHAY Ha eQuHuyy Oaurbl, KOTOpaA Kak
pas ypmepikama Ol BMecre [Be CTOPOHH paspesa (cM. dur. 12.4).

Ipepmonossmm Temeps, 9T0 MiI CMOTPHM HA BEPTHKAIBHOE TO-
nepeuHoe ceueHue memOpamni. OHo Oymer uMeTh BHJ HEKOTODOIl
KDHBOI, moxokeil ma maobpaskemnyio Ha ¢ur. 12.5. Iycrs u —
BEPTHRATBHOE CMENIeHre MeMODaHH OT ee HOPMAJTbHOTO TMOJOKe-

@D ue 12.3. Tonras pesuno-
6as NAEHKZ, HAMAHYMAs HaE
yuaundp (ieumo epode 6a-
pabana).

Kaxoll  Popmet 6ydem nosepx-~
Hoemb, €CAU NAEHKY NPpUnodHamb
6 moure A U onycmums ¢ mouke BP




D ue 12.4. IHoseprrocmuoe
Hamasxcenue T Hamanymoil,
PesuHo6oli naenKu ecmb CuLa
OMmHecennas & edunuye oOau-
HB U HANPASieHHAR nepher-
OURYAAPHO AUHUU paspesa.

HAA, & & W Y — KOOPAHHATHL B TOPU3OHTAILHOHA IUIOCKOCTH,
(IIpuBenennoe ceuenne mapaiaeabHO OCH Z.)

BossMmeM He6OABmION KYCOYEeK MOBEPXHOCTH AAMAON Ar m mim-
punoii Ay. Ha nmero peiflcTByIOT CHIH BCIE[CTBHE IOBEPXHOCTHOTO
HaTaKeAna BROIb RaKA0ro Kpas. Cuina Ha cropore 1 (cM. dur. 12.5)
Oymer pasHA T,Ay W HAOpPABIEHA IO KACATENBHON K MOBEPXHOCTH,
T. €. IOX yraoM 0; k ropmaomranu. Bmoxp cropomst 2 cmma Oyger
PaBHA T,Ay H Hanpasjiena K mosepxrocrd nofd yriom 0,. (Ilogobune
cminl OyRyT ¥ Ha ABYX APYIHX CTOPOHAX KYCOYKA, HO MH IOKA
sabyneM o Hux.) Pesyaprapyromas cmaa ot cropoH 1 m 2, meii-
CTBYONIaA HA KYCOUEK 6€eepx, paBHA

AF=,Aysin 0,—7,Aysin 61..

Mu orpagHIMMCA PACCMOTPEHHEEM MANbX HCHAyKeHHN MeMOpambl,
T. €. MaAblL U32U6068 U HAKAOH0E: TOTJA ME CMOKEM 3aMEHHTH Sin 0
Ha tg 0 um sammecars wak Oufdx. CHiaa IpuU ITHX YCIOBHAX HAETCA

BHpaH{eHI/IeM
2 d
AF = [:2 (5;)2—r1 (5)1] Ay.

Beamumna B cRoGKax MOMKET GBITH € TeM K€ YCHEXOM 3ammcana
(nna Mameix Az) Kar

2 ou

b?!; (T 67) A.Z,

flneHxa
Due 125 Ionepeunoe
cedeHUe UB0eHYMOU NAEHEW,
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Toraa

AF:??E (1: %;) Az Ay.

Wmeerca w gpyroit Braag B AF ot cui Ha ABYX APYLHX CTOPO-
Hax; OOJMHKWH BKIAI, OYEBHIHO, pPAaBeH

AF= [56; («: g—‘;) +2 <1: gi;)] Az Ay. (12.16)

WNcrpnpaennsa nuadparMul Br3BaHH BHeIHUMHU cmiamu. IIycrb

/ osHEawaer HAUPABIEHHYIO 66epI CHILY M@ eOUHUUHYIO Riowadky
NIeHKU (CBOETO DOAA «TABJEHUE»), BOIHUKAIOMYIO OM 6HEUHUL
cus. Ecam memOpama Haxogmtes B PpaBHOBecHH (cmamuueckull
cIyuail), TO CHJIA 9TA JOJKHA YPABHOBEHMIMBATBCA TOABKO YTO
BEIYHCJICHHON BHYTpeHHeHl cmmoit [ypasmemme (12.16)]. Wmaue
roBopH,

__AF

f= T AzAy '

VYpasneane (12.16) Torga momer ObiTh 3aMUCAHO B BUIE
f=—v-(rva), (12.47)

rie TOJ 3HAKOM Yy MHl Temeph HOZpasyMeBaeM, KOHEYHO, ABYX-
MepHHI omeparop rpagmenta (0/0z, 0/0y). ¥ uHac ectb guddepen-
IUaJIbHOE ypaBHEeHHE, CBASEBaOmee u(r, y) ¢ OPUIOMeHHBIME CH-
namMu  f(x, y) W UOBEPXHOCTHHM HATS/KeHHEM IIeHKu T(z, Y),
KoTopoe, BoOOmIE roOBODSA, MOKEeT MEHSATHCH OT MecTa K MecTy.
(HedopManum TpPeXMEpPHOTO YHOPYIOro Tejia TO)Ke WHOTYHHAITCA
TAKUM YDABHOHUSsIM, HO MBI OTPAHNIHMCH ABYXMEPHHEIM CIydaeM.)
Hac Gyner muTepecoBaThb TOJABKO CiHydall, Korga HATAKEHHe T
nocTosiHHO 1o Beeil mmerxe. Torga sMecto (12.17) Mum moxeM sanu-
caTh
viu=—1. (12.18)
CHOBA MH MONYYHIN TAKOE jKe ypaBHEHNE, KAK B IEKTPOCTA~
ruxe! Ho ma ceil pas oHo orHOcmTCH K JABYyM msMmepeHmAM. CMe-
IMeHUe U COOTBETCTIBYET @, a f/T coorercrByeT O/8,. Iloaromy Tor
TPYH, KOTOPHIT MK TOTPATIIN Ha OGecKOHeTHBIe 3aDPsKEeHHBIE IOC-
KOCTH, WIN HapaJuleJbHEIe TPOBOZA GOIbIION JANHH, NIH 3a PsyKeH-
Hble NWIHHAPH, OPUTOZUTCA A HATAHYTOH MeMmOpambl.
Hpepnonomum, ME nogTaArmBaeM MeMOpPAaHY B KAKUX-TO TOTKAX
Ha OHpeNeJeHHY gsicomy, T. €. PHKCHDYeM BEIWIHMHY U B DPAAe
ToYeK. B DieKTpHUecKOM cixydae dTO AQHAJNOTHTHO 3afAHUIO
ONPEEeNeHHOTO ROMEHYUAIa B COOTBETCTBYwomux Mecrax. Ha-
OpEMEpP, MBL MOKEM YCTPOHTH MOMOKUTEIBHBIH «HMOTCHHAY,
€C/IH TIOROoupeM MeMOpaHy IpeIMeToM, KOTOPHI mMeeT Takoe xe
ceueHme, KaK M COOTBETCTBYIOMHIl UIIUHIPUYECKWI NPOBONHHUK.
Ecaun, crameM, ME mogoupeM MeMOpasHy KpYrablM CTEp;KHEM, IO~
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Due 126, IHonepeuroe
cedeHue Hamanymol pesu-
HOo80U naenru, nodnepmot
EDPYeAbM CIMeDHCHENM.

DYHEYUR U(x, Y) ma de, 4mo
u nomewyuaa @ (x,y) om

OUeHD OAUHHUZO0 3APAHCECHHOZO
CMePIHCHA.

BepXHOCTb HpuMeT dopMy, m3obpaskeHHyw Ha $ur. 12.6. Boicora u
HMeeT TAKOH jKe BmJ, KAK BJIEKTPOCTATHYCCKHUH TOTCHOUAN @
BAPMKEHHOr0 NUAMHApUIEcKoro crep:xas. Oma cmagaer, Kak
In(1/r). (Hakaon moBepxXHOCTH, KOTOPHI COOTBETCTBYET JJEKTPH-
geckomy moaio E, cmagaer, kax 1/r.)

HataryTyio pesuHOBYI0 INIEHKY 9aCTO HCIONb3OBAIY IIA De-
TCHUA CIORHBIX 9ACKMPULECKUL BaJIaT 9KCIIe PHMOHTAIBHEIM Y TEM,
Apanornss ucuompsyerca B obpatmyw cropomy! Has momsema
MeMOpAaHEL HAa BHICOTY, COOTBETCTBYWIIYK NOTCHIHAIAM BCETO
HaGopa DIEKTPONOB, TMOJCTABIAIOT DA3HEE CTEDKHH M TOIOCKH.
dareM H@3MeDEHHA BHICOTHl JAOT JJEKTPHUECKHI NOTEHOUAN B
DIEKTPOCTATAYECKON Bafade. AHAJIOTHA TPOBORHTCH [ayke eIie
ganbwe. Ecim Ha MeMGpade moMecTHTh MajeHbKIe NIAPUKH, TO HX
ABH;KEHNEe TPHMEDHO CXOKe ¢ JBW;KeHHEM DIeKTPOHOB B COOTBET-
CTBYOIIEM 9JIEKTPUIECKOM Tome. TaxuM coocoGOM MOKHO BOOYHIO
OPOCAeATh 32 JIBMKEHUEM <(DJEKTPOHOBY MO WX TPAGKTOPHAM.
9roT MeTOR OB WMCHONL30BAH JNS HPOCKTMPOBAHMA CIOMKHOH
CHCTeMBl MHOTEX (OTOYMHOKUTENILHAX TPYGOK (TaKuX, HANDHMED,
KaKHMe HCOOJIL3YITICH B CUMHTWLIASANUOHHOM CYeTIHKe WIH AJA
yupamjedus mepemHuMZ (dapaMu B AaBTOMAIUMHE KAJWILIAK).
Metop mcmompayercs ® KO cHUX HOP, HO €ro TOYHOCTH He OYeHb
peamka. Jlns Gomee TOYHEIX pacueTroB JNydme HAXONATH HOIE UHC-
JEHHBIM IIyTEM ¢ TOMOINbI0 OOJMBIIHX BAEKTPOHHKIX BRUNCIHTE]Ib-
HHX MANIZH.

§ 4. Juddhpysusa netimponos;
cf ePUNECHU-CUMMETRPUMNBLITL  UCTHOUHUK
6 00HOPOONOilL cpede

Tlpusenem eme opun npuMep, JACMUNE ypaBHeHNE TOTO 3Ke B,
HO Ha ceil pas orHocsmeecs K gupdysuu. B ra. 43 (Bm. 4) MH
paceMorpenn auddysmo MOHOB B ORHOpomHOM rase u nudpdysmio
OIHOro rasa ckposb gpyroil. Temeph Bo3bMeM Opyroil mpmmep —
nupdysuo HeliTpoHos B MaTepmaie tuma rpadura. Mer smbpannm
rpadur (pasHOBHLHOCTH YUCTOTO YIVIEPOZA), HOTOMY 9TO YTJIe PO,
HE HOLJIOmAeT MejieHHuIX Heilrponos. Heilrporn myrtenleciByloT
B HeM cBoGogmao. OHE TPOXONAT U0 MPAMOH B CpefHeM HECKOJLKO
CAHTHMETDPOB, IPEKAe YeM DACCEITCH sIAPOM @ OTKIOHATCA B CTO-
pory. Tak 4T0 ecnu y Hac ecTh GONBIIOH KYCOK rpapura TOINIH-
HOI B HECKONBKO METPOB, TO HEHTPOHH, HAaXOAWBIUWECHA CHAYAJA
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@ u e 12.7. Heiimponw poscdaromes 0drnopodro enympu cdiepn paduyca
a 6 6oavwoxn epagumoson 6.aore u JuPpyndupyom napycy. laomiocmo
netimporoe N noayuena kKak @YyHEYUs I, PACCMOSHUL OM  YeHMpPA
UCMOLHUKS.

Cnpasa nokasane A4eKMPOCTRATRUNECKAS aHAL02UR: 00HOPOOHD Fapasennas cgie~
pa, npuuem N coomeemcmsyem ¢, a J coomegememsyem E.

B OJHOM MecTe, OyAyT mepexofduThb B Apyr@e Mecta. Mol onummem
¥X YCPeJHEHHOE NOBeJeHme, T. €. WX CPeOHUlL Nomox.

Hycre N(z, y, 2)AV — uucio mefirponos B saeMmedTe obbema
AV B rtoure (z,y, z). [ BuxeHuwe HEHATPOHOB HPHUBOAUT K TOMY,
uro ogHu noxungawt AV, a gpyrue nomagaror B Hero. Ecau B ofuoil
obmacTy OKasbIBaeTcsA HEeHTPOHOB OoMbie, 4eM B COCeRHed, TO OT-
Tyna ux Oymer mepexofuTh BO BTOPYW 06aacTh Oonbmue, deM Haobo-
POT; B pesyibTaTe BO3HHKHeT 1OTOK. lloBTOpssa mokasarenabersa,
npuBejieHHHe B I. 43 (BHIO. 4), MOKHO OMHECATH IMOTOK BEKTOPOM
noroxa J. Ero xommonenTa J, ecth pesyabTHPYIOIee TUCHO HeH-
TPOHOB, HPOXONAMUX B eZUHUNY BpPeMeHH v¥epe3 eIUMHHUHYI0 IIIO0-

. MAaJKy, HePHEHAHKYIAPHYW och 2. Mu DomyumMm Torja

oN
Je=—D3, (12.19)

rie xosdpduument nupdysun D gaerca B TePMHHAX cpegmed cKO-
pocTH ¥ H cpepHedl muuH cBoGojpmHOro mpobera ! MexIy CTOILKHO-

BCHUAMM:

p=L1s.

3
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Bexroproe ypasmemuwe pmas J mmeer sup
J=-—DyN. (12.20)

Cropocth, ¢ KOTOpDOH HEHTPOHBI HPOXOAAT dYepe3 HEeKOTOPHIL
aneMeHT mopepxmHoctu da, paBHa J-nda (rme n, xaxk oOHYHO,—
eAUHUIHKHA BeKTOp HOpMauw). Pe3ynpTupyiomuil HOTOK u3 3ae-
Mmernma o6wvema TOrma paped (IOAB3YACH OOHYHHM IayCcCOBEM
porasarenberBoM) y-JdV. 9ror motox mpmBopmi 6B K yMeHbime-
guio 9mena HelitporoB B AV, ecnim HefiTpoHs! He TeHePHPYIOTCH
sayTpu AV (¢ momoiibio Kakoi-muGynb spepHoit pearuum). Ecim
B o0beMe HPHCYTCTBYIOT HCTOYHUKH, HpOuU3BopAinue S HeliTpOHOB
B eMHUILY BPEMeHU B eAuHune o0beMa, TO pe3yabTUPYIONuii MOTOR
uz AV Gymer pasen [S—(dN/dt)] AV. Torga momyaaem

aN
v-I=5—27. (12.21)

Hom6unupya (12.21) u (12.20), nonyuaem ypasuenue Sugffysut
HETLMPOHOE

N
vV A(—DyN)=8—--. (12.22)

B cratugeckoM cayuae, xorma 0N/9t =0, Mn cHOBA UMeeM ypas-
mennme (12.4)! Ms MoskeM BOCIONB30BATHCH HATMMU 3HAHUAMIL
B DJIEKTDPOCTATHKE IJiA DelleHWA 3a7ad no Audysunm HeHTPOHOB.
Hasaiite ;xe pemuM Kakyo-umOyns sagawy. ([losanyit, Bt Hego-
yMeBaerTe: 2q¥ex PeMIaTh HOBYIO 3284y, €CJAH MH Y;Ke pPeniuin
BCe Bajgadm B diekTpocratuke? Ha sror pas Msl MoskeM pemimth
6vicmpee UMEHHO 1I0TOMY, 9YTO DJEKTPOCTATHUECKHE 3ajaum Oeii-
CMEUMeabHo Yce peuterbl!)

Ilycts mMeeTcs 630K MaTepmana, B KOTOPOM HeHTpOHH (CKa-
FKEM, 3a CUET eJEeHHs YpaHa) POMKIAIOTCS PABHOMEPHO B cdepu-
ueckoit obnacru paguycoM ¢ (ur. 12.7). Mm xorenu 6w ysHats,
YeMy paBHA IUIOTHOCTH HeliTpoHor mosciony? Hacroasko opuopoa-
Ha INIOTHOCTb HENTPOHOB B oOmacTm, rme oHU poskpaiorcsa? Uemy
paBHO OTHOIUEGHWE HEHTPOHHON IJOTHOCTH B IleHTPe K HEHTPOHHOMR
IOTHOCTA HA MOBepXHocTH o0mactH posxmeHua? OrTeeTsr HalTH
nerko. llmorHocTh HelirponoB B MCTOYHHEKE S, CTOMT BMECTO ILIOT-
HOCTH 3aPANOB O, IM0ITOMY HAIUA 3ajada TaKad ke, KaK 3agada ob
omHOpoxHO 3apsyrenHon cdepe. Haditw NV —Bce paBHO 9TO HAUTH
moreHnuaJi @. Mu y:xe Hamuad ©OJAA BHYTPH H BHE OZHODOLHO
3aPAIKEHHON cephl; AA DONyIeHHA NOTEHI[HATA MBI MOKEM HX
TIpOUHTErpupoBaTh. BHe cdepn moremmman pasen Q/4me,r, T
nonHwil sapag Q maerca ortHoriemmem 4ma®p/3. CmemoBaresibHO,

3
CPBHemH::%IO*’, . (12-23)

g BHYTpeHHHX TOYeK BKJIAX B moje FaloT TOABKO 3apane Q(r),
HAaXOJ|AMHecH BHYTpHA chepsl pagmycom r; Q(r)=4nrdp/3, cumemo-
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BaTeabHO,

E=X (12.24)

3y *
Hone pacrer mmmeitmo ¢ r. Marerpupya E, monydaem ¢:

pr?
Prayrp = '—‘—6—8—0— -+ Koncranra.

Ha paccrosimmm paguyca @ @, AOIWKEH COBIANATD C Qpuyin,
mOATOMY MOCTOAHHAA JokHa OhTH pasHa pa*/2g,. (Mu mpegnona-
raem, 4T0 IOTEHHUAJ (p PABCH HYJK0 Ha GOJBMIEX DPACCTOAHUAX OT
VCTOYHHKA, 4 9T0 OJsA HefiTpoHoB Oymer orsedarh obpamenmio [N
B mynb.) CmegoBatenbHO,

3q2 2
(PBHyTp:‘S%O (‘5*“"%) . (12.25)

Tenmepp MBI cpasy ke HaligeM INIOTHOCTh HEHTpPOHOB B Ha-
meit guddysuonHOH 3amade

Sas
NBHemu=‘—3;r (’12.26)
"
S (3a® rt
NBHYTp:'é—D (%—".2—) . (1227)

Ha ¢ur 42.7 mpepcrasnena sapmcumocts N ot 7.

Uemy ke Temephb paBHO OTHOIMEHHWE IUIOTHOCTH B LEHTIPE K
miordoctH Ha kpawow? B uenrpe (r=0) ono mpomopiuoEambLHO
3a%/2, a ma mpaw (r=a) TponopuEOHANLHO 2a%/2; mOdTOMY OTHO-
menme WIOTHOCTEHd pasHo J/2. OgHODORHHE HCTOYHWK HE HaeT
OJHODOLHOR IIOoTHOCTH HeliTpoHos. Har BEAWTe, HAIIHM MO3HAHUA
B 9JIeKTPOCTATHKE JAIOT XOPOUIYIO 3aTPABRY MIA U3Y4eHHA QUIUKA
SITIePHEIX PEAKTOPOB.

Hudpdysus arpaer Goabmy ponb BO MHOTEX Pusmdeckux oG-
CTUATENHCTBAX. JIBIWieHHe HMOHOB 9Yepe3 JKUAKOCTH HIHM DIEKTPO-
HOR gepes TOJIYNPOBOJHUK HNOJIMHAETCA BCe TOMY jKe YDABHEHHIO.
Mur cHOBA W CHOBA UPHXOZWM K ONHHM H TeM jKe YpPaBHEHHFM.

§ 5. Bessuxpesoe mevenue acidrocmu;
odmeranue wmapa

PaccMmorpuM Temepb mpumep, MO CYmeCTBY, He TAKOU Yk XOpo-
I, MOTOMY 9TO YDABHEHHs, KOTOPHE MH OymeM MCOOMb3OBATH,
HA caMOM [elie He OIUCHIBAIOT HOBHIA 00BEKT HOIHOCTHIO, & OTBE-
Ja0T AUDIb HEKOTODHM HMIEAJIH3NPOBAHHEIM YCIOBHAM. JTO 3ajada
0 meueruy 6ode. Horga Mul paséupanu caydaii HATAHYTOH IJIeH-
K¥, T0 HallH ypaBHEHWS NPeICTABIANH UDHOIHKEHHE, CIHPABe]-
JIHBOE JHIIL NIA MAIBX OmEAOHeHuli. IIpH paccMOTpeHHH TedeHUA
BOJH MH IpuOerHeM K HPHOIMKeHHIO APYTOTO POMA; MBI JOJKHEL
IpUHATH OrpaHWIeHusA, KOTOphe, BooOme ropopsa, Kk o6uanoi Boje
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genpuMenuMH. Mu pasGepeM TONBKO ClAyuail HOCTOSHHOTO Tede-
HAA HECHCUMAEMOTE, HEeBA3KOU, AUULEHHOU 3A8UTPEHUN JKHIKOCTH.
Hortom MB onmiiem Teuenue, 3a1aB eMy CKOPOCTD V(r) Kak QyHKOmIO
monoxenusa r. Eciu gsmxenne mocTogHHAO (eAMHCTBEHHHH cayvaii,
JANA KOTOPOTO WMMeeTcs DIEKTPOCTATHIeCKasd aHANOrHUA), V HE 3a-
BUCHAT OT BpeMeHH. B¢ p — IWIOTHOCTH JKUEAKOCTH, TO PV — Macca
JKUAKOCTH, OPOXOAAMAA B eWHNIY BPeMeHH 9Yepe3 eIWHNIHYIO
mromagry. M3 3axoHa coXpaHenus BeMeCTBAa JUBEDPIeHIUA (V,
Boo0Ile TOBOPSI, PABHA U3MEHEHHWI0 CO BPeMEHeM MAacCCh BellecTBA
8 egmuune o6seMa. Mul mpegmoa0;RUM, YTO HPOIecCH HempepHB-
HOTO POKJCHWA MJH YHUUTOMKEHUA BemecTtsa orcyTcirykor. Coxpa-
HeHue BemectTna Tpebyer Torpa, 9rodu y-ov =0. (B mpasoii vactn
NOMKHO 6BLI0 GH €TOATE, Boobme rosops, —adp/dt, Ho TOCKOIBKY
HAIIA JKUJKOCTD HECKUMAeMa, TO 0 MeHATHCA He Mosker.) Tak Kak o
TOBCIONY OXMHAKOBO, TO €r0 MOYKHO BHIHECTH, X Hamle ypaBHeHHE
3amanieTca 1pocTo
V.v=0.

Uynecno! CHosa monyummachk 3JaerTpocraTHka (6e3 3apAmoB);
ypapaenne coscem noxoxe ra V-E=0. Hy ne coscem! B smexrpo-
cratuke ne npocmo V-E=0. Ecrb dsa ypasmenmsa. OgHo ypasHe-
HUe efie He JaeT HaM BCETO; HY;KHO [OMOJHHUTEAbHOE ypaBHECHUE.
Yto6b1 moNyumsmoch cOBOATNEHWE C DIEKTPOCTATHKOH, y mac rof
0T Vv monnsen Obwl OB paBEATBCA Hynio. Ho mna HacToAmux sKHA-
KocTell aTo BoolOme He Tak. B GonbmmHCTBE BX OOBIYHO BO3ZHHUKAIT
Buxpu. CregoBaTeJibHO, MH OTPAHAYHBAEMCA CIyd4aeM, KOT[a
HUPRYIAAIUA KUIKOCTH OTCYyTCTBYer. Taxoe TedeHWe Tacro HA3bl-
BalOT Oesgurpestim. Kax 65 10 Hu OHJIO, NPUAAMAA HAWM TpPeH-
MONOACHHA, MOMHO npedcmasumbe cebe TEYCHHE JRHJKOCTH, AHA-
jJoruuHoe suaexTpocrature. Mrax, mer Gepem

v-v=0 (12.28)
yXxv=0. (12.29)

Mb xotuM mopmuepKHYTH, 9TO YCJAOBHS, IPH KOTOPHX TedeHUE
RUIKOCTH TOTYMHSAETCS JTHM YPABHEHUAM, BCTPEUAIOTCA BecbMa
HEYACTO, HO BCE-TAKU OHBAIT. JTO AONKHE OHTH ciaydam, KOrga
OBE PXHOCTHEIM HATSKEHUEM, CIKHMAEMOCTHIO M BABKOCTHIO MOKHO
npeneGpedb W KOrJa TEUCHHE MOMKHO CUHMTATH OE3BHXPEBHIM. JTU
VCIOBHA BHIQIHAIOTCH CTOAbL PEIKO AJs1 OOWIHON BOJHI, UTO MATe-
marur [Jmon don HeliMmam ckasam mo mosomy TeX, KTO aHAAHM3H-
pyeT ypaprenns (12.28) u (12.29), 9T0 0HE U3YIAIOT «CYXYIO BOAYH!
(Mnt BosBpaTHMCA K 3ajaie o TEUCHUH FKHAKOCTH O0ojee mojpobGHO
B Bpim. 7, ra. 40 m 41.)

Mocronsry yXv=0, T0 cropocTb «cyxoit BOAED MOKHO Ha-
AucaTh B BHAE TPafWeHTa OT HEKOTOPOro mOTeHHHAAA

ve—vp. (12.30)
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Haxop ¢wuswmueckmii cmurcx P? Ocolo mOme3HOro CMECIA HeT.
Cxopocts MOKHO 3amycaTh B BHAE IPafueHTa NOTEANUAIA DPOCTO
nmoToMy, uTo Tedenme Gessmxpesoe. Ilo amamormu ¢ amexrpocrarm-
Koil ) Ra3BIBaeTCH ROMEHYUAAOM CKOpocmel, HO OH He CBA3AH
¢ HOTeHNWAJIbLHOH JHEeprmeil Tak, KAK 2TO HoJydaerca LIA @.
Ilockonsky puBepremuma vV paBHA HYITIO, TO

V- (V) =V*p=0. (12.31)

Tlotenuman cropocteil  nomumuseTcsi Tomy ke nuddepermuaib-
HOMY YPABHEHHUIO, UTO M IEKTPOCTATHYECKUN MOTEHUHAN B IIYCTOM
mpocrpancree (p =0).

Hasaitte BrGepem xanyw-subymb 3ajauy 0 OGe3BHXPEBOM Te-
YeHWH W TOCMOTPHM, CMOKEM JU MbI PEUINTh €€ H3YYCHHBIMH Me-
Togamu. PaccMoTpuM 3ajady o DIape, MAJaomeM B MUAKOCTH.
Ecnu om gpuaserca CAUIMKOM MEIIEHHO, TO CHJL BA3SKOCTH, KOTO-
peiME MH npenebperanu, 6yayT cymecTBeHHHN. ECam 0H IBHIKETCA
CAWMKOM GEICTPO, TO CHEEOM 3a HEM OYAyT HATH MajeHbRUE BUXPU
(rypOyIeHTHOCTS) ¥ BOZHUKHOT HEKOTOPad IUPKYIAUAA BOSH.
Ho ecan map gpmmercas m me depecuyp OHCTPO, M He depecdyp
MeJIeHHO, TO Te9eHHe BoJlbl OyAeT Oolee WIH MeHEEe 0TBEYATh HANIAM
IPEJIONOMKeHUAM, H MEL CMOKOM ONHCATH IBHKEHNE BOXH HAMIUMY
MPOCTHMU yPaBHEHUAMH.

Y1oGHO OmECHIBATL HPOIECC B CHCTEME KOODIHMHAT, CKDEneH-
Holt ¢ wapom. B oroil cmeTemMe KOOpPIMHAT ML 3a7a€M BOIPOC:
KaK TeueT BOAA OKOJO HENOUBIKHOLO Mapa, eciad Ha Ooabmux
paccrosEMAX Tedemme omHoponHo? MHawe rosops, ecim BZANH OT
mapa TedeHHe BCIOJY OJIMHA-
ropo? Teuenme BOIH3H mapa
OyZer mMerb BHE, DOKAa3aH-
HBIH JIHAWAMH IOTOKA  HA
$ur. 12.8. ItH numum, bcer-
Aa mapajiaeiabHHE Vv, COOTBET-
CTBYIOT JIHHHAM HAUPSIKEH-
Biv HOCTEH DAEeKTPUYECKOr0 HOIS.

Que, 12.8. Iose ckopocmel 6es-
euzpesozo obmerarus chepts HUdKo-
L \ cmoio.




Mu xotM HOXyYHTH KOMWIECTBOHHOE ONMHUCAHWE HONA CKOPOCTeit,
T. €. BRIDAKCHHE [[1 CKOPOCTH B awboit touxe P.

Moskno HallTm CKOPOCTH Kak TpajmeET oO0T P, IOdTOMY
CRauajNa ompefenmM moTennmaid. Mbl Xormm HaifiTu HoTelgmas,
KoTopHit ypopiaerBopan O Bciogy (12.31) mpu caemynommux npyx
ycnoBuax: 1) tedennme orcyrcreyer B cmbepuqechon obnactu 3a
IOBEePXHOCTLIO IHapa; 2) TeueHHe HOCTOAHHO HAa OONBIINX pac-
cToAanax. YTo0n BHIOGAHAIGCH DePBOe OTPAHHIEHHE, KOMIOHEH-
Ta VvV, HePHEeRANKYAAPHAA MOBePXHOCTH IHapa, HOM/KRHA 06paimarbes
B HYIb. 910 3Hawut, uto JP/0r=0 wpu r=qa. lasa esmonuemms
BTOPOI0 OTPAHHYEHIS HY;KHO mMeThb J{/0z=v, BCIOAY, rme r>>a.
Crporo rosops, HeT HH CIHOIl IeRTPOCTaTEUECHON 3amauu, KOTO-
pasg B TOYHOCTH COOTBETCTBOBAJA OBl Hamiell zanmate. Oma QarTn-
YeCKH COOTBETCTBYeT cdepe ¢ HY.e60l AMIICKRTPUICCKOI HPOHM-
11aeMOCThI0, TOMEIeHHOH B OJHOPOLHOE JJIEeRTPIYECKoe MoJe.
Ecau Om MB mMeam pemenne 3afadu Ajs cdepsl ¢ AHIJIERTpATE-
CKOIl MPOHUIIAEMOCTBIO %, TO, HOMOKEB % =(), HEMEIJICHHO peIIuIi
6p1 HAImY 3amagy.

Msi pambme uwe paszofpai;m TAKYI0 3TEKTPOCTATHUECKYIO 3a-
na9y Bo Bcex moppolHecTAX; masalite cuetaeM 310 ceiiwac. (Mm
MoOryim OH Cpasy pemmuTh 3aJauy O JRUEKOCTH ¢ V W 1\, Ho 6ymeM
moxn3cBathea E m @, moToMy 9UTO HDHUBHIKAN K HHM.)

Jdagaua craBmIcs TaK: HAHTH Taxkoe pelleHwe YPaBHCHHA
vip=0, aroom E—=—vyo PaBHATOCH mocrosaHuoM, crameM Eg,
s Goapmumx 7 W, RpoMe TOro, 4To0H pajmanbrasg KoMmoneHTa E
{pita paBHA HYIO IIpH 7' =d. Vnave rosopH,

W _o, (12.32)

()r r=a

Hama samaga BEKJIOYaeT HOBEIH TRO T'PAHWYHHKX YCJIOBHH —
Korga J¢/dr HOCTOSIHHO, a He TOT, KOIZA MOTeHIHAJ ( MOCTOAHEH
Ha HOBEPXHOCTH. JTO HEMHOMKKO Apyroe ycaopue. Iloxyaurs orser
cpasy menerxo. Ilpesmme Bcero Ges mapa ¢ Ownin Osl paseH —FK z.
Torza E Guio Gu Hanmpasmero mo z U mMedo 051 BCIOZY MOCTOAHHYIO
penuunny E,. Mu yme mccmemoBanm ciaydail AMAIEKTPHIECKOTO
mapa, TOAAPH3ALHAS BHYTPU KOTOPOIO OFHOPOZHA, W HAHIIH, 9TO
1oJie BHYTPH HOJAPH30BAHHOIO IIAPA ONHOPOIHO, a BHE €r0 OHO
COBIAJIAET ¢ HOJIEM TOYEUHOTO JULOIA, PACHOJOKEHHOI0 B HEHTPE
mapa. JlaBalite HammimeM, 9TO HCKOMOe peileHHE €CTh CYIepHo-
3UOUA OMHOPOLHOrO MO MIIOC Tojie Aunoid. Ilorernuan junons
(cM. ri. 6) ects pz/4me,r®. Witak, MBl mpepmosiaraeM, 9To

o=—Ez+ = (12.33)

.ﬂZE r3

Tlockonnky mone pgmmoas cmagaer, kax 1/r%, to Ha Goapmmx pac-
CTOSHUAX ME Kak pas umeeM moae E,. Hame mpegmonoskenne as-
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TOMATHYECKH YHOBJIETBOPAeT cHOPMYJHPOBAHHOMY BHIIE BTOPOMY
yeirouw (crp. 249). Ho aTo HaM B3ATh B KadecTBe CHJIH AHIOJA

? HNas orsera Mul MONKHH WCIOJB30BATH ApyToe yciosme [ypas-
peame (12.32)]. Mu1 pgomxun unpopmdpdepeHnmpoBaTh ¢ IO I, HO,
pasymeercs, 3T0 HY?KHO CZeJaTh IPH MOCTOSHHOM yrie 0, moaTomy
yhno0OHee BEHpAa3UTh cHagana ¢ depes r u 0, a He uepes z u r. llo-
CKOABKY z=r cos 0, 10

¢=—EFEygcos0-+| Z;ﬁsr(z . (12.34)
0
Papumansuan COCTaB.nmomaﬂ E ectp
—29— 4 E,cos6 +g:§sr2 i (12.35)

Ona momxHa OHTH PaBHA HYJI0 IPH I'=a 0iad BceX 0. Ito Gymer
BHIIOIHGHO, €CIH

p=—2nga3E,. (12.36)

3aMerbTe XOPOMIEHLKO, YTO ecid O 00a 4ieHa B ypapHeHHH
(12.35) saBucenm 6H oT 0 mo-pasHOMy, TO MBI He CMOIIH Obl BH-
6patb p Tax, urobm (12.35) obGpamanoch B HYAb OPH F'=a R
Bcex yrmos. Tor daxr, gro »T0 WONYIMIOCH, O3HAYAET, ITO
MH Geura Mypapsl, Hanucas ypasuenue (12.33). Komeuno, korga mMut
JIOTafBIBAJIACH, MK 3aTJIAABBAIA BUEPEX; MH 3HAJH, IT0 IOHAJ0-
GuTca eme OFWH WieH, KOTOPHIE OH, BO-HeDPBHIX, YIOBIETBOPSI
vie=0 (nwboe pelicTBuTeNbHOE TOAE YHOBJETBOPAET BSTOMY),
BO-BTODHIX, 3aBHCEJ OT ¢OS O W, B-TPeTbHX, CHafaJl Obl K HYIIO
npu Soxbmux r. Ilone gunonsi — epuucTBEHAOE, KOTOPOE YIOBIET-
BODAET BCEM TpeM TpeGOBAHMSAM.

C momompro (12.36) mam wmorennmanm mpmolperaer BHI

3
¢=—E,cos0 (r+ 2%) (12.37)
Pemenne sagagm o TedenHM MUIKOCTH MOMKET OHTH BALUCAHO
TPOCTO:
3 .
w=—vocose<r+§%> : (12.38)

Orciofa npsiMo Haxogurcs V. Bonbine Mer He GygeM 3aHEMATbLCA
3THM BOIPOCOM.

§ 6. Ocseugervue; pacromeproe
ocseuieue NAOCKOCIU

B arom maparpade mMut 06paTuMcs K coBcem APYroi GuaHIeCKoit
npobieMe — Ml Beib XOTHM IOKa3aTh GONbIIOE PA3HOOOpa3He BO3-
mMosHocTell. Ha »roT pas Mm mpopernaeM Koe-94ro, 9T0 OpHBEet
HAC K UHMezpaay TOTO 36 COPTa, 9T0 MK HAIIIH B 3JIEKTPOCTATHKE,
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S
:z—cose

@ ue 129 Ocsewyerrnocmv I, noseprrocmu pasna sHepzuu
usayvernus, nadawweld 6 eOUHUYY epeMeHU Ha eOUHUYHYI0 Nao-
Wadkry noseprHocmu.

(Ecim mepex Hamu cromT MareMaTWdecKas 3ajiaua, IPHBOMAILA
K HeKOTOPOMY HHTeTpajJy, a MHTEIPa; HTOT y:ke 3HAKOM HaM MO
Apyroil sagaue, TO K0e-4T0 O ero cpoiicTBax HaM mspectHO.) Bosb-
MeM OpHUMeD HW3 TeXHMREM OcBemeHud. llycts Ha paccrosHHE @
HaJ| INIOCKOCTBI0 WMeeTcA KaKoH-TO umcTounumr csera. Haxk Oyger
OCBemAaTrbcAd MopepxHoctb? UYUemMy pasHa DHePIHA W3NYIEHNSA,
najayomas Ha eJIUHNYHYH IJIOMAAKRY ICBePXHOCTH 32 eAMHIILY
ppemern {(¢ur. 12.9)? Msl nmpegmomaraeMm, 9T0 HCTOUYHHK cfepu-
YeCKA-CUMMOTPUYHEI, TAK 9TO CBET W3aAy9aeTcs OJUHAKOBO BO
Bcex HampapieHuax. ToTAa KOJMUYECTBO W3IAYYEHHOH IHEPruH,
OpOXOfdliee dYepes eIUHUIHYI0 WIAOWANKY, REPREHOURYILPHYIO
HOTOKY cBeTa, MeHsAercs O0OPATHO HPONOPHUOHATIBHO KBALPATY
paccrosiaust. OueBuaHO, 9T0 MHTEHCUBHOCTH CEETA B HAIPABICHMU
HOPMAJTH NAETCH TAKOH ke GOPMYIOoil, 9T0 W JJIEKTPHUECKOE TI0JIe
0T TOYEYHOTrO MCTOUHUKA. KCau cBeToBHe JyYHu mAZaT HA NOBEePX-
HOCTH TIOZ yryioM O K mopManu, 1o I, sHeprusa, magawomas Ha edu-
HUYHYI0 naowadkry MOBEepXHOCTH, YMeHRbIDaeTca B cos O pas, HoroMy
4TO Ta yKe DHEePrusa najaer Ha micmanb B 1/cos 0 pas Goabmyio.

Ecan M mazoseMm cuny Hamero mcrousuka S, rorga I,, ocsemen-
HOCTH LOBEPXHOCTH, pABHA
[
\
lnsz e,.-n, (12.39)

rje e, — e[WHWIHHI BeKTOpP B HANDPABJIEHHH OT NCTOYHWUKA, a
n — eIRHHUYHAA HOPMAJib K ropepxmoctH. Ocmemennocts /, €oot-
RETCTBYET HOPMAJBLHON KOMIIOHEHTE DIEKTPHIECKOTO IOIA OT
TOYEUHOI'0 MCTOUHUKA ¢ 3apANOM 4me,S. YIuTeBasg 910, ME BUIAM,
q1e [ J06oro pacmpeneseHns WCTOIHMKOB CBeTA MOKHO HAadTH
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OTBET, pemas COOTBETCTBYIONIYIO 3a7jauy DIERTPOCTATHKH. MH BH-
qHCAsAeM BEPTUKAIBHYI0 KOMIOHEHTY DJIIEKTPHIECKOro MOIA Ha
TJIOCKOCTA OT pacHpejielleHNsa 3apAJ0B TOYHO TAKHM iKe 00pasoM,
Kak JIA MCTOYHMKOB cBeTa * .

Pacemorpum taroit mpumep. Ham meoGxopmmo miasd Kaxoro-to
DKCOePUMEHTA YCTPOUTH TAK, IT00B CTOA OCBOMIAJICA PABHOMEDHO.
Mst pacnmomaraeM IJIUHHHME TPyORamMu (IyopecUeHTHHX IaMIl,
WM3AYIAIUX PaBHOMEPHO 1o Beeil coeil gjwae. Ham cron mMosxHO
OCBETHTB, PA3MECTHB (UIyopecleHTHHE TPYOKW TpPAaBMILHNMEI DPA-
JaMd Ha LOTOJKe, KOTODPHII HAXOAUTCS HA BHICOTE Z HAJ CTOJIOM.
Uemy pgomsHo OBITH paBHo Hauboibmiee paccrosgde b or TpyOKn
7f0 TpyORHW, ecim MEl XOTUM, IT0OH TIOBEPXHOCTHOE OCBELCHHE
OBIIO PABHOMEDHLIM € TOYHOCTLIO RO OOHOH ThicagHOH? Omeem:
1) maitigure smeKTpUYECKOe mOde OT HAGOPA PABHOMEDPHO 3aPHKEeH-
HEIX TPOBOMIOB € HPOMEKYTHOM MEKITy HUME, DPABHEIM b; 2) moj-
CIHMTANTE BEPTHKAJBHYI0 KOMIOHEHTY DJIEKTPUIECKOTO IOJSA;
3) ompepenure, YeMy OON/KHO OHITH PaBHO b, YTOOGH BOJHHUCTOCTH
mojxs Oblia He Ooxbile OFHON THICAYHOM.

B ru. 7 Mer Bupmenu, 9T0 3AEKTPUIECKOE IIOME OT PANA 3aPsI/KeH-
HEIX IPOBOXOB MO;KeT OHTH IPEACTABICHO B BHIEe CYMMH WJIEHOB,
KRB #3 KOTOPHIX [aeT CHHYCOMZAIBHOE W3MEHEHWEe IOIH C
mepmojoM b/n, roe n — uexoe ducxo. AMOIUTYRa MH060r0 U3 HTUX
wWIeHOB faeTca ypasHemmeM (7.44):

Fn - Ane—znnz/b_

Ham HY:KHO B38Th TOJBKO ciyduail 7#2=1, pas ME XoTHM HOAYYHUTH
moyie B TOYKAX, He CHIMINKOM OIH3KHX K mpoBogaM. UToOH momy-
9UTH HOJHOE PelleHue, HAM eme HY/RHO ONpefe]uTh KodPPUuIuenTH
A,, KOTOpHe MH MOKA He HAILIH (XOTA OHE HAXONATCA IPAMEIM
poraucaenueM). [lockonbry HaM Hy:KHO 3HATH TONBKO Ay, TO MOKHO
OLGHUTH €10 BEIUYNHY, CUHTAs €€ PABHOH cpegHell BeJIHYMHE
mosiA. OKCHOHEHOUATBHHIHA MHORUTENIb TOLZA JaeT HaAM cpasy
OMHOCUMEAbHY AMILTATYAY W3MeHeHHA. Ecam MB XOTHM, 9TOOH
3TOT MHOKHTENS Obin paser 103, o b orasmmaerca pasmwm 0,91 z,

Ecnu npoMeryrok Mesxny aamMmaMm cpedath paBHEM %/, pac-
CTOAHMA [0 TOTOJKA, DKCIOHCHOUAJIBHHA MHOMRUTENHb TOTHA Gy-
mer pasen 1/4000, m Mst mMeem QaxTop HAJEKHOCTH 4, TAK 9TO
MbI MOzKeM OBITh BIOJIHE YBEPEHH!, 94TO ocBewreHme Oy7eT IMOCTOAH-
HEIM ¢ TOYHOCTBIO 10 OfHOH ThicAuHOU. (TouHOe BHUHCHeHmE HOKA-
3piBaer, a0 A; B MeicTBUTEABHOCTH B /iBA pasa 6oablle cpeaiero

* TToCKOJBRY MBI TOBOPUM O HeK02e DEHMHHLE ACTOTHIKAX, UHMEHCUSHOCI U
KOTOPHIX BCerga CKAAMLIBAIOTCS JIMHEHHO, TO IeKTPHIeCKie 3apAis B aHATO-
THYHOH sanage Bcerna OyAayT mMeThb ofmHAKOBHe sHaxm. Caenyer y9ecTb, wro
HATA apajorHA UPHEMEHAETCS TOJHKO K CBeTOBOH 3Heprumu, Dajanomed ma
HOBePXHOCTH HeIPO3PAYHO INIOCKOCTH, IO3TOMY MEI JIO/UKHE BKJIOUYHTL B
WHTerpaj Jumb ACTOYHUKA, HAYYaoNme HAJl OBePXHOCTEI0 (KOHeYHO, He Te,
KOTOphble pacmOJIOMKEHHl 110, HOBEPXHOCTHIO!).
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moJig, Tak d9to Toumeii orser Gymer b=0,8 z.) Hemmoro Heomm-
JAHHO, 9YTO JJIA CTONHh PABHOMEPHOrO OCBEICHHA JONYCTUMBLA
IPOMEKYTOK MEMAY TPYOKAMH OKAas3ajcd TAKEM OOJBIIHM.

§ 7. «DByndamenmasvroe edUHCME0» NPUPOIbL

B sroit rnase M XoTexd nokaszaTth, 9TO, H3YIASL DIEKTPOCTATH-
Ky, BH ONHOBDEMEHHO ydHUTech ODHUEHTHPOBATBHCA BO MHOTHX BO-
mpocax QUIUKKE H 9T0, HOMHA 00 3TOM, MOYKHO BHYUHTH MOUYTH BCIO
OUBUKY 38 HECKONBKO IeT.

Ho B xomue, ecrecTBeHHO, HATIDAMIMBAETCA BOILPOC: ROYeMY
ypasuenus Oas paswulxr Aeaenuii cmoasv noxoscu? Mel mMoradm 6wl
cKasaTh: «B aroM mpospaserca QyHAaMeHTAIBHOE e[HHCTBO UPH-
poasy. Ho uro aro smagmr? Uto moz40 Gesr 03HAYATH TAKOE 3a5B-
anergue? Jro Morao G mPOCTO O3HAUATH, ITO YPABHEHUS JJIs pas-
HEIX ABIACHWH HOXOKH; HO TOT[A, KOHETHO, MK He NaJH HEKAKOTO
o0pacHerus. «DynnaMentansbHOe eIUHCTBOY MOrIo Ol 03HAYATH,
4TO BCE CHEJAHO M3 OLHOTO M TOTO jKe MAaTepHhaja, a IOTOMY HOJ-
9uHAETCA OJHHUM W TeM ke YPaBHeHHAM. JBYIHT KAaK HEIIoXoe
o0bsACHeHWE, HO [aBafiTe HOPA3MHCINM. OJEKTPOCTATHICCREIL
moTeHnyan, guddysust HeHTPOHOB, MOTOKR TEINIa — HEYIKENH MEL
HeicTBATEIBHO WMEeM [eJO0 ¢ OJHHM M TeM jxe maTepmasiom? Mo-
JKeM JIW MH B CaMoOM jelle mpefcTaputh cebe, IT0 BIeKTpPOCTATHIe-
CKMii TOTeHImAN (fusuuecku WRCHTUICH TeMIeparype HIH IIIOT-
HoctH Yactun? HasepHara ¢ He coscem mo e camoe, 9T0 TEIIOBAS
oHepruA uactul,. CMemenne MeMOpPaHBl SIBHO He NOXoX¥e HA TEMIIe-
parypy. C xaxoil ;e craTu TOPHA 37eCh HPOABIseTCS «pyHIAMEH-
TAJBHOE ENUMHCTBON?

Bomee mpucransHH B3IAA] Ha QUIUKY PasHHIX BOLIPOCOB IIO-
Ka3HBAaeT, 970 YPABHEHUA Ha CAMOM jlejie¢ He WACHTHIHH. ¥ paBHe-
HKe, HaiifegHoe wmamu Ous puddysum HeATPOHOB, BCero JHIIB
opubImKeRne, KOTOPOe OKABKIBAGTCH XODPOIIMM, eCIH HHTEPeCcyIo-
Iee HAC PACCTOAHEE BEIMKO IO CPABHEHWUIO ¢ [JIWHON cBOOOZHOTO
npobera. Ecam Gbl MBI mpuUrasenuch HOBHUMATEJbHEE, TO YBUASAN
OBI, KaK JBWKYTCA OTHCIbHEE HeiTpoHH. Paszymeercs, [BIKEHHE
OJHOr0 HeiTpoHA M IIaJKue M3MeHEHHs, KOTOPHE MH IOoJydaem
upu pemenun 1uddepeHNHATHLHOTO yPABHEHN, Bemn pasasie. J{nd-
depeHnuanbHOE ypaBHeHHC — 9TO NPHOIAMAKEHHE, TOTOMY 9TO MEL
COUYJN, 9T0 HeHTPOHEL IIIATKO PACIPEeJeHE B RPOCIDAHCINGE.

Mosxer 6biTh, 6 9mom m cocTomt pasragka? Mosker GEITB, 0o0miee
BCeM ABJIEHUSM eCTb RPOCMPAHCINEO, T€ PAMKI, B KOTOPHE BILOKeHA
¢pusuxa? Iloka Bce MeHseTcs B mpocTpaHCTBE [OCTATOYHO ILIABHO,
Ba/KHEMU (AKTOPAMH, BXOMAIUMH B paccMoTpenme, OYAYT CKO-
POCTH HM3MEHEHHA BeJUYHWH B 33aBUMCHMOCTH OT IOJOYKEHHA B IPO-
c¢rpancTBe. BoOT IoueMy y HAC Beerjga HONydYaeTrcd ypaBHEHHE C
rpaguedToM. IlpowsBoguabie doaxcHb MOABIATHCA B BHe DAJUEHTA
WIH [¥BepreHINN; 3aKOHE (PUSUKH HE 3a6UCAM OM HanpasieHud,
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T0ITOMY OHM JOJKHH BEPRKAThCH B BUAE BEKTOPOB. ¥ PaBHEHMA
3JIEKTPOCTATHKE — DTO UPOCTEeHNIME BEKTOPHHE YDPABHEHHS, BRI~
Yal0IHe TOAbKO HMPOCTPAHCTBEHHHIE TPOW3BOZHEE BEJIWIHH, KOTO-
pHe MOKHO BoOOme 3anuncars. Jlwbas gpyrasg npocmas upobiiema—
UTW YOpOIleHHe CHOKHOE mnpobieMH — HOMKHA OHTH TOXOMKL
HAa 3nexTpocTaTHKy. OOmEUM [AMg BceX HANMX 3a0aY ABIACTCA
TO, 970 OHM CBABAHEL C RPOCMPAHCINGOM, H TO, ITO M UMUMUDYEH
TO-HACTOAMEMY CHOKHEIE ABIEHHA TIPOCTHM AuddepeHnuaIbaEM
ypaBHeHUEM.

Orcrofa BO3HHKAET eIIe ONWH MHTePeCHH Bompoc. A He cmpa-
BEJINBO JIH 9T0 YTBEeD:KACHNE U AJiA YPABHEHUN s.4eKkmpocmamury?
Mosxer GHITH, W OHM TOIATCS TOABKO KAK CIVIQKEHHAST UMUTAIUS
Ha caMoM fedie ropasno Gosmee cioxuaOro Mukpomupa? U peansusti
MHUD COCTOUT M3 MAJEHBKHX X-0OHOB, KOTOPHE MOMKHO PA3JXUINThH
TOJNBKO HA YPe3guualiHo MAJBIX PACCTOAHUAX? A TPOBOJA HAMM
H3MEepeHWsT, Mel Beerga HaOmOgaeMm Bce B TakoM rpyGoM Macmrade,
ITO HE MOJKEM YBHIETh STH MAJCHbKHME X-OHEI, BOT IOUEMY MH H
opuxofuM K auddepeHnUaTbHEM YpABHCHHAM?

Hama coBpemenuas gandonee morrHas Te0pus dIeKTPOLNHAMIKE
IefCTBUTENBbHO OGHADYKUBAET TPYAHOCTM HA OYeHb MAJHX pac-
croananax. llostoMy B mpuHIEDE BO3MOMKHO, YTO DTH YpPaBHEHUSA
npefcTaBiAlwT cobol criaajkeHHue Bepcum gero-ro. OHEH OKA3H-
BAIOTCA NPABWIBHBIMA HA PACCTOAHUAX BIIOTH Ao 10714 cx, HO 3a-
TeM OHH HAYMHAIOT BHIJAAETb HENPABHALHHMIE. Bo03MoIKHO, 4TO
CYIECTBYET IOKA elle He OTKPHTHIH «(MEXAHH3MY B 9T0 IETAIN BHYT-
PEHHETO CIOMKHOI0 YCTPOHCTBA CKPHITHI B YPAaBHEHHMAX, MMEIOIHX
rAAgKAA BU, KaK 9TO MONYJAeTCsS B «TIaaKoi» Iupdysunm HeiiTpo-
nos. Ho HuKTO eme He cyMea copMyI@poBaTh ycHeNMHON TeODHH,
KoTopass On paboraia TaxkuM o6GpazoM.

Kaxk sTo Hm crpaHHO, oKasmBaercsa (IO IPHYMHAM, B KOTOPBIX
MH ellle He pazoOpalmch), 4TO KOMOHHAIMA pPeATABU3MA H KBaH-
TOBOI MEXAHUKHM, HACKOJLKO Mbl HX 3HAEM, IIO-BHUIKMOMY, 3anpe-
Waem OPHIYMHBAHNE ypaBHeHmi, §YHIAMEHTAJbLHO OTIUYHBIX OT
ypasrenust (12.4) u B 10 3Ke BpeMs cBOOOTHHBIX OT HPOTUBODPEUMII.
3aMerhTe: He H3-32 PACXO;KICHUH ¢ DKCIEPUMEHTOM, & OT GHYMPeH-
ruzr npomusopeyuii. Taxkux, KaK, cKakeM, mpejickazanue, 9TO CyM-
Ma BEPOATHOCTEH BCEX BO3MOMKHHEIX UCXOMIOB CTaHET He pAaBHOM
e[IMHNNe WM 9TO DHEPIHH OKASHBAIOTCA KOMILIEKCHEIMU YUCIAMMU,
HIN eme Kawkoi-gmOyme dgemyxu. Huwxto eme He cos3man Teopua
BACKTPUUECTBA, B KOTOPOH Y2 =—p/€, momuManoch OBl KaK CTaa-
meHHOe mpHOmnKenue K Gonee ray0oOKOMYy MeXaHHM3My U KOTOpas
He NPUBOAWIA OH B KOHEYHOM cuere K KaxoMy-nmumbo abeypay.
Ho mapmo cxasarh, 9T0 NPaBWIBHO TAKIKE M TO, YTO HPEIIONOKeHAE
0 CHpaBeIUBOCTH V2@ =-—p/g, mua MOOLHX KAK YTOMHO MAJBIX
PACCTOSHHA TOKe HPHBONUT K OUKOMY alfcypay (smekTpmiecKas
SHePrHA JeKTpoHa Oecroneuda) — abcypny, OT KOTOPOro HHKTO
eme He CyMes M36aBHTHCSH.



I'easa 13

MATHUTOCTATHKRA

§ 1. Mazrnwummroe noae

Cuna, gelficTsyiomasa HA 9AeKTPHYECKHI 3apAL,
3aBHCHUT HE TONBLKO OT TOTO, ITMe OH HAXOUTCA,
HO W OT TOTO, ¢ KAKOil CKOPOCTHIO OH JIBU;KETCH.
Haskpnas To4ra B mpoCTPAHCTBE XapaKTepH3YeTCs
ABYMS BEKTOPHEIMH BeJWIMHAMH, KOTODHE ompe-
ZeNAT CHUIY, AeHCTBYIOmMY Ha 000 3apAX.
Bo-mepBrix, uMeercs agekmpuueckas cuid, RA0-
masg TY 9acTh CHJBI, KOTOpas HEe 3aBHCHT OT JIBH-
JKeHHA 3apafa. Mel onmceiBaeM e€e ¢ IOMOIIBIO
snexkTpuueckoro monsa E. Bo-sropmix, ects empe
A00aBOYHAS KOMIOHEHTA CWJIBI, HASHBAEMAasg Mae-
HUmMHOU cuaoli, KOTOpPAs BABHCHT OT CKOPOCTH
3apAfa. ITa MAarHATHAS CHJIA WUMeeT YIUBHUTEIbHOE
cBoiicTBo: B JI060I JaHHONH TOYKe HPOCTPAHCTBA
KaK Hanpaeienue, TaK W GeAUYUHA CHIEL 3aBHUCAT
OT HAIpABNeHUA IBIGKOHUS YACTHIH, B KayKOHU
MOMEHT CHJIA Beella HepHeHIUKYJIApHA BEKTODY
CKODOCTH; XpoMe Toro, B JIO0OOM MecTe cuiaa
Bcerfa HmepHeHAMRYIAPHA onpedeaeHHOMY HANPAS-
Aeruw e npocmpancmee ($ur. 13.1), u, Baromer,
BeJIMYWHA CHJIB TPOUOPINOHAILHA KOMNOHEHME
CKODOCTH, NEePHeHIHKYJIAPHON BTOMY BHIfeI€eH-
HOMY HAOpaBieHWI0. Bce 5TH CBOHCTBA MOMHO
ONHCATH, €CIMW BBECTH BEKTOD MATHHUTHOIO HOJA
B, KOTOpHIl ompefelsieT BHIIEJIEHHOe HAIPABIE-
HIC B IIPOCTPAHCTBE M OXHOBPEMEHHO CIYHKUT
KOHCTAHTORX TPONOPOUOHAJBHOCTH MEKAY CHIOH
H CKOPOCTBIO, W 3aMHCATH MATHUTHYIO CHIAY B BUIE
qvXB. llonmas sunexTpomarHuTHas cuna, uei-
CTBYIOIIAs HA 3aPAJ, MOMET TOrMa ORITH BAITHCAHA
TaK:

F=gq(E+vxB),

Ona mHaswBaerca cuaoli Jopenya.

(13.1)

§1.Marunrioe sone

§2.9acrTpruceRnii
TOK;
coxpaHenne apa:

-

§3. Marwarrm
peiier:
TOKR

A ena,
s HA

§4.Marnu o noee
HOCTOSHALIX 70RO
Barot Aniepa

§9.Marnnnor none
PSHOro nponoja
B COTCHOIALS
ATOIELIC TORM

§6.OmnoenrenntoeTd
MAFHATHIX
M BIORTHHCCRIX
moucii

§7.1Ipcodpasosnnne
TOKOB M BaPUUB

§8.Cynepnosmina;
rpaiEae npanoil
DYEH

ITosmsparmn! va 1d
(Boin. Z)
«Caenmanspaan
TEOPIIN STIICCH-
TeABHGL LI
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D ue2. 13.1. 3asucawyas om cropo-
CMU KOMROHEHMA CULBl HA Oeuxy-
wulica 3sapsd Hanpasiena nepner-
duryaapro v u eexmopy B.

Ona npono pyYUOHAIbHE MAKHCE KOMNOHEH=
me v, nepnenduryanproii B, m, e. vsin0.

Marguiayio cmay MO:KIO JIErKO MIPOJEeMOHCTPHPOBATL, €cln
MOHECTH MAarHUT BIMIOTHYI K KaTogHoi TpyOne. OtkaoneHue
BAEKTPOHHOIO Jy4a YKas3hiBaer Ha TO, ITO MArHHT BO30Y:KOaer
CWJIH, NeHCTBYIONe HA DHIEKTPOHBl IEePHEHAUKYIASAPHO Hampapie-
HHIO #X OBWKeHHA (MBI yme o6 pToM rosopuau B Bhim. 1, ra. 12).

Epununeii marautnoro mous B, ouesnano, apngercsa 1 HbpoTOH-
CceKyH[a, NeleHHAA HA KyJoH-meTp. Ta e exmampa Moxker OHTH
HAIIWCAHA KAK BOJBT-CEKYHIA HAa KBagpatasiii merp. Ee nHassr-
BAIOT emie 6ebep Ha keadpammuili memp*.

§ 2. Daermpuuecrkuit mor; corpanenue 3Gpala

Ilopymaem Temeps o0 TOM, HOYeMY MATHHTHHE ~ CHJILI [eii-
CTBYIOT HA OPOBOJA, MO KOTOPHM TedeT aieKTpudeckuil Tor. [asa
DTOTO ONpeesuM, 9Té MOHEMAETCA WOJ ILIOTHOCTHIO TOKA. JJEKT-
PHUCCKHA TOK COCTOUT U3 ABWKYIMUXCA 3JIEKTPOHOB WIH APy~
ruxX 3apAZOB, KOTOPHE 00pasyoT pe3yabTHPYIOMEe TE€YeHWe, WIN
moToK. MBI MOKeM mpefcTaBUTh IOTOK 3apPALOB BEKTOPOM, Ompe-
JeNARIEM KOMWYECTBO 3aPANOB, KOTOPOe NPOXOAMT B eNHHHIY
BpeMeHH uYepe3 eZWHUUHYIO INOMATKY, HEPICHIUKYIAPHYI IIO-
TOKY (TOYb-B-TOYh KAK ME DTO JeJalH, OMpe/essAsa IOTOK TeHna).
HazobeMm oTy BeImumHy 7.40MmHOCMbI0 moka H 00O3HATHM €€ BeK-
topoM j. OH HampasieH BHONb ABIKeHWUA 3apsapmos. Ecnm B3ATL
MAJIeHBbKYI0 mIomafky Aa B JAHHOM MecTe Marepuayia, TO KOIu-
YeCcTBO 34PAMOB, TeKymee 4epe3 INIONMAJKY B eNUHMIYY BpPEMeHH,
PaBHO

j-nAa, (13.2)

rge n — efUHHYHHE BexkTOp HOopMasum kK Aag.

[InorHocTs TOKA CBsizaHA €O CpefHell CKOPOCTBIO TEYEHUSA
sapapos. llpegmomoyxmm, 9T0 mMeerca pacnpefelieHue 3apsjioB,
B cpefHeM fpeiipyromux co ckopoctsio v. Korpma sro pacmpepeine-
HUe TPOXONUT 4Uepes diIeMEHT morepxHocTH Aa, To 3apam Ag,

* Wan, xopouc,— mecaa.— IIpum. ped.
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@ u e 13.2. Ecau pacnpedescnue
sapados ¢ naomrocmbio O Odsu-
HCEMER €O CKOPOCMIbIO V, IO KoAU=
wecmeo sapada, nporolauiee 8
edunuyy epemenu uepes naiowyad -
Yy Aa, ecmb pv-nia.

npoxonauuii vepes Aa 3a spema A, paser sapsny, cogeprameMycs
B mapamienenwunefe ¢ ocHosanmeM Aa m Brcoroi vAf (Pur. 13.2).
O6seM mapannejennmea €cTh IpousBefeHue mpoexknuz Ag, mep-
HeHTAKYISPHOA K Vv, Ha vAl, a YMHOMKAas ero HA INIOTHOCTH 3aps-
Jos p, monyzaeM Ag. Taxmm o6pasom,

Ag=pv-nAaAt.
3apsaj, IPOXONAMMIl B efHHANY BPEMEHH, TOTHA paseH pv-nAa,
OTKYHa TOJIydYaeMm
j=opv. (13.3)

Ecau pacnpepeieHue 3apAKOB COCTONT W3 OTHAEJIBHHIX 32DAN0B,
CKAKEM DIEKTPOHOB C 3apAfOM ¢, ABIMKYIIHXCH €O CpefHedl CKo-
POCTHIO V, TO IJIOTHOCTH TOKA PABHA

j=Ngv, (13.4)

rae N — 4nmcsio 3apsamoB B efuHune obbeMa.

IMorHoe KommuecTBO 3apsaga, HPOXOAINEe B eIUHUIY BpeMeHR
qepe3 KAKyI-TO IMOBePXHOCTh S, HA3BBAOTCHA 3.4CKMPUMECKUM MO-
kox I. OB paBed maTerpajy oT HOPMAJLHON COCTABIAIOMEH MOTOKA
no BeeM diemeHTaM mosepxHocTH (Pur. 13.3):

1={j-nda. (13.5)
S

“ij

da

;

Due. 13.3. Tox I wuepes nosepz~
nocmes S paser fj-nda.
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Due, 13.4. Humespar
om j-n no samEHymot no-
8epTHOCIMU  DAGEH, CKOpPO-
CMmu UBMEHEHURA TNoAH020
sapada Q enympu,

Tox I m3 3aMKHYTO# moBepXHOCTH S WpeAcTaBisger coGoll cKo-
pocTb, ¢ KOTOpo#l sapsgn moxugalor obbeM V, OKpyiKeHHHH mmo-
sepxHOCTb0 S. OOWH W3 OCHOBHEIX 3aKOHOE (H3WKH TOBODHT,
970 AEKMPUUECKULL 3apAld HeYrUuwmoscaem; OH HUKOTA HE TepAeTcH
W He CO37aeTcs. NIeKTpHIeCKWe 3apANE MOTYT INePEeMemaThed
¢ MecTa HA MeCTO, HO HUKOI/A He BOZHUKAIOT ®3 HwIero. Mm ro-
BODHM, 910 3apad coxpansemcs. Ecau W3 3aMKHYTOI MOBEPXHOCTH
BO3HWKAET Pe3yIBTHPYIOMUH TOK, TO KOJIMYECTBO 3apAga BHYTPH
LOJKHO cOOTBeTcTBeHHO yMmeHbumiathesa (ur. 13.4). ITosTomy mm
MO;KEeM 3aUHCATh 3AKOH COXPAHEeHWs 3apAAa B TAKOM BHJe:

. d
J-!ldd= _—d—t (QBHYTD)' (13.6)
Jlbana
8aMKHyTasa
TIOBEDXHOCTH

3apsag BHYTPH MOYKHO 3amACATL KAaX 00BEMHHE WHTEIpAN OT IJIOT-
HOCTH 3apsfa

QBHYTD = S PdV- (’13.7)

\'’4
Buytpu S

Upnvensns (13.6) & mamomy ob6semy AV, MOKHO y9ecTh, 4TO
mHTErpan caesa ectb y-j AV. 3apsan sayrpu pasen pAV, mosrtomy
COXpaHeHWE 3apsga MOKHO eme BalEcaTh H TaK:

. g

(omaTte teopema l'aycca ms martematmrm!).

§ 3. Maenuwmnas cuaa, deticmeyronias Ha MoK

Tenepb MW T0CTATOYHO HOATOTOBJEHA!, YTOOK OIPENESHUTh CHIY,
JeficTBYIOIMYK Ha HAXOAAMYIOCA B MATHUTHOM ION€ HPOBOJIORY,
TI0 KOTOPOH HAeT TOK. TOX COCTOMT M3 3apAsKeHHBIX YACTHII, JBH-
JKYMUXCA IO LPOBOJOKe cO ckopocrbio v. Hasxnmeii 3apsagm ays-
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Due 13.5. Maernumnas cura
M4 RPOBOLOKY € MOKOM pAeHa
cymme cua Ha omdeavrvie Oauicy-
uecs 3apadsl.

)
L

/ q Vv ’

\
/
I//._../—'" ] o—
Ve

CTBYeT NONEPEUHyI0 CHIY B "
F=¢gvxB .
(pur. 13.5, a). Ecau B egm- / vi

HUYHOM o0BeMe TAKHX 3a- v/ i/ I
pAgoB mmeerca N, To HX s z

J
YWCIO0 B MajoM o0BeMe / ——
BHYTPH Hpoponoxkn AV pas- / 4F /

)

gHo NAV. Honsas wmarmmr-
Hasg cura AF, neitcrsyio-
masg Ha obeem AV, ects
CyMMa CHJI HAa OTHEJbHEE 3apPANIH

AF = (NAV) (v x B).
Ho Ngv Begs xak pas papHO j, Tak 410
AF =jxBAV (13.9)

($ur. 13.5, 6). Cmna, gelictsyromas Ha equHuIYy obmema, paBHA
ixXB.

Ecan mo mpoponmoxe ¢ momepednsiM cedenueM A paBHOMepHO
M0 CEUeHHIO TedeT TOK, TO MOMKHO B KauecTBe pieMeHTa o0BeMa
B3ATH HWIHHRD ¢ ocHopaHmeM A m gaumnoi AL. Toraa

AF=jxBAAL. (13.10)

Temeps Mo;kHO jA HasBaTh BexTopoM Toka I B mposoaoke. (Ero
BenWIHHA €CTh DICKTPHICCKHN TOK B IIPOBONIOKE, a ero HAIIPaBJe-
HHe COBHOAJACT ¢ HAIpapieHueM muposojokd.) Torma

AF=1xBAL. (13.11)
Cuia, AelicTByHOMAA HA EIWMHHNY JIMHK NPOBOnOkKH, ecth IXB.

JTO0 ypaBHeHHe COJEKHT BaKHHI pes3yabTaT — MArHATHASA
cmna, AelicTBYmAas Ha TPOBOJAOKY W BOBHMKAIOILAA OT ABIMEHHUA B
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Heil 3apAZOB, 3aBUCHT TOXHKO OT IOAHOTO TOKA, a HE OT BEJIMIHHK
3apsAfa, MePeHoCHMOro KaKMOH uacTHIed (M Jaske He 3aBHCHT OT
ero sHaka!). MarEuTHAs cuna, AeficTBYOINAsA HA IPOBOJIOKY BOIH-
30 MArHWTAa, JerK0 OCHADPYKHEBACTCS HO OTKIOHCHHWIO IPOBOJIORE
Opu BKJIKYCHHHE TOKA, KaK 010 Hamu onucaHo B ra. 1 (cM. ¢ur. 1.6,

crp. 20).

§ 4. Maznummnoe noae NOCMOANHOLO MNOKA;
sarxon Amnepa

AMul Bupenn, 9T0 HA TPOBOJOKY B MAarHUTHOM IIOJE, CO3FaBac-
MOM, CKa;keM, MarHwroM, geiictsyer cmaa. M3 saxkoma o toM, uro
feficTeue pPaBHO NPOTHUBOZEHCTBHIO, MOKHO ORIZATH, YTO, KOTHA
Do IPOBOJNIOKEe HPOTeKaeT TOK ¥, Bo3HUKAeT cmia, AeilCTBYOINAS
Ha HCTOYHMK MATHUTHOTO IOJA, T. €. HA MarHuT. Taxue cmisr jei-
CTBATEJLHO CYMECTBYIOT; B BTOM MOKHO yOOIUTHCA MO OTKIOHEHUIO
CTPENKH KOMIaca BONUM3H HPOBOJOKH ¢ ToxoM. [laree, M smaew,
970 MATHUTH HCUBITHBAKT JefCTBHEe CHI CO CTOPOHBI APYTUX Mar-
HUTOB, a OTCIOfA BHITEKAeT, 9TO KOIAZA HO IPOBOJOKE Te4YeT TOK,
10 OH cosfiaet cobcTBEHHOe MATHUTHOE TOJe. SHAYUT, ABIKYIIHECH
sapsim co3darom MaraEmrHoe moiye. llomeTaeMcst MOHATD 3aKOHEHI,
KOTOPHM HOJYHHAOTCA TaKHe MAaTHWTHHE Iods. Bonpoc crasures
TaK: [aH TOK, KaKoe MarEWTHOe moje o" cosfgact? OTeer Ha 39TOT
BOIPOC OBIT MOJYYeH HKCOEPUMEHTANBHO TPEMsI ONBITAMH M IIOJ-
TREDKICH OJeCTANUM TeOpeTHYeCKUM JOKA3arenbcTBOM Ammepa.
Me He GymeM ocTaHaBIUBATBCSA HA 3TOH HHTEPeCcHOHN Hcropwu,
a IPOCTO CKAIKEeM, 4TO OOJbHIOE THCIO DKCIEPHMEHTOB HATJAMHO
TOKA3AT0 COpaBeIuBoCcTh ypapHenuit Maxcseana. Ix Ms ¥ BO3b-
MeM B KagecTBe oTHpaBHOH Tourd. OmycKaa B ypapHEHHAX YICHH
¢ TMPOU3BOAHKIMYU N0 BPEMEHH, MH HOoJydaeM YpaBHEHUA MAZHUMO-
cmamukry

v-B=0 (13.12)

H
ctyxB=1 (13.13)
€0

IJTH ypaBHEHUS CHPABENJIUBH TONBKO IPH YCIOBUH, 9TO BCE
MJIOTHOCTH JIEKTPUYECKUX 3aPANOB U BCe TOKH MOCTOAHHEI, TaK
9TO 3JeKTPHYECKHE H MAUHHTHHE IOJSA HEe MEHSIIOTCA CO BpeMe-
HeM — BCe HOJA (CTATHICCKUE».

Momuo TyT 3aMerurhb, 9TO BEpHTH B CyIECTBOBAHME CTATHAYE-
€KOT0 MArdUTHOTO TOJA AOBOIBHO ONACHO, IOTOMY YTO BOOOIE-TO
IJs1 DONyYeHUsT MATHHTHOT O IO HYAHK TOKH, 4 TOKH BO3BHHKAIOT
TONBPKO OT JABWRYymHEXca 3sapsamgos. CiemoBaTelbHO, (MATHUTO-

* [loToM ME YBUAWM, 9TO TaKue NIPefUOJIOMeHHsa, BooOIle ToBops, He-
NPABINIbEN AJS 3J6KTPOMATHUTHHX CHil
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cTaTuKay — ToabKo npubamuenme. OHA cBA3AHA ¢ OCOOBIM CIy-
9aeM J[HHAMHKH, KOTJA JBHIKETCA 604bULO€ HUCA0 BapPANOB, KO-
TODHE MOYKHO NPHOMM;KEHHO OWHMCHIBATL KAaK MOCMOAHHHI TOTOK
sapanos. Toabko B 9TOM ciIydae MOMKHO TOBOPHTh O TAOTHOCTH
TOKAa j, KOTOpasA He MeHsAeTcsa cO BpeMeHeM. Domee ToZHO Ty 00-
ZACTh caefoBamo OH HAa3BaTh H3YIeHHEM MOCTOSHHHX TOKOB.
IIpegmonarast, gaTo BCe mONA MOCTOSHHBI, Mbl OTGPACKHIBACM UWJICHEI
¢ JE/dt u 0B/0t B nonmmx ypapuenmsax Maxcsesna [ypasmEeHns
(2.41)] n monyuaem nBa HammcaEHKX BuINe ypasHemua (13.12) u
(13.13). 3amernre Tarke, 4TO IOCKONbKY /JHBEPIEHHUA POTOPA
1100010 BeKTOpa Beerga Hyab, To ypapuenme (13.13) tpedyer, aro-
60 y-j= 0. B cuny ypasmemus (13.8) 10 BepHO, TONbKO ecam
0p/dt =0. Ho Taxoe moser 6mTb, ecnu E me Mensercs co Bpeme-
HeM, CIeZOBATEeJbHO, HANIM NPEAUONOKEHWA BHYTPEHHE COIIIACO-
BAHHL.

Ycnosme, uro y-j= 0, osHagaer, 970 y HAC MOTYT OHTH TOABKO
3apAAE, TEKYD[Me T0 BaMKHYTHM OoyT1aM. OHE MOTYT, HAampHMep,
Tegh IO MPOBOJaM, 00PA3YIOMMM 3aMKHYThIE IETIHN, KOTOPHE HA3bl-
Barorea yenamu. llemw Moryr, KoHe9HO, CONEDIKATH TeHEPATOPH
Hnan Garapew, UOFACPIKUBAIOINME TOK 3apsagos. Ho B HEY He
HOJKHO OBITH KOHJIEGHCATOPOB, KOTODHIE 3APAMKATCA WM pasps-
sxaoresa. (Mel, KOHETHO, pacIMPHM TEOPHIO, BKJIOYNB IepeMeH-
Hble IOJA, HO CHAYANA MH XOTHM B3fATh 0oliee WPocToit caydai
MOCTOAHHKIX TOKOB.)

O6parmMmes Temepdb K ypasHerusaMm (13.12) u (13.13) n mocemor-
puM, url oHu o3Hagaior. I[lepsoe rosopur, 4T0 AmBepreHnma B
pasHa myian. CpaBEHBAA €T0 ¢ AHAJOTHYHKIM yPAaBHEHIEM BJIeKT PO-
CTATHKH, 1O XKOTopoMy V-E =p/g,, MOKHO BaKIWYUTH, ITO Mar-
HUTHOTO aHAJOTa dIEKTPHUECKOro 3apsaga He cymecteyer. He Owi-
BAGT MAZHUMHBE 8apAdog, W3 KOTOPHX MOLJIH OBl MCXONUTH AH-
aun B. Ecau ropoputh 0 «IMHUAX» BeKTOpHOTo mojad B, to oHn
HHOT7e He HAYMHAIOTCA X HUrZe He okamdm-aworca. Ho Torga orryma
we oHu GepyTca? MarHuTHBIE IOJA (HOABITIOTCAY 8 RPUCYMCMEUU
TOKOB; POMOpP, B3ATHHA OT HHX, NPONOPHUOHAJEH HIOTHOCTH TOKA.
Korga ecth TOKU, eCTb W JIWHWH MATHHTHOTO TOusA, o0pasylomue
meTau BOKPYT TokoB. Ilockonbky amaum B He mMeoT HE KoHIA,
HH HA4aJa, OHM YaCTO BO3BPAIAIOTCA B HCXOXHYIO TOIKY, 06pasys
saMKHyTHe metan. Ho MOTYyT BOBHUKHYTE # §07ee ClIOMKHEe CIyIad,
KoT[a JuHAH HE OPeACTABILIT cO00il mMPocTHX merTexb. OgHAKO
kax Obl OHH HH NIIK, OHA HUHKOTIA HE HCXOmAT M3 Touex. Huxaxmx
MACHATHHX B84aPAZOB HUKTO HHKOTZA HE HAXOJWI, IOITOMY
v:-B=0. 910 sxe yTBep:KIeHUe CHpABEJIUBO He TOABKO A Mar-
HATOCTATHKHA, HO CHODaBEHIHBO 6cezda — NAKe A AUHAMUYECKUX
mogeH. :

Cpasp mesxny momem B m roxamm maercs ypasmenuem (13.13).
Moxomenne 3gech COBceM apyroe, B KODHE OTIMYHOE OT DIIEK-
TpocTaTURH, THe y Hac Oblro y X E = 0. 910 ypaBHenHe 03Havalo,
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flemaa T
\ D u e 13.6. Konmyprui urnmes-
pasr om maHeenyuasbHoll  co-
Nosepxrocms S cmasasiowyeti B paser nosepzro-
CIMHOMY UNMEZPAAY OM HOPMAAb-
KOl cocmasasowelt  6eKmMopa
(VXB).
(¥
V><n
VxB

4T0 AuHelHHA mHTerpaa ot E mo mofoMy 3aMKHYTOMY OyTH paBeH
HYIIO!

E.ds=0.

IIo netyie

Mu momyumnm ator pesyabTar ¢ momompbio Teopemu Crokca, co-
[JIACHO KOTOPOil MHTETPAJ Mo JI060OMY 3aMKHYTOMY HYTH OT 4106020
BEKTOPHOTO HONA PABeH MOBEPXHOCTHOMY HHTerpaxy OT HOPMajb-
HOHl KOMIOHEHTH pOTOPa 3TOr0 BeKTopa (mHTerpan Oepercs IO
a1000H TOBePXHOCTH, HATAHYTOH Ha JAaHHHHA KOHTYD). Illpummenssa
BTy JKe TeopeMy K BEKTOPY MATHATHOLO IOJIS ¥ MCUOAB3Ys 00o-
3HAYeHNUs, HoKazaHHHe Ha ¢umr. 13.6, momyduaem

¢$B.ds={ (vxB) nda. (13.14)
T S

Haiina rot B ms ypasmenns (13.13), nmeem
fB-ds:-l—?Sjmda. (13.15)
g €C g

Nurerpan or j mo S, cornacuo (13.5), ecrb monmmii Tok I uyepes
mosepxHocts S. [[OCKOIBKY [isi HOCTOSHHEIX TOKOB TOK uepes S
He 3aBucHT oT GOpMEI S, eCiiu oHA orpaHmueHa Kpusoii I', T0 00HIU-
HO TOBOPAT O «TOKe depes saMKHYTyio0 mertnoo I'». Mu mmeem, Ta-
KuM 06pasoM, ofImuii 3aKOH: MuUpPKyLsanus B mo m060i 3aMKHYTOl
KpUBOii paBHA TOKY / CKBO3b METNIO, JENEHHOMY Ha €%

I
S B.ds = _cxsosl (13.16)
I

goc?

JTOT 3aKOH, HA3HBAEMHIl 3akoHoM Amnepa, UTpaeT TARYO jKe
ponb B MarAMTOCTaTHKE, Kak 3akoH l'aycca B ameKTpocTaTtmke.
Opne aumb 3aK0H AMmepa He onpegensier B gepe3 TOKH; MBI JOIK-
HH, Boo0me rosops, mcooabsosars Takme y-B=0. Ho, rax mu
YBUIEM B ciaegylomieM maparpage, OH MOeT OHTb HCIIONb30BAH
JUIST HAXO;KIEHUs IIOJS B TeX OCOOHIX CIydasX, KOTOPHE 001afaioT
HEKOTOpOll mpocToil cEMMeTpHei.
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§ 5. Masnummoe noae npamozo npoeoda
U COAeHOUIA; GMOMHLLIE MOKU

MosxHO moKkazaTh, KaK IMONb30BATHCH 3aKOHOM AMmepa, onpejie-
JMB MATHHUTHOE IOje BONMSH mpoBOfa. 3aJajliM BOHPOC: 4YeMY
PAaBHO mode BHE MJIMEHOTO MPSAMONMHEHHOrO HPOBOXA IMIHHIpPH-
yeckoro ceuemmsa? Mm chemaeM ORHO NPENOONOKEHHE, MOMKET
OHTb, He CTONb Y O4YeBUJHOE, HO TeM He MeHee HpPaBWIBHOE:
auHEM 10Js B mayr BoKpyT mpoBofa Io OKpy:KHocTH. Ecam met
cleaeM TaKoe MpemoonieHme, TO 3aKOH AMmepa [ypasHeHHme
(13.16)] rosopmr HaMm, KaKOBA BeIWUYWHA HOXsA. B cuny cummerpum
3agagm mode B wmMeer OfMHAKOBYX BENIMYHHY BO BCEX TOYKAX
OKPY/KHOCTH, KOHHEHTpH4ecKoi ¢ mposomom (dur. 13.7). Torma
MOMKHO NeTKO B3ATH NWHeHH T wHTeTpax ot B-ds. Ou pareH mpocTo
penmauHe B, yMHOmeHHOI Ha [IMHY OKpy:kHOcTH. Eciam pagmyc
OKDPY/KHOCTH PaBeH r, TO

fB-ds:B-an.

ITonnetit Tox "wepes merao ecTh mpPOCTO TOK J B HPOBOLE, IIOITOMY

B 2mr = !
&

0c?’
HiIu

B= % (13.17)

" dnege? ¢ °

HanpsxennocTb MarHMTHOIO IO cHajaeT o0paTHO IPOIOPIHO-
HaJIBHO 7, PACCTOAHHIO OT ocH mposopa. Ilpm skenanun ypasHeHn®
(13.17) moxHO 3aumcarb B BeKkTOpHOH ¢opme. Bemommuas, wr0
B manpasieHO NepOeHAMKYJIAPHO Kar I, Tak W r, uMeeM

1 _2IXe (13.18)

T Anggr r

Que 13.7. Maenumnoe
nose 6ne OAUHHO020 nP060JA
¢ moxron I, .
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e 1% 5% 1% o%3
ARSI A

Q@ ue 13.8. Maenumroe noae daurHoeo corenouda.

Mt Bogennam MHOmETENb 1/4me c?, mOTOMY 4TO OH 94acTo IO-
apastercss. CTOUT 3amOMHUTD, 4TO OH paseH B Tognocrn 1077 (B cu-
creme emmauy CI)*, moromy uro ypasmenme Bmpaa (13.17) wmcmoms-
syerca s onpedeserus eIWHUIH TOKa, amnepa. Ha paccrosumu
1 x 10K B 1 a cosgaer MaraurHOe moxe, pasgoe 2.1077 gefep/m?.

Paz TOR co3jaeT MAarHHTHOe Ioje, TO OH Oyaer HeHCTBOBATH
¢ HEKOTOPOI CHJION HA COCeTHUIl HPOBOJ, HO KOTOPOMY TaKske Ipo-
XOfuT TOK. B rir. 1 Mbl ONHCHBANXE OPOCTOH OUHIT, HOKABKBAIMIMI
CHIIBL MEKY ABYMs HPOBOJIAMH, IO KOTOPEM Teder TOK. Ecnm npo-
BOJA MAPAJLIEABHEI, TO KKK N3 HUX IepHeHIUKYIApeH noiw B
ApYTOro mpoBoa; TOTJA MPOBONA OYAYT OTTATKMBATHCHA WM HPH-
TSTHBATHCA JAPYT K Apyry. Horja TOKm TeKyT B OfHY CTODOHY,
OpPOBOJiA MPUTATHBANTCHA, KOTTA TOKA IPOTHBOMOJIOKHO HAanpasiie-
HBl,— OHH OTTATKHBAIOTCAH.

BosbmeM Apyroii mpuMmep, KOTOPHI TO/Ke MOKHO HpPOAaHaTM3H-
POBaThH C IOMOIIBI0 3aKOHA AMIIEpa, eCIH elle H06aBUTh KOe-KaK1e
cBefieHNMA O Xapakrtepe moist. Ilycrb mmeercss AnumHHBIE HPOBOX,
CBEPHYTHI B TYTyH0 CHHpPalb, CEYeHHE KOTOPOH HOKA3aHO HA
¢ur. 13.8. Takasa cumpans HaseiBaercss coseroudon. Ha ommre
Mp HaOmonmaeM, 4TO KOTJa JJAMHA COJEHOHJA OdeHbL BEJIHKA IO
CPAaBHEHHIO C AWAMETPOM, TO HOJe BHE €ro OYeHb MaIO IO CPaBHe-
HIIO ¢ moleM BEYTpH. MCHOab3yst TONBKO 3TOT aKT ¥ 3aKOH AM-
mepa, MOKHO HAfTH BeTHIMHY IOJIS BHYTPH.

TMockoTbKY ToNe ocmaemcsa BHYTPH (M HMeeT HYJIEBYH [HBEp-
TEHI[NI0), €T0 NHHWH AOJIKHH HATH IapalieJbHO OCH, Kak HOKa-
sago Ha ¢ur. 13.8. Eciau »10 Tak, TO ME MOMeM HCHONb30BATH
3aKoH AMIepa s IpPAMOYroibHON «kpumBoi» I' Ha pucymke. Jra
KpHBasi NPOXORUT paccrosHme L BHYTPH coXeHoupga, rpe HOIe,
CKayKkeM, paBHO B, sareM Hjer HOJ OPAMHLM yIVIOM K HOJII0 U BO3-

* DT0 W ecTb MATHUTHAA MPOHANAEMOCTE NYCTOTH. CM. IpnMedanme Ha
¢1p. 67.— IHpum. ped.
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D uz 13.9. Maenumuoe noae
gHe coaenouda.

Bpamaercs Hasaf o BHeNI- Conetioud
Heii obmacTm, TOe OOIEM

MOKHO TpeHeGpedun. JInnei-

geii umETerpad or B BHonb

9TOli KpHBOHl paBeH B TOY-

Hoctu B,L, m BTO HONMHO

paBEATbES 1/84c%, yMHOKEH-

Homy Ha monEHil Tok Bmyrpu I, T. e. Ha NI (rpe N — umcmo
BUTKOB comemomna Ha pamue L). Mb mveem

Wau ke, BBOASA 1 — 9UCIO BUTKOB Ha edunuyy OauHbl COMEHOMIA
(rax uro n=N/L), vbl moTyIaeM
nl
et (1319

Yro OpoOMCXOMUT € IUHUAMU B, korjga OHH AOXOAAT O KOENa
comenonna? Tlo-BEfEMOMY, OHM KaK-TO PACXO[ATCS U BO3BPAMAOT-
¢ B COJEHOHJ ¢ APyroro KoHma (¢nr. 13.9). B TouHOCTH TaKOe e
Moie HAGAIO[AETCA BHe MAHHTHOU IIAJiOUKM. Hy a umo sce maroe
smargur? Hamum ypaBHeHHs TOBOPAT, YT0 IIOIC B RO3HHKaer oOT
IpHCYTCTBUS TOKOB. A MBI 3HaeM, YTO oBBIgEbIe JKReTe3Hbe OpycKH
(ae Garapeu u He TEHePaTOPH]) TOHE CO3JAI0T MarHUTHHIE HOJiA.
Br moram GH OREAATH, 9TO B IPABO YACTH (13.12) uam (13.13)
posKHb Obiu Obl ORITH JIPYTHE TICHEL, IPefCTaBIsIONIAe (II0T-
HOCThL HAMATHHYEHHOTO jKele3ay WIH Karyo-EHOy/(b TON00HYTO
pennyuEy. Ho Takoro WwieHa HET. Hamma rteopust TOBODHT, 4TO
MarHETHEe 2(GQEeKTH jKere3a BOSHUKAOT OT KAKUX-TO BHYTDPEHHUX
TOKOB, Y€ y9UTCHHBHIX WIEHOM j.

Bemecrso yCTpOSHO OYeHb CIOKHO, ecld paccMaTpuUBaTh €ro
¢ TayGOKOH TOYKM BDEHU; B DTOM MH YiKe yOeguauch, KOT7ia IIk-
raTHeh IOHATH KEadeRTpukd. UToOH He IpepeBarb HAIIero is-
JOJKEHHA, OTIOKHUM HofpoCHOe ObCYy[ienue BHyTpEHHETO Mexa-
HE3Ma MATHUTHRX MAaTepHAIOB THIIA JHeIesa. Tloxka mpmjercs
NpUHATH, 9TO M0G0H MArHeTM3M BOSHUKACT 34 cgeT TOKOB H UTO
B MOCTOSHHOM MATHHTE MMEIOTCA IIOCTOSHHLIE BHYTPCHHHE TOKM.
B cayuae kemesa 9TH TOKA COZ/JAIOTCS DICKTPOHAMI, BPATIAITH-
MuCs BORDPYT coGcTeHmbix oceif. Happrit 2leKTPOH pMeeT TaKoi
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COmH, KOTOPHI COOTBETCTBYET KPOWETHOMY NHPKYJIRPYIOMEMY
ToRy. OfuH 3XeKTPOH, KOHEYHO, He jaer GOJBIIOTO MaTHUTHOTO
moiiA, HO B OOKYHOM KyCKe BeNIECTBA COMEPIKATCA MIIIMADPAH X
MIIIHADPAH 9IeKTPoHOB. OGRIHO OHE Bpama0TCsa a00KM 06pazom,
TaK 4T0 cymmapewiii sddert mcuesaer. YIMBUTENIBHO TO, UTO B
HEeMHOTHX BENECTBAX, HOJOGHHX jKeilesy, GOAbiIasg d4acThb B3IeK-
TPOHOB KPYTUTCH BOKPYT OCell, HANPABIEHHKWX B OfHY CTOPOHY,—
y sKexesa [IBa DIEKTPOHA W3 KKIOTO aTOMa HIPHHHMAIT y49acTHe
B 3TOM COBMECTHOM JBWi<eHNHU. B mMarumre mMeercs GOIbBIIOE UHCTO
HIEKTPOHOB, BPAIAIONIUXCH B OJHOM HAUPABIEHUH, M, KaK MH
YBUAOM, WX CyMMapHHI d{eKT DKBUBAJIEHTEH TOKY, WUPKYIU-
PyOIIEeMYy IO HOBePXHOCTH MarHWTa. (IT0 OYeH®h IOXO3Ke HA TO,
YTO MH HANIM B JUDJIEKTPHUKAX,— OJHOPOMHO IIOJSPU30BAHHHI
OUDIEKTPUK YKBHBANEHTEH pacCHpelelleHHI0 3apAXOB HA ero Io-
Bepxuocrn.) ITooromy He cryvaiiHo, 9T0 MargEMTHAs HAMO9KA DK-
BHBANIGHTHA COJECHOUY.

§ 6. Omrocumeavrnocms uaeHUMHBIL
U IACEMPUUCCEUL NOAETE

Horpga mpt ckasanm, 910 MaTHMTHAA CHia HA 3aPAJ OPOIOPIKO-
HaJbHA 6T0 CKOPOCTH, B, HABepHOe, mogyMann: «Haroit ckopocru?
ITo orHomenmio ® wawoit cmcreme orcueral W3 ompemenenus B,
JAHHOTO B HA9aje DTOH IIaBH, HA CAMOM Jejle SICHO, 9TO 9TOT BEK-
top Oymer pasHHM B 3aBHCHMOCTH OT BH(OOpDA CHCTEMH OTCYETa,
B KOTOPON MH oOILpefelseM CKOpocth s3apsgos. Ho M mmuero He
CKasaj@d O TOM, Kakas j;Ke CHCTeMa IOAXONWT AJIsl OIpeleNeHUsd
MATHUTHOTO MOJIA.

OxasmBaercd, 4TO TORUTCA «/06ai WHEPIHATbHAS CHCTEMA.
Mu yBumpuM TaKyKe, YTO MATHETHSM M DJIEKTPHIECTBO — HE HE3a-
BHCHMEIE BeIIH, OHM Beerma AOJKHH OHTH B3ATH B COBOKYIMHOCTH
KaK 00H0 IONHOe BIEKTPOMATHHTHOE Toje. XOTA B CTATHIECKOM
ciydae ypasHeHHms Makcsemsia pasfelsiioTes Ha [[Be OTHedbHHE
mapel: OfHA mapa AJs DIIEeKTPHIECTBA W OfHA 1A MarHerWsMa, 0es
BUAAMON CBAZH MEIY o0OMMY NONSMHE, TeM He MeHee B CaMoOil
OpUPOJie CYIeCTByeT OdeHb INyOOKas B3AaHMOCBA3b MEKIY HUMH,
BOBHUKAWINAA M3 NpEHNUNa ormocurexsHoctd. HMceropudeckn
UPHHIUI OTHOCHTENBHOCTH OB OTKPHIT Hociae ypamHenmi Max-
cBenna. B geficrBurenbHOCTH 3K MMEHHO M3VIEGHUE DIEKTPUIECTRA
¥ MarHeTHsMa HOpmBelo JiHmTEHHA K OTKPHTHIO OPMHIOMOA OTHO-
carexproctn. Ho mocmorpmm, 9ro Haimle 3HAHWe NPUHIANA OTHO-
CUTEIBHOCTH NOACKAa;XeT HAaM O MATHUTHHX CHJIAX, €CIH Opeano-
JIO}KATH, 9TO OPUHIUO OTHOCHTEILHOCTH TNPHMEHMM (a B JeHCTBH-
TEIBHOCTH TAK OHO M €CTh) K 3IEKTPOMACHETH3MY.

HaBaiite mopgymaem, 4ro mpomsofifer ¢ OTpHIAaTEdbHHM 3apA-
JIOM, JBWKYIIMMCH CO CKODOCTBIO ¥, MAapajieJbHO IPOBOIOKE, HO
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D u 2. 18.10. Bsaumodelicmsue npogoroki ¢ mokoy U wacmuys ¢ aapidom g,
paccxampusaence ¢ Jeyx CUCmenar Koopounam.
a — 6 cucmeme S NOKOUMCR NP06oAOKA; 6 — € cucmeme S’ noxoumen 3apad.

Koropoit tewer Tok (fur. 13.10). Ilocrapaemcs pasobparbcs B
HPOUCX O[AINEM, MCIONb3Yd [BE CHCTEMBI OTCUeTa: OfHY, CBS3AH-
HYI0 C IPOBOJIOKOI, Kak Ha fur. 13.10, a, a Apyryo — c gacranei,
rax Ha ¢ur. 13.10, 6. Mu GyneM Ha3HBATEH HEPBYI0 CUCTEMY OTCUE-
ta §, a Bropywo S'.

B cucreme S Ha wacTuny siBHO fefictByer MarHurHAs cmna. Cmia
HAOpaBIEHA K HPOBOJOKE, II0ITOMY, €CIM 3apsaAy Hmdero He Me-
maer, ero TPAeKTOPHs 3aTHETCS B CTOPOHY mpowoxoku. Ho B cu-
creme S’ MarHUTHOH CWIH HA YacTHIY OHITH He MO;KeT, IOTOMY
9TO CKOPOCTL YACTHIE papHa HyXo. Ur0 jKe, CleloBaTEIbHO, OHA
Tak | Oyfier CrosaTh Ha Mecre? YBH/[UM JH MH B Da3HHX CHCTEMaX
paseme Bemu? IIpmHIUD OTHOCHTEIBHOCTH yTBEP:KAAeT, YTO B CH-
creme S’ M yBmMienu O TOKE, KAK 9acTHNAa OpPuUOAMKAETCA K
nposoioke. ME JOIKHN TONKITATHCA IOHATH, HOYEMY TAKO0€ MOIIO
6n1 mpomsoiTH.

Bepremcs k HamemMy aTOMHOMY OLHCAHUIO HPOBONOKH, MO KO-
TOpOo#l muer ToK. B OOHYHOM IpPOBOJHHKE, BpO[e Mefu, 3IeKTpPH-
YeCKHMe TOKU BOZHUKAIOT 3& CUOT [BUGKEHMH YaCTH OTPHNATENBHHX
DIEKTPOHOB (HASHBAEMHX 9JIEKTPOHAMH HPOBOAHMOCTH), TOTHA
KaK NOJMOKHETENbHEE AACPHEE 3aPsIsl U OCTAJIbHEIE DIIEKTPOHEL 0C~
TAOTCA 3AKPEIICHHHME BEYTPH Mareprana. [lycrs miorHOCTS 316K-
TPOHOB TPOBOJUMOCTH €CTh P_, & MX CKOPOCTb B CHCTeMe S €CTh V.
IlroTHOCTD HEMOMBIKEKX 3apPAMNOB B cuCTeMe S eCTh P, , UTO 0K~
HO OHTH PAaBHO P_ ¢ O0paTHHM 3HAKOM, IOTOMY 4TO Mni GepeM He-
BaPUKEHHYI0 OPOBOJIOKY. llodTOMYy BHe NPOBONOKH BIIEKTpUYE-
CKOT0 IOJA HET, H CIWia HAa IBIKYI(YIOCA YaCTUNY PaBHA IPOCTO

F=gv,xB.

Ucnonrays pesynprar, HalifenHani HaME B ypasnenwd (13.18)
Ajsi MATHATHOTO MONA HA PACCTOSHHH 7' OT OCH IPOBOJIOKH, MBI
3aKI0YaeM, 4YTO CHIa, [efCTBYOINAA HA dacTully, HampasjieHa
K IPOBOJIOKe H PAaBHA IO BeJHIMHE

1 2Igv
F=e—""2,
41‘600 14
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C nomompw ypasHerumit (13.4) m (13.5) Tox I momer OmTh 3a-
nucad Kak p +vA, TAe A — nIomALp DONSepPeYHOro CeueHHms IIpo-
Boxnokn. Torma

Fe o 200400 (13.20)
4riggc? r
Mu Moran 6H DPOROTKUTH PACCMOTPERME O0MIero caydas mpo-
W3BOJBHHX CKOpOCcTed ¥ M v,, HO HHYYTh He Xyyxe Oyder B3ATH
YaCTHHI ClOydail, KOrfa CKOPOCTh ¥, JACTHIH COBIAJae€T CO CKO-
pocThi0 ¥ 9IeKTPOHOB mpopopmMoctH. Ilosromy wMpr 3anmmem
v=v,, u ypasuenme (13.20) mpmobperer Buj

= 1 p+d (13.21)

T 2me, r o2

Tenepb o6paTHMCH K TOMY, 9TO IPOMCXOAUT B cucreme S', Tme
gacTuma HOKOWTCS M MHpPOBONOKA Oe;KUT MHEMO Hee (BIEBO HA
¢ur. 13.10, 6) co ckopocrhio v, [lonosuTenbHEE 3aPANH, IBIK YIS~
Cs BMeCTe ¢ IPOBONOKON, CO37aqyT OKONLO JACTUIH HEKOTOPOEe Mar-
nurHOe mone B'. Ho wactuma temeps nokoumcs, Tak 910 MazHUM-
Haa cWjla Ha Hee He fqeicrayer! Ecian v Bo3HuKaer Kakas-To cuita, TO
oda JOMKHA HOABUTBCA 3a CYET DIEKTPHYECKOro mHoJs. Baxo-
JAT, YTO ABICKYIAACA TPOBOJNOKA CO3JAET JIEKTPUYECKOe TOIe.
Ho ona momer 910 cfeirars, TOJIBKO €CIH OHA KayKETCH 3apAXNCEH-
}0il; MOMKHO NOAYYAThCA TaK, 9T00H HeHTpadlbHAA MNPOBONOKA
¢ TOKOM Kazajach 3apsyKEHHOH, eCiId €e NPUBECTH B [BIKCHHE.

Hyxueo B sromM pasobparbcsa. llonpofyeM BeUMCAMTH IUIOT-
HOCTH 3apPAM0B B OPOBOJOKE B cucTeMe S', HOAB3YACH TEM, YTO M
aHaeM o Heidl B cucreme S. Ha mepsmiit B3ristn MOsKEO ObI0 O mO-
AyMarTh, 970 I OTHOCTH OSHHAKOBH, HO M3 I1. 15 (Bem. 2) Mu 3HaeM,
4T0 OpU LepeXxofe OT OFHON CHCTeMH K [pPyTo#l NJIMAN MEHAIOTCA,
CILe0BATENBHO, 00BeME TaKxe usMeHsATCa. IlockOnBRY neommocmu
3apaj0B 3aBHCSAT OT 00BeMa, 3AHMMAeMOro 3apsIaMu, IIOTHOCTH
Oynyr TaKsKe MEHATBCH.

llpesae 4em omnpemeamTs WIOTHOCTH 3apsAA0B B cucTeme S,
HY;KHO 3HaTh, 9TO HPOUCXOANT € DAEKTPUIECKUM 3apAJ0oM TPYIIK
QIEKTPOHOB, KOIA 3apAAN ABMKYTCH. Mbl sHaeM, 9To Kamymasica
Macca gacTums mproGperaer Muoskurens 1/ 1—v?/c?, Ilponcxomur
au yro-umbympb mono6Hoe ¢ ee sapsagoMm? Her! 3apadw nurorga
He MeHANOMmMcs HE3ABHCHMO OT TOTO, ABWKYTCA AWM OHM WMIH HeT.
MNuave Mar e Mornu Ob1 HaGa0aTh HA OMBITe COXPAHEHHE MOJHOTO
sapsya.

BospmeMm KycOR BeImecTBa, HampuMep IIPOBOLHMKA, W IYCTh
OH BHauale HedapsiieH. Temepb narpeem ero. Ilockoabky macca
SIEKTPOHOB MHAs, I6M y UPOTOHOB, CKOPOCTH HAEKTPOHOB M LPO-
TOHOB M3MEHATCsH no-pasHoMy. Ecam 6n 3apspy gactrus 3aBECEN OT
CKOPOCTH YaCTHIBI, KOTOPas er0 mepeHOCHT, TO B HAIrPETOM KYCKe
BapPAAH DIEKTPOHOB B IPOTOHOB He ORUM OH CKOMIIEHCHPOBAHEL
Hycox marepmania mpu HarpeBaHmy CTAHOBIJICA OBl 3apPsyKeHHLIM.

268



= Tinoiyade A 1
¢ v=0 1Y > ouiads A

@ u e 18.11. Ecau pacnpedesenie sapascenibs nacmuy uMeem niomHocms
8apados Py, MO ¢ MOUKU 3PEHUA CUCEMBL, OsUNCywelica ¢ omHocumeavHoil

CEOPOCIMEI0 V, NA0MHocMb eapados 6ydem pasna P=py/ YV i—7/&,

Mu Bujenm paHbile, UTO OYeHb Majloe U3MEHEHHE 3aPAJA Y Kas-
JIOTO W3 3JIEKTPOHOB B KYyCKe IPHBEIO O K OTPOMHHM 3JIeRKTpHde-
ckuM noxsaMm. Humvero mogo0Horo HUKOrga He HAGIOHATIOCH.

Hpome Toro, MOAHO 3aMeTHTB, UTO CPEIHASL CKOPOCTDH 3IMEKTPO-
HOB B BeIeCTBE 3aBHCUT OT €ro XMMHUYECKOTO cocrasa. Ecim 6m
3apsAf DIEKTPOHA MEHAJICA CO CKOPOCTBIO, CyMMapHHI 3apsap B
KYCKe BelecTBa HM3MEHMANcA OH B XOe XHMHYECKOH peaKkmmu.
Kax 7 pansile, mpsMoOe BREITUCIEHNE IOKA3KBAET, UTO Jlaske COBCEM
Majgas 3aBHCHMOCTH 3apsifla OT CKOPOCTH mpuBeaa 6H B mpocreii-
MUX XMMHUIECKUX PEaKRNnuAX K OTPOMHBIM moiam. Hwuaero moxo-
7Kero He HabII0falIoch, U ME ODPUXOAUM K BEIBOIY, 9TO DIEKTPHYIE~
CKHUH 3apAf OTHeJbHOHU YaCTHIHI He 3ABHCHUT OT COCTOSHH IBHKe-
HUS WX TOKOA.

Urar, sapsajg 9acTulil ¢ €Crh MHBAPHAHTHAS CKAJXAPHAA BeIH-
Y@HA, HEe BaBHCAMAA OT CHCTEMH OTcYera. JTO 03HAdaer, 4TO0 B
a1060H cucrTeMe MIOTHOCTh 3apAf0B Yy HEKOTOPOrO pacmpenedeHus
9IERTPOHOB HPOCTO HPONOPHHMOHAJLHA UHCIY SJIeKTPOHOB B eRH-
aune obbema. HaMm HyHO TonbKo ydecth TOT (akr, 4TO 00BeM
MOJKCem MEHATHCS M3-3a PEIATHBACTCKOT O COKPALIEHNS PacCTOAHMIM.

Mpumennm Tenepd 3TH mAem K Hamteil IBMRYINEHCH MPOBOIOKE.
Ecnm B3ATh OpoBONOKY miamHOH L, B KOTOPOH ILIOTHOCTD Heunoa-
6UICHBLT 3ADANIOB ©CTh 0y, TO B Hell Gyaer COReP/KATHCSH MONHBIM 3a-
pan Q=p,Ly4,. Ecam e jke 3apaAns ABMWKYTCA B APYroil CHCTEMO
€O CKOpOCTBIO ¥, TO OHM BCe OyIyT HaXOZUTHCA B KyCKe MarepHania

MeHbWell IIRHB
L=1L, ]/1_?:, (13.22)

HO TOTO 7k Cedenna A,, MOCKOIbKY pasMeps B HAIpABICHWH, Hep-
MeHJEKYAAPHOM [BWHeHmo0, He Memmiores (fur. 13.11).

Ecam uepes p 0603Hauurh ILTOTHOCTL 3apALOB B CHCTeMe, /O
oHE MBWXYyTCH, TO monEm 3apan Q 6ymer pLA, Ho pTO ROLKHO
Gurb Tarke pasuo p,L,4, moromy uro sapsig B moGod cmCTeMo
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OfIHHAKOB, ciaefoBaTenbHo, pL=p.L,, mim ¢ momompio (13.22)

1/1—?%

Ilaomuocme 3apAMOB ABMRYIEHCT CO80KYnHocmu 3apAJOB MEHs-
€TCA TARWM jKe 00pasoM, KaK M PEIATHBHCTCKAA MACCa YACTHIHL.

IlpumenuM Temeps HTOT Pe3ynAbTAT K IIIOTHOCTH MONX O/RUTEI BHBIX
3apAf0B O, B Haleil OPOBONOKe. JTH 3aPAAH TOKOATCA B CHCTE-
e S. Ogeaxo B cucreme S’, rIe MPOBONOKA ABMKETCSA CO CKOPOCTHIO
v, IJIOTHOCTH IOJORUTENBHEIX 3aPALOB CTAHOBUTCA PAaBHOI

P = — e (13.24)
1/1 —z

Ompuuameﬂbnbze sapAgn B cucreMe S’ MOKOATCSA, MOITOMY HX
IIOTHOCTH B DOl CHCTeMe eCTh (IIOTHOCTH TOKOA» Pg. B ypapme-

aun (13.23) pp=p_, IOTOMY 9TO HX ILTOTHOCTH BaPAZOB PaBHA o_,
€CIH nP0800Ka TMOKOUTCHA, T. €. B cucTeMe S, rjie CKOPOCTb OTpPH-
TaTeNbHHX 3apAfoB pasHa v. Torga 1A 3IeKTPOHOB HPOBOAUMOCTH
MEL IIOJIY9aeM

I
Vit
T=p_ ]/1 —— (13.26)

Tenepps ME MosKeM IOHATH, HOYeMY B cucTeMe S’ BOZHHKAWOT
DIIEKT PUICCKHE TOJHA: IOTOMY YTO B 9TOH CHCTeMe B IPOBOJOKE
WMeeTCH pPe3yabTHpYmAs ILIOTHOCTh B3apANOEB ', AaBaeMmad
dopmymoit

(13.25)

nnn

p'=p, +p..
C momompw (13.24) m (13.26) nmeem
r__ P+
Ve
c?
ITockoiabKy TOKOAMmAsCs HPOBOJOKA HeHTpanbHA, P_= —0p,,

WOIYydaeM

o=, L, (13.27)
1/1—3

Hama pemxymasca NnpoBOoJOKA BapsykeHA HOJOKHTEABLHO I
JoiKHA co3famsaTh mode K’ B TouKe, IAe HaXOZUTCS BHEMIHAA IMO-
KOAMAasica yacTuna. Mbl yrke pemaid BaeKTPOoCTaTAIeCKYIo 3a1aqy
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o0 OMHOPOAHO 3apPsIKEHHOM IWAHHApDe. OIEeKTPHYECKOe [Oje Ha
PacCToAHMM F OT OCH HEIAHIPA ecTh

\_PA_ pede
R — (13.28)
231:807' 1. -—?2

Cuna, meficTBYOMAs HA OTPHIATEABHO 3aPSyKEHHYI 9aCTHNY, Ha-
npaBleHa K HpoBoioKe, Mbl MMeeM CHIY, HAODaBJAEHHYO OfHHA-
KOBO B O0EHMX cHCTeMax; DIeKTpUYECKas cmia B cmcreme S Ha-
OpaBjieHa TaK ie, KAK MarHHTHAs CHiIa B cucreMe S.

Beawumna canel B cucreme S’ pasHa

g psd ot
Fre i a2 = - (13.29)
1/1“;5

CpasHmBas 3ToT peayabTar st F' ¢ mammMm pesyiabraroMm fns F
B ypasHennd (13.21), Msl BHAuM, 9TO BeJIHIUHE CHJI C TOIKH 3pe-
HHA OBYX HaDmiomareneil mouTu OaMHAKOBH. ToTHee,

P
v
1/1"‘25

TMOSTOMY /I MAJHX CKOpPOCTEH, KOTOpHE MH paccMaTpuBaeM, o0e
cuasl OJMHAKOBH. MBI MOxeM CKaszaTh, UTO IO MEHbINE Mepe mis
MaJIbIX CKOPOCTEH MarHeTW3M W HIEKTPHYeCTBO CYTh HPOCTO «/IBE
pPasHHeEe CTOPOHEL OJHOH W TOI Ke Bemm».

Ho oxasmiBaercst, uro Bce oOcromr Jayke ellle Jydme, 4YeM
MH cKasaan. Ecim OpaHATh BO BHUMAaHME TOT (aKT, 9TO0 CUJbL
TaisKe mpeobpasyoTesa MpH lepexoie OT OSHOH CHCTeMH K APYTroH,
TO OKajykercd, 410 o0a cmocoba HAONOIEHWA 324 IPOUCX OJAIINM
JAl0T HAa CAaMOM Jiee OMMHAKOBHE fuauieckue PesyanbTaThl OpH J1I0-
60it cKopocTH.

Yrobu 3T0 yBUETH, MO;KHO, HAIIpUMep, 3ajaTh BOHOPOC: Ka-
KOl momepeuHHil UMIyIbC IPHOOPeTeT TACTHALA, HA KOTOPYIO B Tede-
HE€ HEKOTOPOro BpeMeHH feficreosana cuiaa? Mu sHaem m3 o, 2,
ra. 16, 9ro momepedHHl AMOYAbC YACTHUH NOJKEH OHITHL OfMH X
TOT K€ Kak B cucreme §, Taxk U B cucreMe.S’. OGo3HaINM moneped-
HYI0 KOOpAXHaTY § B cpasuuM Ap, u Ap . Vcnonpsys pensTuBHCT-
CKE mpaBmibHoe ypasHeHHe Bkenumi F=dp/dt, Mu omugaem,
4910 3a Bpemsi At Hama wacTuna OpuMofperer MONePETHHIT MMIYIAbC
Ap, B cmcreMe S, NaBaeMHil BHpPaKEHHEM

Ap,=FAt. (13.31)

(13.30)

B cucreme S’ nomepeuymnii mMmmyiawsc Gyfmer paBeH
Ap; =F'At'. (13.32)
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Due 13.12. B cucmeme S naom-
HOCMb 3apA00& ecmb HYAb, G NAOM-
Hocmd moxa pasia j. Ecmb moavko
MmazHumuoe nose. B cucmeme S’
naomHOCMb 6‘apﬂ506 pasna p’, a
naomnocmy moka  §. Masnumnoe
noae sdecv paso B’ u eywecmeyem
anekmpuueckoe nose E'.

Mz pommunt cpasEmBate Ap, n Apy,
KOHEUHO, 1A COOTBETCTBYIONIUX MHTE -
Bamos Bpemenm Af m At’. B ra. 15
(BHn. 2) ME BHIEIN, YTO HMHTEPBAIH
BPEMEHY, OTHOCSIMECH K [BWKYINEHCH
qacTune, KaRyTCA OAuHHee HHTEDBA-
JIOB B cHCTeMe HOKOsa dacTmmsl. llo-
F CKONBKY HAIIA 4aCTUIA HEePBOHAYATb-
HO OmIa B HDOKOe B cucreMe S',
MH OKHIaeM, YTO IJsI Mainnx At

A’

Vs

u Bce monydaercs Benukosenuo. Cormacuo (13.31) m (13.32),

(13.33)

Apiv F'Av
Apy FAt

u ecam crombGmumposars (13.30) m (13.33), To a3rO0 OTHOmMEHME
PABHO eJMHAIE.

Bor m BHXOAUT, 9YTO MBI MOJYyTaeM OfMH W TOT yKe pea3ynbrar,
He3aBHCHMO OT TOTO, AHAJAWBMPYeM JH MH JABMKEHUe Jeramnie
PALOM ¢ HPOBONOKOH WAaCTHIB B CHCTEME NOKOA IIPOBOJIOKH UAH
B CHCTeMeé IOKOf dYacTHIs. B mepBoM ciaydae cmia Owlra 9HCTO
(MarguTHO#», BO BTOPOM — 9HCTO «dIeKTpHieckoit». Ofa cmocoba
pabalonenna Dokasame Ha ¢ur. 13.12 (xors BO BTOpOIl cmcTeme
ele ecth W MAarHHTHOe mojiie B’', OHO He BO3EeICTBYeT HA HENOA-
BIDKHYI0 9ACTHIY).

Ecau 6m Mu BeOpanm emme ogHy CHCTEMY noopp;miar, Mul G5l
gamym Herylo Apyryio cMech moieid E m B. dunexrpmueckme m
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MarB@THHEIE CHIH COCTABIAIOT YACTH 00H020 PUIMIECKOTO ABICHUS —
BIEKTPOMATHUTHOT0 B3aFMOJEHCTBHA FacTHI. Pasferenue sroro
B3aMMOJIEHCTBHA HA IGKTPAIECKYIO ¥ MATHUTHYIO YaCTH B GOMBINONH
CTENEeHN 3aBHCHUT OT CHCTEMBI OTCYeTAa, B KOTOPOH MH ONUNCHBACM
BzauMmojeiicrsue. Ho momHoe dreKTpOMArHHTHOE ONHCAHWeE  MHBA-
PUAHTHO; YJASKTPUYECTBO M MAarHeTus3M, BMECTe B3sTHe, COIa-
CyIOTCA ¢ NPUHIMIOM OTHOCHTEIBHOCTH, OTKPHTHM OiHmTeli-
HOM.

Pas snexrTpuuecKue ¥ MAarHMTHEE IQJXsA IOABISIOTCS B PA3HHIX
COOTHOIIEHNAX HPH HU3MEHOHWHM CHCTeMH OTCYeTa, MHEl TOJKHEL
IPOABIATH OCTOPO;KHOCTH B oGpamenun ¢ moasvd E u B. Ecuau,
HapEMEP, MH roBopuM O «Imamsax» E mam B, To He Hy:KHO mpe-
yBeIWINBATE PeaNpbHOCTh MX CYMeCTBOBAHWA. JIMHWM MOryT HC-
Ye3HYTH, €CIH MK 3aXO0TUM YBHIETh WX B APYIOil cumcTeMe KOODAH-~
Hat. Hanpumep, B cucreme S’ HMEIOTCA IHHHE JIEKTPHYECKOTO
HOJA, OJHARO MBI He 8uduM UX (ABWHYIIUMHUCA MHMO HAC CO CKO-
pPOcThIO V B cucreMe S». B cucreme S TMHUA 3MEKTPHIECKOrO OIS
Her BooOme! Ilosromy GeccMEICIEHHO TOBOPHTH WI0-HUOGYIL BpOHe:
«Horga a pBuram MarHWT, OH HECeT CBOE Ioje ¢ co(oi, mOsTOMY
nuHAN moas B Tome gsmmytcsa». Her HumKakoro cmocofa cuexarb
BOOOIIE OCMBICAEHHHEM HOHATHE O «CKOPOCTH ABIKYINUXCA JHHEI
OIS,

Hona cyrp cnoco6 ommcanmmst TOro, 4rd HPOHCXOLUT B HEKO-
Topoil Touke mpocrpaHcrsa. B "acrHocTH, E m B roBopar Ham
0 cmiax, KOropHe OyAyT HelcTBOBATH HA ABW/RYINYIOCA YaCTHIY.
Boupoc «uemy paBma cmia, HefiCTBYIOmAa Ha 3apAj €O CTOPOHH
dsuscyueeocs MAaTHUTHOrO HONAT» HE MMEET CKOJNBKO-HHOYAbL TOU-
Horo comep:xannA. Cmna gaercsa seaqwandamu E m B B roure za-
paga, u Gopmyna (13.1) me mamemurcs, ecau ucmounuk noaeilt E
pnu B pgBmkercAa (mBMeHATCS B pe3yJabrare JBIKeHUs KaK pas
suazeHusas E m B). Hame mareMarmdeckoe ommcamme OTHOCHTCH
TOABKO K HOJAAM Kak QYyHROUAM Z, Y, 2 U !, B3ATHIM 8 HeKOMOPOU
UHEPYUAILHOTL cucmeme omcuema.

HosnHee mu GygeM roBOPMTH O «804He DIGKTPHIECKOTO M Mar-
HUTHOTO IOJel, pacOpOCTPAHANMEHCS B IPOCTPAHCTBE», HANDH-
Mep o cBerosoit BonHe. Ho 310 BCe paBHO, 94r0 TOBODUTL O 60.He,
Gerymeit mo pepesxe. MM mpu T0M He MMeeM B BHUAY, YTO KaKas-
HUOY/b UacTh 6epeski NBIIKETCSI B HANpPABIeHMM BOJHE, a IOfApa-
3yMeBaeM, YTO CMeUjeHUe BEPEBKU LOABIAETCA CHAUala B OTHOM
Mecre, a 3areM B JAPYyroM. AHAQIOrHYHO JJs BIEKTPOMATHHUTHON
BOJHH ~- CaMa 60414 PACIPOCTPAHACTCS, & BEIMIMHA TONEH Uame-
Haemcs.

Tax uro B 6ygymem, Korfa MH — WIH KTO-HHOYAbL emge —
OymeM TOBODHTL O (IBIFKYIIEMCA» II0Je, BH JOJKHEI IOHMMATh,
9TO Peys HMAET MPOCTO O KOPOTKOM M yAo0HOM cmocole ommcanus
M3MEHAIOMWErocd IOJAA B OnpejgeleHHHBX YCIOBHAX. ‘
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§ 7. IIpeobpasosarnue moroe w aapndos

Bri, BepoaTHO, Geuim 0GeCHOKOEHH CAEJAHHHIM HAaMH YHpPOIIe-
HMeM, KOIJa MBI B3fAJH OJHY M TY Ke CKODPOCTh V IA UYACTHIH
M 3IeKTPOHOB MPOBOJAMOCTH B mpoBOioKe. MokuO Grumo Gbi Bep-
HYThCS Hasajy M CHOBA HPOJeJaTh aHAIN3 C JABYMA PasHBIMH CKO-
POCTSIME, HO Jerde HPOCTO 3aMETHTh, UTO INIOTHOCTH 3apA/ia I TOKA
ABIATCA KOMIIOHEHTAMH YeTHIPeXBeKropa (cM. Bmu. 2, ra. 17).

Mu Bufenu ysxe, 9410 €CIH P, €CTh HJIOTHOCTH 3aPAKOB B HX
cHCTEME MOKOA, TO B CHCTeMe, THe OHH HMeIT CKOPOCTh V,
IUTOTHOCTH paBHA

B 3TOH cHcTeMe WX HJOTHOCTHh TOKA €CcThb
. \'s
j=pv=—"oC . (13.34%)
7} -
V%

Hamee, MB 3HaeM, 910 sHeprua U m MMIYJIbC 9aCTHIH P,
IBIKYIIEicA CO CKOPOCTBIO V, HAIOTCA BHPAYKEHHAMI

U= myc? mov

2 p= P

rge m,—ee Macca moxkosa. Mer smaeM rtakske, aro U um p oGpa-
3YIOT DeIATHBUCTCKMI deTHpexBeKTop. Ilockoabry p u j zaBm-
CAT OT CKOPOCTH V B TOUHOCTH, Kak U U P, TO MOKHO 3aKi0-
9ATh, YTO0 O U j MaKye KOMOOHEHTH pejiTHBHCTCKOIO YeTH-
pexBeKTOopa. ITO CBOMCTBO €CTh KW K 00meMy aHaausy Lo
OPOBOJIOKH, ABIIKYmeicsa ¢ 000l CKOPOCTBIO, ¥ MH MOTIA GH
€T0 HCIOJB30BATH, 6CiHH OH 3aX0Tej PEHMThL CHOBA 3a7a4y cO
CKOPOCTBI0 HacCTHIH V,, He DaBHOH CKOPOCTH BJIEKTPOHOB IIPO-
BOHMMOCTH.

Ecam maM HyXHO TepeBecTH p U j B cUCTEMY KOOD/AHAT,
IBIGKYMYIOCA €O CKOPOCTHIO & B HANPaBIeHHHW I, TO MHI 3HAEM,
4TO OHH HPeo0pasyloTcsa B TOYHOCTH Kak ¢ W (z, Y, 2); IO3TOMY
ME HMeeM {cM. BHU. 2, Tad. 15)

r—ut Jo—up

SC = ’

l/i S ]/1—— (13.35)
y =Y,
Z’=Z, j;zlz'l

_t—uz/c? P—ufye?

Ve TV
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C HOMOIBI0 3THX yPABHEHHE MOMHO CBSI3AaTh BAPAAH M TOKH
B Of[HOM CHCTeMe C 3apALAMHM M TOKAMHU B Apyroii. Baas szapagu m
TOKH B KaKOH-TO CHCTeMe, MOMKHO PEIINTh 3IeKTPOMATEETHYIO
8ajlagty B 370l cmcTeMe, TOIb3YsACH ypaBHeHHAMH Maxcaeiia.
Pesynbrar, KOTOpWil MBI HOXYYMM Oas Ouscenus wacmuy, Gymer
OJHEM W TeM jKe, He3aBMCHMO OT BHOPAaHHOI CHCTeMH OTCHera.
ITossxe MBI BepHEMCA K PENATHBHCTCKUM HIPEOOGPA3OBAHMAM DJIeK-
TPOMArHATHHX DoJieil.

§ 8. Cynepnozuyus; npasuao npaeoii pyru

Msl 3akoEYEM 3Ty IVIaBY ellle ABYMA 3aMEUAHUAMH TIO BOIPO-
caM MarHurocratuku. llepsoe: Hamm OCHOBHHIE YypaBHeHHA mJis
MATHHUTHOTO OIS

V.B=0, VxB=-l
c2g,

auHefiHE mo B m j. Jro o3HaYaer, UT0 HPHMHNNI CYUePIO3HINN
(HasTOMieHnA) mpmiIokAM W K MarHutHomy noawo. Ilore, cosmasa-
eMoe IBYMs PAa3HHEMY HOCTOSHHEIMH TOKaMH, eCTb CyMMa cOGCTBeH-
HBIX @OJiell OT KayKAO0r0 TOKa, IeHCTBYIOHIETO IO OTAEALHOCTH.
Hame BrOnOe 3aMeuaEme OTHOCHTCS K IIPABHJIAM IPAaBON pyKH,
¢ KOTODHMH MH Ve CTAJKHBAAHNCEH (IPABWIO HPABON PYKH s
MATHUTHOTO IIOJNA. CO3aBAEMOro TOKOM). MEl yKasmBaium Tawike,
YT0 HAMATHHYHBAHME KEJIe3HOI0 MaruuTa O0BACHIETCA BpalleHUeM
DIIeKTPOHOB B Marepuasie. HampasieHme MareEmTHOTO HOJNA Bpa-
MAINerocsT DIeKTPOHA CBJA3AHO C OCHI0 €0 BPAINeHHA TeM JKe
cameiv npasmwioM upasoit pyku. Ilockosnsky B ompemensercsa
ODABUJIOM CHpPelIeTeHHOI pPyKu (C DOMOMbBI0 JuOO0 BEKTOPHOTO
mpousBefieHNHsA, AMOO POTOPA), OH HA3HIBACTCH AKCUALbHBLM BEK-
topoM. (BeKrTopel, HanpaBieHHe KOTOPHX B HPOCTPaHCTBE He 3a-
BHCHT OT CCBHUIOK HA JEBYI0 MIHM IIPABYI0 PYKY, HABHBAWOTCA no-
aapruuimu BexkTopamm. Hampumep, cMmelieHme, CKOpPOCTH, CHIA T
E — monapusie BEKTOpH.)

Quauuecku Habaodaemvie BEIWIMHEL B 3IeKTPOMAaTHETH3Me,
OfTHAKO, He C6A3aHH ¢ TpPaBoit unu xeBold pyroil. W3 r. 52 (sem. 4)
MBI 3HAEM, MTO DIEKTPOMATHUTHHE B3aHMOJEHiCTBHA CHMMETDHYHEL
MO OTHOUMIEHHI0 K OTpaykeEMio. 1lpym BEIYMCICHMH MarHUTHHX CHJI
MeyKAy AByMa HaGopaMM TOKOB Pe3yJbTar BCerja MHBAPHAHTEH WO
OTHOLIGHHI0 K HepeMeHe pyk. Hamm ypaBHeHHda, HE3aBHCUMO OT
VCIOBHUsi IPaBOil pPYKH, HPHBORAT K KOHCUHOMY peayabrary,
9T0 TaPaIeN>HbIe TOKM HPUTATEBAIOTCA, a MPOTHBOIOIOKHEE —
orranruBaorcs. (Ilonpofyiite BHAUCIUTD CHIIY G HOMOMIBIO «IIpa-
BUna neBoi pykm».) llpuraxenme mim OTTAIKMBAHME €CTh MOJAP-
HHit Bexrop. Tak monywaerca mMOTOMY, 9TO IPH ONMCAHHE JII0GOTO
TIOIHOTO B3AMMOJEHCTBHA MHl HOAb3yeMCA OPABHIOM MPABOHE PYKH
JBAaKABI — ORHH pas, urofm Halitm B H3 TOKOB, a 3aTeM, qTO0H
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HajiTH cmiy, OKasWBaeMylo moneM B Ha BTOpoil TOK. liBa pasa
MONb30BaThCsL NPABAIOM IPaBoil PyKHM — BCe PAaBHO YTO [Ba pasa’
MOIb30BATECA IPABHIOM JeBoi pyku. Kcam OH MBI yCaOBHINCH
mepeiiT® K cHCTeMe JeBOil PyRM, Bce Hamk Ioaa B mamenunm Gu
3HAaK, HO BCE CHJIHN WM (YT0, MOKANYil, HATIsIAHEE) HAGIIOZAEMEe
yckopenusd OOBERTOB He M3MEHHIMCH OHL.

Xorg (HEBNKM HEJaBHO, K CBOEMY Y/IHBIEHHIO, OOHAPY/KUIH,
9T0 He 6ce BAKOHHL IIPUPOME BCErJa WHBAPHMAHTHEL IO OTHONICHWIO
K 3CDKaJbHBIM OTPayKEHHsM, TeM He MEHee BaKOHBI DJISKTDOMAar-
HernsMa 06jamaoT 3To¥ ¢yHIaMeHTAIbHON CHMMETpPHeIi.



Trasa 14

MATHUTHOE IIOJIE B PA3HBIX CIYYAAX

§ 1. Bexmopnutii nomenyuaa

B or0if rmaBe MH mPOMOMKEM PA3TOBOP O
MArHATOCTATHKE, T. €. O IIOCTOAHHHX MAaTHHTHEIX
molfAX A HOCTOAHHEIX TOKax. MarmutHoe Hoie M
BIGKTpPAUECKNe TOKN CBA3AHH HANIMMHU OCHOBHEIMH

YPaRHCHUAMHU:
V.B=0, (14.1)
VxB=1 . (14.2)
€

Ha »ror pas HaM HYKHO peIIUTEL TH ypaBHe-
HUS MAaTeMaTWdeCKH CAMBIM 06ujuM 06pasom, a He
CCHIIATBhCH HA KaKyo-HUOYOB 0COGYI0O CHMMETPHIO
WK HA WHTYHUUIO. B saerrTpocraTHie ME HAILIX
OpAMOA €Imoco0 BHYWCIEHHS NOJA, KOLJA W3-
BECTHEI IOJOKEHHAS BCEX IMEKTPHYECKUX 3aPAMOB:
CKAIAPDHHI MOTeHOUAJ ¢ [aerca HPOCTO UHTe-
rpaioM MmO 3apAfaM, Kak B ypaBHeHHH (4.25)
Ha crp. 77. Ecaum zarem HY;KHO BHATh BJIEKTpH-
yecKoe HOJe, TO ero moaydanT Auddepernupona-
amem ¢. MBI mokaskem ceifgac, 9T0 JJIsi HaXOmjIe-
Hust moust B cyumiecTByer aHaNOrHYHASA UPONENy-
pa, €CJM U3BECTHA IUIOTHOCTH TOKA j BCEX NBIIKY-
UHXCST 3apATOB.

B smexrpocrarmke, Kak MH BHAeIn (u3-3a
toro, 910 rot or E Besme paBeH Hyn), Bcerga
MOMKHO Ipefctasurh E B Bume rpagueHra or cKa-
nspaOTO moas ¢. A Bor rot or B e se30e pamen
HYII0, IO9TOMY IPEJICTABATH €I'0 B BUAe TPajlHeHTa,
Boo0Ime roBopsi, HepoaMOkHO. OmHAKO Ousepzew-
yus B Besge paBHA HYJII0, a HTO 3HAUMT, UTO MH
MOJKEM HpecTaBATh B B BHAEe pomopa OT Npyroro
BeKTopHOro mosia. V6o, kxak MH Buienm B Ia. 2,
§ 8, AuBepreHmud poOTOpa BCErNa pPaBHA HYIO.
CiefoBareIbHO, MH BCErfa MOKEM BHpasutb B
gepe3 mode, KOTOpoe MH 0Go3Haumm A:

B=yxA. (14.3)

§1.BekTopubrii
HoTeHHNnaa

§2.BexTopumiii
NOTeHUHAT
3aJAHHDBIX TOKOR

§3.Hpamoii nponoy

§4. umuptit conenong

§5.Hoxe magensroii
HeTAN; MAaCHUTHbBI

AANOAb

$6. BexropHbtii
NOTeHIHAA [{CIIH

§7.3aron
buo—Casapa
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Nau, pacomcmBasg KOMDOHEHTH:

04, 04,
Be=(VXA)e=5-—%3>

04, 04

8Ay 0A,
B,= (VXA)zzT')I_—"W"

3ammcr B=y XA rapanrmpyer BmmonHenne (14.1), moromy uro
00s13aTeIBHO
v-B=v (vxA4)=0.

Ilone A HasmHBaeTCA GEKMOPHHIM NOMEHYUALOM.

BenoMuuM, 9TO CKAJAPHBII IOTEHHWANX ¢ OKA3HBaeTCs He
HOMHOCTBIO OlpefesieHHHNM. Kcam ME Hamim AJs HeKOTOPO# 3aja-
YH DOTEHIUAN (, TO BCETJA MOKHO HAHTH CTONB e XOpomwuit apy-
roif moreHmuanx ¢, M06ABWB IOCTOSHHYIO:

¢ =0+C.

Hopmit moteHmman ¢’ maer Te jKe dJIeKTPUYECKHE HOJs, HOTOMY
uro rpagmeHr yC €CTh HYJIb; @' H ¢ OTBEUAIOT OIHOH M TOIi iKe
KapruHe.

Touno Tak e y HAC MOKeT OHTH HECKONBKO BEKTOPHBIX IO~
TEHIMAJA0B A, OPUBOAAMMX K OJHUM W TeM jKe MATHATHHM IOJAM.
Onare-TakH, HocKoabKy B morydaercs us A gudpdepennuposanme,
TO mpubasienne K A KOHCTAHTH He MeHaeT ¢usnukn fena. Ho gua A
cBoOofa Gonbime. Mer MoxeM mobaButh K A n1060e mose, KOTOpoOe
eCTb TpajueHT OT HEKOTOPOr0 CKAISPHOTO HOis, He MEHAA HpPH
aToM (H3MKHU. JTO MOKHO HOKasarb caefyiomuM obpasom. Ilycrn
y Hac ecThb A, KOTOPOe B KaKOI-TO PeaJbHOIl 3a/lade JaeT mpaBUiIb-
Hoe mone B. CopammuBaercd, IPH KAKUX YCIOBHAX APYroil BeK-
TOpHHE morenmman A’, Oynyuu mopcrasier B (14.3), maer mo ace
camoe mone B. 3maumr, A m A’ mMeroT OIMHAKOBHI poTOP

B=VxA'=VXxA.
Hosromy
VXA —VXA=VX(A"—A)=0.
Ho ecnu porop BekToOpa ecrtb Hydb, TO BEKTOP MOJKEH OHTH Tpa-
AUEHTOM HEKOTODOro CHAaJXsAPHOrO HOJsL, CHa)KeM ’l]), TaR 4YTO

A'—A=vyYy. Iro o3HaTaer, 410 ecau A ecTb BEKTOPHHI IIOTEH-
nuay, OrBeUaAlOMmMi MaHHOH 3amaue, TO UpPH T0GOM )

A =A+yy (14.5)

TarsKke OyIeT BEKTOPHHM NOTeHOUANIOM, B OJUHAKOBOH CTemeHud
YAOBIETBODAIIMM JAHHOH 3ajfade H DOPHABOJAIEM K TOMY JKe
moiio B.
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OGuuno 6mBaeT yAO0HO yMEHBIINTH «CBOGOAY» A, HaKIaHmBasm
Ha HEro MpPOM3BOJIHHO HEKOTOPOe APYTOe yCIOBHe (IOYTH TAKHM jKe
ofpazoM MH CYHTANM YAOGHHM — JOBOJIBHO YacTO — BHOGHPaTh
NOTeHIUAN ¢ PABHKM HYJIO HA GONBINAX paccToaHMAX). M MOskeM,
HapuMep, OTPAHKYATH A, HAJOUE Ba HETO TAKOe yCIOBHe, ITO0H
auseprennus A uemy-mu6yns paBusmachk. Mer Bcerma MomeM 3TO
cnenarth, He sagenas B. Tak moayuaerca moromy, 4ro, xora A’ m A
VMEIT ONMHAKOBHLIL POTOP W JalT OJHO U TO ke B, oHEM BOBCe HO
00s13aHBL  WMeTh OJMHAKOBY0 jmmBepreHuumo. B camom fexe,
V.A" = V.A-+V2y, u, mogbupass COOTBETCTBYIOWEe 1P, MOKHO
npugarh V-A' nwoboe sHadeHHe.

Yemy caegyer npupasHars yv-A? Bufop mommern obecnednth
HamGobIlee MaTeMaTHYeCKOe YA0GCTBO M 3apmcdT OT Hamiell
sagaun. Has masnumocmamuky MH  CIenaeM IPOCTOil BHIGOP

v-A=0. (14.6)

(ITorom, ®orga Mul mepeiiieM K YIeKTPOZAHAMUKE, MH H3MCHHUM
pam BHGop.) Wrak, mame moiHoe ompepmeiaeHme * A B JaHHBIR
MoMeHT ecTb VXA =B u y-A = 0.

Urofs NPUBHKHYTh K BeKTOPHOMY HOTEHOHAIY, HOCMOTPHM
CHawajla, 4eMy OH paBeH [isi OJHOPOZHOIO MarHUTHOTO monsa Bi.
Bu6upaa och z B manpasiennu B;, MB JOJJKHE HMeTH

B, =-2eu_Y=,

84, 84,
B}’= 9z ox =0, (147)
94, 04,
B.= = =Bo

PaccmatpuBast 9TH YPaBHEHUS, MEL BUJUM, 9TO OJ[HO U3 G03MONCHUIL
pemeHnii ecrn

A,=zB,, A, =0, A,=0.
Niam ¢ Tem e yConexoM MOMKHO B3ATH
A, =—yB,, A,=0, 4,=0.

Eme opno penieHue ecTh KOMOMHAIMA HEPBHIX [BYX

1 1

Ax-:—?yBo, AV——~—2-:£B°, A,=0. (14.8)
fAcao, 4o Auas Kaxporo moust B BekTopuwiii moTeHnmman A He efuH-
CTBeHHHII; CyIleCTByeT MHOIO BO3MOKHOCTEH.

* Hame onpefeleHne Bce elie HE MOJHOCTLIO 3amaeT A. UToGH 3amaHne
ORLIO eduncmeenntim, MB JOJKEH OlA OH 9ro-HEGYAb CKa3aTh O NOBETCHHE
mons A Ha KaroH-1m00 TpaHume Hax Ha Goablinx paccrosauax. Nmorga Gmsaer
yro0HO BEIGpaTh, HanpEMep, IOJe, CHAMAINEe K HYID HA GOJGIHAX PACCTOSA~
HEAX.
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----- @ uez 14.1. Odnopodroe maz-
numnoe noae B, nanpaeseninoe

A A4 no ocu 3z, coomeemcmeyem
! » seKmopHoMYy — nomenyuasy A
UoAL (A=Br'/2), komopui epawa emcs

60KpY?2 Ocu z.
7! — paccmoanue Ho ocu 2.

=
8

i

Tperbe pemenne [ypasrenue (14.8)] oGnamaer psmoM meTEpEC-
rux cpoiicrs. IlocKOABKY Z-KOMIOHEHTAa HPONOPHUOHANIBHA —,
a J-KOMIOHEHTA NPOLOPUHMOHANBHA -Z, TO BEKTOD A [OIeH
OHTH NEPHeHIUKYISIPEH BEKTODPY, IPOBEIGHHOMY OT OCH Z, KOTO-
peIit MeI 0603HAYMM r' (HITPHX 03HAYAET, YTO PTO HE 6eKMOp pac-
cTOAHAA OT Haganma). Hpome Toro, seqmunHa A mpONOPHUOBAJIBHA
l/x2+y2 M, ciefgoBaTeibHO, mpomopumonanbra r’. Ilostomy A
(nnsi OMHOPOTHOTO WOJs) MOMKeT OBTh BAIHMCAHO HPOCTO

1 )
A= Bxr. (14.9)

Bexropusiii morerrual A pasen no sennamHe Br'/2 m Bpamaerca
BOKPYT OCH z, KaK Hokasano Ha ¢ur. 14.1. Ecan, Haupumep, noxe
B ectb molle BHYTPH CONEHOUIA BIONB €0 OCH, TO BEKTOPHHIH MO~
TEHOUAI OUPKYIHPYET TOYHO TakuM ke o0pasoM, KaK U TOKH B
COJIeHOHIE.

BexTopHupil moTeHnman OJHOPOZHOIO HONS MOKeT OHTH MOy~
weH # apyrmM cmocobom. Huprynsanus A Bponb a1060it s3aMKkHyTOR
mering I' Moyker OHTH BEIPayKeHA depe3 IMOBEPXHOCTHHIN HHTErpas
or ¥ XA ¢ nomomipio TeopeMn Crokca [ypasmenme (3.38), crp. 63]

55A-ds= { (vxA)nda. (14.10)
r Buyrpu I’
Ho mmrerpaad copaBa paseH HOTOKY B CKBO3p Teriio, moaToMy
$Aads= { Bonda. (14.11)
P Bayrpu T .
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Wrax, quprynanusa A BIOIb écAxoll meTnyu pPaBHa HOTOKY B ckBO3H
neraio. KA Mb BO3bMeM KPYINIYI0 HETI0 paguyca r’ B ILTIOCKO-
cTH, HepIEeHAUKYJIAPHON omHOpogHOMYy moiw B, To moroxk Oymer
B TOYHOCTH pAaBeH

nr'?B.

Feru sBHGpars Hagamo orcyera B ICHTpe meTJH, Tak 910 A
MOKHO CIMTATh HAIPABIGHHHKM IO KacartelbHOH H ¢yHKNUeHd TONL-
KO or r’, TO HMpKydsmusas OyAer DasHA

SﬁA-ds =2nr'4d =nr'?B.

Kak m paubime, momydaem
Br’
—2_‘ .

B ronbro 4ro pazoOpaHHOM HpUMepe MH BHUYHCIHAEM BEKTOp-
HLIH OTeHIMAI U3 MATHATHOT O MOJs, O0BYHO MOCTYIAKT HaoGopoT.
B cuoxmmx safjavax BeeIjja mpoule HaiiTtd BeKTOPHHLl HOTeHIHAT,
a saTeM yiKe W3 Hero Halftm MarautHOe moxe. Cefluac MBI HOKaMeM,
KaK 5TO MOKHO CHeNarb.

§ 2. BexmopHuiii nomenuyuas 3a0aHHLIX 1MOKOS

Pas B omnpepensierca toramu, 3maumr, © A TojKe. MH XotmM
Tenepb BHpasuTh A uepes Tokm. Haunem C Hamero 0CHOBHOIO
ypasrennst (14.2):

2 —J
Py xXB= -~
OTKYZa, KOHEYHO, CIefyer
c?y X (VX A) -~’- (14.12)

IT0 VpaBHEeHME [JAd MAarHUTOCTAaTHKM; OHO IIOXO;Ke Ha YPaBHEHue

vV Ve ~~30 (14.13)

IJIA DIeKTPOCTATHKA.

Hame ypasmenne (14.12) maa BeKTOpHOTO HOTeHIHWala CTa-
Her eme 0ojee IOXOKHM HA ypaBHeHme Iad (, eciu HePeIn-
caTh y X(yXA), UCHONb3ys BEKTOPHOE TOKAECTBO [CM. ypaBHe-
mue (2.58) crp. 44]

VX(VXA)=v(v-A)—Vy?%A. (14.14)
[Mockonpry M BrOpanu y-A=0 (u Temepp BH BHIHTE, IIO-
ueMy), ypasnenue (14.12) npmoGperaer Bmj

VoA = — (14.15)

)
gyc2
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Due 14.2. Bexmopuwii
nomeryuar A ¢ moure 1
onpedeasemes uHmMegpaioM
no aaemenmam moxra jdV
60 scex moukazr 2.

k
\

AR

9T0 BEKTOPHOE yPaBIeHHe, KOHOYHO, pacnajaeTcs HAa TPH ypas-
HeHNA
T Iy
24 — 24 — 1] 24 —__
Vid,y=—gm VA, =—rn VA =— 5, (14.16)
W KaKIoe W3 HTUX YPaBHEHUH Mamemamuuecku UOeHMUUHO
YPaBHEHMIO

Vo=—qy-. (14.17)

Bee, uro ME YSHAJIHM O HAXOMKIEHAW NOTEHNMAJIA I8 H3BECT-
HOTO P, MOWHO HCIIOJB30BATH NJSI HAXOMKIEHMA KAKIOH KOMIIO-
HEHTH A, Korja H3BecTHO j!

B ra. 4 mm Bupgenm, 9To ofmee pemeHne ypaBHEHHS 3JICKT-
pocratukn (14.17) umeer Bmp

1 p(2) dV2
()= 4ate, ris
Torga MM HeMme[JIeHHO MNoJydaeM oOmee pemenme mms A ,:
Ix(2)dVy
A, () =gas | =B (14.18)

m anagormyno piaa A, m A,. (Pur. 14.2 HanoMuHaer BaM o Tpw-
HATHX HaMH o0O03HAYeHHAX 1id ry, @ dV,.) Mo Momem o00Db-
¢/[MHATL BCe TPH DeINeHH:A B BeRTopHoﬁ dopwme:

Aly=-— 53(2 )dVs (14.19)

(Br1 MostteTe TpH JKeJAHWE TPOBepHTH IPAMHM AufdepeRnuposa-
HEeM KOMIIOHEeHT, 9TO B3TOT HHTerpaj yxoBieTBopser y-A=0,
nockonbky V-j=0, a mociegmee, Kak MH BHUJENIH, AOIKHO BEI-
WOJHATHCA NS TMOCTOSHHHIX TOKOB.)

Mm nMeeM, TarmM o0pasoM, OOmmii MeTo]] BHYHCIEHHS Mar-
HETHOTO MOJsI OT NOCTOSHHEIX TOKOB. [IpMHIHO TaKof: I-KOMmo-
HEATA BEKTOPHOTO TOTEHIMANA, BO3HUKAOMAS OT INIOTHOCTH
TOKA j, TOYHO TaKas jke, KAK DIEKTPHIECKAH WMOTEHNMHAT P, KOTO-

l_me Fnegc?

282



pHI GBI OH CO3JAH IJIOTHOCTBIO 3apsA70B P, PaBHOH j./c*, m ama-
JIOFMYHO Nis Y- W z-KOMOOHEHT. (ITOT NPUHNUN HeHCTBYET TONBKO
[Is TeKaproBHX KommomeHnT. Hampumep, «pagmaibHAs» Kowmmo-
HeHTa A He CBA3aHA TAKHM ke 00PA30M ¢ «PATuaIbHON)Y KOMIOHEH-
toii j.) Wrak, m3 BexTopa IUIOTHOCTH TOKa ] MOMKHO Haiitm A,
noab3ysch ypasaeHmamMm (14.19), 1. e. MH HaxOIuUM KLKAYIO KOM-
moHeHTy A, pemas TpE BooOpaskaeMHe 3NEKTPOCTATHUCCKIE 3aya-
UM IS pacTpefeNeHuil 3apAmd 0y=/,/c?, P,=],/c® W p3=j /c%
3arem MH BaxogmM B, BHUEWCIHB pasHHe IPOU3BOAHEE or A,
Bxousaiume B vXA. HemHuoro cunommee, 9eM B 3JeKTpoCTaTHKe,
Ho nges tasre. Ceil9ac MH DPOMINIOCTPHDYEM TEODHIO, BHIYMCIME
BeKTODPHH I MOTEHIMAN B HECKOJIBKMX TACTHEIX CJIydasx.

§ 3. IIpanroii nposod

B xagecrse mepBoro mpmMepa CHOBA BEHYMCIHMM I10J€ TIPAMOTO
OpoBOJA, KOTOPOe ME HAXOOWIH B IpeIHAYIIeM maparpade, mogab-
3yAch ypasHenumeM (14.2) m coobpaskeHAAMY cEMMeTPUA. Boabmem
JAWHHHI IpAMOI WPOBOJ Pagmyca a, no KOTOPOMY Te€4eT IIOCTOSH-
et Tok [. B ormume or 3apsga B mpOBOAHHKE B CIydYae IEKTPO-
CTATHKY HOCTOSHHHIH TOK B IIPOBOJE pacupefeleH DABHOMEPHO mO
momepeyHoMy cedeHmio mposoja. Ilpm rakom BHGOpDe Koopmmmar,
Kak moKasano Ha dur. 14.3, BeKTOp WIOTHOCTH TOKA j EMEET TOIBKO
z-komnoHenty. llo BenwmuwmHe oHa pasHa

(14.20)

BHYTPHE HpPOBOZA M HYII0O BHE €ro.
Tlockoasry j, ® j, oba
paBHH HYII0, TO Cpasy ke
WONYIHM
Ax =O, Ay = V.
Urobu monyamtb A,, MOK-
HO WMCHOJL30BATH HAIIE pe-

IeHne Jgias 3JIeKTPOoCTaTH-
YeCKOT'0 moTeHnuaJada ¢ oOT

D ue 14.3. Jaunnwi yuaund- g
puueckull npoeold ¢ 00HOpPoIHOU
nAOMHOCIbI0 MOKA ), HANDAGACH~
Hbl 800 oCU Z.

283



mpoBOJA ¢ OFHOPONHOH INIOTHOCTBIO 3apsaxa p=j,/c%. Jlas Touer
BHe OeCKOHEUHOIO 3aPsJKEHHOT0 HWIMHAPA BIeKTPOCTaTHIeCKHit
HOTEHI{AAT paBeH
O
P= " one,
e r'=V 2*+y®, a A — sapsajy Ha eNMHMIY JIMHL na®p. Caego-
BaTenbHo, A, HOMKHO OHTB PaBHO

malf
A, =— 21z qn pf
2mege

’
Inr’,

JJIA TOYeK BHE JAMHHOrO UPOBOJA ¢ PABHOMEPHO pacupefeseH-
BEM TOKoM. Ilockonbry ma?,=1, To MOKHO TaK;ke HaOmcaTh

A,= Inr'. (14.21)

2me 0?

Teneps Moo Haittm B, moneayschs (14.4). W3 mrectm mpo-
W3BOAHHX OT HYJS OTIMYHE! TOJHbKO aBe. llomywaem

- i TS I ¥
B,=— S Oy Inr'=— Sriend 778 " (14.22)
7} Y .
BJ’ T eyt Oz nr= gyt r'2? (14.23)

B,=0.
Msi monywaeM TOT jKe Pe3yAbTaT, YTO M paHbme: B obxomgur mpo-
BOJ L0 OKPY}KHOCTH W 110 Belm4YHHE PaBeH
1 27
B=_——=.
4rege r

(14.24)

§ 4. Jaunnwviit corenoud

Eme mpumep. Paccmorpmm omsatbe 0eCKOHOYHO MJIMHHBIEA COlle-
HOUI € TOKOM L0 OKPYIKHOCTM, PaBHHM nl HA eTUHANY JJIMHE.
(Mui carraeM, 9Yro ¥MeeTCs 7 BUTKOB NPOBOJOKY HA eJHHULY K-
HH, HeCyIIUX KMKAHHA Tor [, m mpeHeOperaem HeGONBIIMME 3230~
paMB MEEAY BHTKAMH.)

Toumo TaK ke, KAR MH BHBOIWIH (IIOBEPXHOCTHYIO ILIOTHOCTD
3apAgay G, OUpegelMM 3[eCh (IMOBEPXHOCTHYI INIOTHOCTH TOKa»
J, paBHyH0 TOKy HAa efUHHWUE IJIMHKN OO OOBEPXHOCTH COJEHOMHA
(4T0, KOHEYHO, €CTH HPOCTO CpefHee j, YMHOKEHHOE Ha TONINMHY
roHKo#l mamorkm). Benuymna J 3gecy papua rf. 3T0T HOBEPXHOCT-
uu# Tok (Qpmr. 14.4) mMeeT KOMIOHEHTHI

J,=—Jsing, J,=Jcosp, J,=0.

z

Mu gomxHE Temepb HaiiTm A s TAKOTO pacnpefieleHnds TOKOB.

Ilpeskne Bcero nafimem 4, B TOYKAx BHE cojdeHomAa. Pesyis-
TaT TAKOH jKe, KaK JIEKTPOCTATHIECKWH HMOTEHIMAJ BHE NEIWHIPA
¢ TOBEPXHOCTHHM BapAmOM:

0 =:0,sin @,
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Duea 14.4. Jaununit coaeroud
4 nosepxnocmnoai RAOMHOCMbID y
moka J.
— T3
7 Jy
/ 5 \
B | 2=
~
WA
\ « ofe o T x
rie 6,=—J/c®. Mu mHe pemaian \ ) //
caydail TaKoro pacmpefeieHus \\ A
3apAjfa, HO Jejall;m Hedro Io- |

xoskee. ITO  pacmpepereHue
3apAfa SKBUBANEGHTHO JIBYM
JcecmKEUM NAIAHAPAM, COCTOS-
nMM W3 3apgioB, OIWH W3
TOJIO;KUTEN bHBIX, APYTOH W3 OTPHNATENbHBIX, ¢ MAJKM OTHOCH-
TeJIBbHLIM cMelleBneM BX oceill B Happasiaenuu y. llorennman Taxoit
Hapsl LIMJINHAPOR IPOHOPIMOHANEH IOPOMUBBOAHON IO J OT HOTEH-
HaNa ONHOTO OTHOPOTHO 3aPsUKEHHOTO nuimHapa. M, KoHedHo,
MO’KeM BHIYHCIHTh KOHCTAHTY TPONOPIMCHAIBLHOCTH, HO MOKA He
6ymeM BOBMTBCA C HTHM.

[loreanman saps/KeHHOr0 LUJIHHIDA nponopuﬂonaneﬂ In r';
MOTEHNNAJ TIapH TOTJA paseH

dlnr Y
y ~ r2’
Urar, MH 3Haem, 4910
y
A, =—K=5, (14.25)

rge K -— HexoTopas XoHcTtaura. Paccympmas ToOUYHO TaK Ke,
HalneM

A, =K% (14.26)

/2 .
Xora MB paHbOole TOBOPWIM, YTO BHE COJCHOMAA MASHUMIOZ0
IOJiA HeT, TeHepb MH HaXOXWM, 4TO moie A cyuiecTsyer M Iup-
KynupyeT BOKpyr ocm z (cm. ¢mr. 14.4). Bosaukaer Bompoc:
paBeH JHW HYJI0 ero porop?

OuesnpgHo, B, 1 B, parmnn mymo, a

B (K ) =3 (K ) =

1 2x2 1 2y?
4—_—.K<ﬂ_._i+__:l_>:0_

rEhpre sy

Wrax, MarEMTHOE WOJle BHe O4eHb NIMHHOTO coleHomzia feiicTBm-
TeJbHO PaBHO HYJIO, XOTA BeKTODPHHI HOTEeHI[MAI HYJII0 HE paBeH.
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Mr MoxeM DpoBepHThH HAm pe3yldbTaT, OPHGErHYB K ApyTHM
coobpaskennaM. IlEpKynsAnms BEeKTOPHOrO NOTEHHHAJA BOKPYT
coleHOM/Ia OMKHA PABHATBHCA HOTOKY B BHYTpM Karymiem [ypas-
meame (14.11)]. Umprynsaomss passa A-20r' #IH, TOCKOILRY
A=K/r', oma pasHa 2nK. 3amersTe, YTO HUPKYIAHA He 3aBH-
cur o1 r’. Tak u goxskHO OHTH, ecau B BHe comeHOMIa OTCYTCTRY T,
IIOTOMY 9TO TOTOK eCTB npocto Beimumaa B snuympu coxemoupa,
yMHO:KeEHAg Ha na®. OH OHMH M TOT 3Ke JIsI BCeX OKpy/KHoCTeil
c paILHyCOM r’>a. Panpiie MH HAILIE, 9TO NOJE BHYTPH PaBHO
nl/e,?, moaTOMY MHE MOKeM ONpefNeluTh KoHcTaHTty K:

2K = na2 n!

2 b
Hian

nla?
2gqc? "

K=

JtaK, BeKTOPHHIA MOTEHNIHMAN CHAPYICU WMeeT BeIMYHHY

Ta? 1
=T (14.27)
U BCeTHa UEPHeHIUKYJISAPEH BEKTOPy T'.

Mzl roROpMIM O CONCHOMOAILHON KaTyuike W3 IPOBOJIOKH,
HO TaKoe ke Iojie MH MOTiM OK €037aTh, Bpamas NJIWHHBIHA mu-
JIMHAP C dJIEKTPOCTATHIECKIM 3apsioM Ha mopepxHocTH. Ecim y Hac
€CTh TOHKMHA NUIMHIPHYECKHME CJIOH pajHyca 4 € IOBEPXHOCT-
HEIM 3aDsIfOM G, TO BpAIleHNe UWINHApa o6pas3yer MOBePXHOCTHRIH
Toxk J =00, TOe v=a0 ~— CKOPOCTb MOBEPXHOCTHOTO 3apsga. Bmyr-
pH NWIRHAPA TOTHA Oymer MArHUTHOe moie B=0,m/g >

Teneps MO}HO mOCTaBUTH uHTepecHH Bompoc. [Ipexmonomun,
YTO DePHeHAHKYIAPHO K OCH NEIMHIPA MH HOMECTHIA KOPOTKHIA
orpe3ok mpoBonoku W o1 ocH [0 MOBePXHOCTH M UPMKPEIAIH €€
K OUWIMHAPY TaK, YTO NPOBONOKA BpAIIAeTCsI BMeCTe € HEM
(Pur. 14.5). I1a IpOBONOKA KBWIKETCS B MAaTHWTHOM HOJ€, TAK 4TO
cunta vXB mpmBeder ® ToMy, YT0 KOHIH IPOBOJNOKM 3apARATCS
(onm GyayT 3apsyRaTHCS IO TEX mop, oxa noie E 3apsamoe He ypas-
HoBecuT cumisl vXB). Ecim nuawmnagp sapskeH HOJIOKUTENBHO,
TO KOHeH NPOBOJOKHM BOAUSW ocm OypmeT MMeTh OTpHIATENbHEI
sapsan. Wsmepsas sapsj Ha XOHUE IPOBONOKM, MK MOLJIK GH ompe-
JeIuTh CKOPOCTHL BpAlleHWs CUCTEMB. Ml monxyumnd Onl «yrioBoit
cKopocTeMepy (WIM «YTaoBoi curoMeTpy)!

Ho Bu, nasepHo, 3acoMHeBaerech: «A €To, eCIH A caM mepeii-
Iy,~— CKKeTe BH,— B CHCTEMY KOODAMHAT BPAIAOUIETOCS IH-
amagpa? TaMm szapsowenEfiii OUIMHAD OOKOWTCA, a 51 3HAW M3
3IEKTPOCTATHICCKAX YpaBHEHMIl, YTO BHYTPH HUIMHADPA HEKAKOTO
norA He 6ylem, He OyZer ¥ CWIH, TOJNKAOMed 3apAnH
x meatpy. IlostoMy specsk uro-ro me tax?» Her. Bce mpasmasno.
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@ u e 14.5. Bpawawwuics sa-
paxcennwld  yuaundp  cozdaem
snympu cebs mazHumHoe nose.

Hopomkas npoeoaora, 30EPENAEHHAR
6doab paduyca, e6pawjafch emecme c
Yyuaurdpom, npuobpemaem HA CEOUX
KOHYAX UHOYYUPOSaHHdE 3apadoi.

«OTHOCHTEABHOCTH  BDAIe-
HUsg» He cymectsyer. Bpa-
UIAI0MAACA  CHCTEMAa — He
HHEePIHAIbHAS CHCTEMA, X
3aKONH QU3MKE B Hell Apy-
rue. Mpl JOMKHEL 1OJAB3O- | i
BAThCS YPABHEHUAMH IEK- |
TPOMarHeTH3Ma TOJIBKO B
HICPIUATBHEX  CHCTEMAX
KOODAMHAT.

Bruro 6m 370poBo, ecan 66 CMOTAE U3MepUTH aGCOTI0THOE Bpa-
IeHne 36MIH ¢ TMOMOIMBI0 TAKOTO 3aPSIKEHHOrO MUIHHIPA, HO df-
¢erT, K HECHACTHIO, HACTOAHKO MAas, 9TO €r0 HEBO3MOMKHO HabJi0-
Jath Jaske ¢ IOMOINGI0 CAMBIX TOHKHX COBDeMEGHHHIX TpmOOpoB.

§ 5. Ilore masrenvrott nemau; HaAzHUMHLLE OUN0ADb

BocmonszyeMes: MeTOLOM BEKTOPHOTO IMOTEHIMANA, TTOGK HAATH
MaTHUTHOE II0Jle MAJeHbKOH mernm ¢ ToKoM. Hax ofbrymo, mox
C/10BOM ¢MAJIeHbEAs» MH IPOCTO MOAPA3yMeBaeM, UTO HAC HHTepe-
CYIOT LOJIS TONBKO HA GONBHIAX PACCTOANUAX IO CPABHEHHIO € pas-
MepoM meram. Hax Mu yBmAmM, J100as IeTelsKa HPeACTABIAET
co00ff «MATHWTHHH [AUOONLY., ITO 3HAYAT, 4YTO OHA CO3JAET
MAZHUMHOE 10jle, NOKO0HOe DIEKTPHIECKOMY IO OT dJIeKTpHYe-
CKOr'0 JMMIOJIA.

Bozemem cHagaza HpAMOYIOIBHYIO NETN0 W BHOEPeM OCH KO-
opauHaT, Kak moxasaHo Ha ¢ur. 14.6. Towros B mampasmemun z
Her, mopToMy A, paBHO Hy’o. Ecrb TOKM B HaupapjieHuw & 1O
ofenM CTOpPOHAM HDSIMOYTONBHMKA, AAHHA KOTOPHX &, B Kampgoi
CTOpOHE ILIOTHOCTH TOKA ® TOK opHopodmsl. llosromy pemenme
mas A, B TouyHOCTH MOTOOHO 3IEKTPOCTATHYECKOMY TNOTEHI[HATY
oT ABYX sapsxeHHMX nagouer (Pur. 14.7). Ilockonnry mamoaxu
FMEIOT DPOTHBOIMONOKHEE 3aPAAE, MX SINEKTPHICCKUIl MOTEHIHA
HA GONBIIMX PACCTOAHEAX 6CTh KAK Pas3 AUMONBHEIA IOTeHHEAl
(cM. ra. 6, § ). B Touxe P ma ¢ur. 14.6 moreruman pasen

p=r D' (14.28)
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@ ue 14.6. Ilpamoyeoavias npo-
eonouras nemas ¢ mokom I

/: -
X Yemy pasHo MazHUMHOE NoJe 8 mouke p?
b gyl ! 7 (R>>au b).

J{ L.
JAR,

rfie p — ANOOJBHEIN MOMEHT pacIpefeleHma 3apajnos. B mammom
ciydae [UOONBHEIH MOMEHT paBeH HOIHOMY 3apafy Ha ORHOM
majodxe, yYMHOMEHHOMY Ha PpacCTOsHNEe MERAY HEMH:

p=hab. (14.29)

JunonbHE{l MOMEHT CMOTDPHT B OTPHNATeTbHOM HANDABICHHH Y,
moaToMy KocmHyc yriaa mexay R m p paser —y/R (rge y — xoop-
nzpara P). Mrax, M w#Meem

_ 1 daby
(P_lmeo R® R~

Samensss A ma //c?, cpasy e moaydaem 4.:

A= v (14.30)

%7 Znege® B3
C moMOHIBIO TeX jKe pacCy KAeHMIi:

Tab =z (14.31)

Y= Inegct B8

V4
¥
oy f T
/sz
Dye. 14.7. Pacnpedescrue |, @ b,’ /
npoeosouHol nemae ¢ MOKOM, U0~ / va "
6paxcennoti na pue. 14.6. / a /
FEEE L+
Jz'—>



@ ue. 14.8. Bermopruil nomen-

yuaa MALEHBEOUL nemal ¢ moroMm, A
pacnoaoscenoli 6 Hauaie Koopou- —
nam (6 naocKocmu xy).
ITosae maznumnozo dunoas.

R
Chosa A, mponmopnmoHamsb- /’?/
HO I, a A, wnponopumo-

HAAILHO —¥, TaK 9TO BeK-
TOPHHIA  morenmman  (Ha
Gonbmmux PACCTOAHMSIX)
Haer TO KpPYyry BOKpYT
ocH z, NMPKYIHPYys TAKHM jKe oOpasoMm, xraxk Tok / B memie
(Ppmr. 14.8).

Benmunmra A nponopnuonansua fab, T. €. TOKY, yMHOMEHHOMY
A MIOW@AfAb HeTIH. JTO HPOU3BEHCHHE HASHIBACTCH MAZHUMHbLM
OunosbHbLM MOMEHMON (AAM YACTO HPOCTO (MATHHTHHM MOMEH-
ToM») meTiad. Mu ofosHaumM ero gepes fi:

w=7rab. (14.32)

BexrtopHH# DOTEHNMUAN MalNeHBKON ILIOCKOH NeTeIbKH 40601
opMEl (KpYT, TPEYTONBHHK H T. I.) TaKKe [JAeTCA ypPaBHCHHAMHE
(14.30) m (14.31), ecau 2amenntb [ab Ha

p =1 .Haomans meran, (14.33)

Mn mpegocrapisieM BaM LOPaBO 3T0 [OKAsaTh.

HameMmy ypasHEHHI0 MOKHO IPHAATh BEKTOPHYI dopMy, ecid
ONpeNelnTh BEKTOD | KAK HOPMANDb K INIOCKOCTH HeTIH C IOJ0-
SKUTENbHKM HAUPABIEGHMEM, OUpeJelfAeMEM II0 MPaBmiy Tpasoi
pykn (cM. ¢ur. 14.8). Torma mo;kHO Hammcathb

)~
—— :L'
I

1 p,xR_ 1 nXep ) /4
A~4neoc“‘ R® " 4mey® RE G (14.34)

Haum eme myxuo majita B. Hoxesysce (14.33) m (14.34), a Tarme
(14.4), momydaem

3w =z 3= 35
Bi=— e = T (14.35)
(op MHOTOTOUHWEM MH HOApasyMeBaeM W/4me,c?),
_ 9 ¥\ __ 3uz
y—gz‘(—-.._.'ﬁ;)-...—R—s, (1436)

Bom2 (o )R () = ()
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KoMoorerTs mosis B pegyr ce0a To9HO TaK ke, KAK KOMIOHEHTH
nona E gug qamonsi, opEmeATHPOBAHHOTO BAOAB OCH Z [CM. ypaBHe-
ama (6.14) m (6.15), a raxske ¢ur. 6.5, crp. 115]. Bor nmouemy mu
HA3HBAEGM IETA0 MAarHATHHM junoaeM. CrToBO «IHIONEBY B OpH-
MEeHEHHN K MArHUTHOMY IIOJI0 HEMHOTO 3allyTHIBAET, MOTOMY uYTO
Hem OTHEALHHX MAaTrHUTHHIX (IONIOCOB», COOTBOTCTBYIOINHX BJeK-
TpUYeCKHM 3apsafaM. MarsurHOe (AMIIONBHOE II0Jie» CO3[AeTCA
He OByMA «3apsiaMm», a dJIEMeHTapHOH Ierieil ¢ TOKOM.

B o6mem-10 moBONBHO NIOOOMHETHO, 9TO, HAYAB C COBCEM pas-
HHX 3aK0HOB, V- -E=p/e, m yXB=//e,c?, MoKHO mpuiiTn K MOIIO
OJHOTO0 W TOTO j;Ke BHpma. llodeMy rtak momygaercs? Ilovomy wro
IUIOALHbIE OAA BO3HHKAIOT, TOJAbKO KOIJIA MBI HaX Of{MMCH HAJEKO
OT BCeX TOKOB m sapaxos. Torma B Goxapmieit 9acTu mpocTpaHCTBA
ypapuenus aast E m B ogmraxoBm: y 060MX OUBEePTeHNUA X POTOP
pasuu uyaio. CiemosaTenbHO, OHH [T OJHM W Te jKe DeHIeHHA.
OnHaKO UcmounUKlL, KORQUIYPAUMI0 KOTOPHX MBl ONNMCHIBAEM €
IOMOIBI0 JUMOABHEIX MOMEHTOB, (M3MYCCKHN COBEPIIEHHO pasind-
gel. B ommoM ciiygae 370 NUPKYIUPYIOMHL TOK, & B APYroM —
mapa 3apsjgoB, OfMH HAJ, & JPYroil II0f IUNIOCKOCTBI0 UeTJIH JUIA
COOTBETCTBYOIEr0 HOJA.

§ 6. Bexmopnutit nomenyuanr yenu

Hac yacro mmTepecyer MarmmTHOe HOle, CO3LABaeMOe IIEHbIO
UPOBOAOB, B KOTOPOH JuaMerp OPOBOJA OYeHb MAJ IO CPaBHEHMIO
¢ pasMepaMd Beeil cucTeMH. B Takmx cliygadXx MBI MOKeM yupo-
CTHTHL YPABHEHHWSI NI MArHWTHOTO IONA.

Jlas TOHKOTO mpPOBOXA BieMeHT 00beMa MO’KHO 3AaIMCATH B BHJIE

dV =S8ds,

rae S — WwIomiajb NONEPEeYHOro CeYeHHsA UpoOBOjA, a ds — aie-
MEHT pacCcTOAHEA BXOJL HmpoBosokH. B caMoM nele, mMOCKOIBKY
BeKTOp ds mMMeeT TO ke HampasieHme, 410 u j (Pur. 14.9), m mu
MOM{eM HPEJHONIOKATE, ITO j MOCTOSHHO HO JIOGOMY MAHHOMY
CeUeHNIO, TO MOKHO 3amUCcaTh BeKTODHOE ypaBHEHHE ‘

§dV = jSds. (14.37)

ds

D ue. 14.9. Jlaa mouroi npososor
JaV mo me camoe, umo u Ids.



Due 14.10. Maernumnoe noae
nposoda moxcem Gumb NOAYUEHO
UHmezpuposanuem no 6écet yenu.

Ho j§ — xar pas T0, 9TO Mbl Ha3bBaeM TOKOM / BO BCEM TpoBOfe,
TaK 4TO HAII MHTeTPAN JJA BEKTOPHOro moTeHnmaina (14.19) cra-
HOBHUTCS PAaBHHEM
1 (Ids,
A() =g | (14.38)

(¢pur. 14.10). (M npenmonaraeM, 9to / OHO ¥ TO JKe BHOADL BCETO
roHTypa. Ecnm ecth HeCKONBKO OTBETBIEGHMH € PA3HBIMH TOKAMM,
TO clenyer, KOHeYHO, Oparb COOTBETCTBYIOINMI TOK B KayKHOH
BETBH.)

Hax m pansme, mo:xEO Halitm mose ¢ moMompbio (14.38) auGo
UPAMHIM HHTETPEPOBAHEEM, JuGO peinas COOTBETCTBYIOIIYIO 3JIeK-
TPOCTATHYECKYIO 3aJavy.

§ 7. Baxon Buo— Casapa

B xone m3yueHms 3MeKTPOCTATMREM Mh HAUITH, YTO BIEKTPHIE-
CKOe mOJe W3BECTHOTO PACIpeJeleHns 3apafoB MOMeT OHTh
TMONYyYeHO ¢pasy B BuUie WHTeTpama [ypapmemme (4.16)]

E( ) 1 jp(z)emdvz.

2
4me, ri,

Kax MH BHAend, BHYNCIHATL DTOT MHTETpad (a MX HA CaMOM jejie
TPH, IO OJHOMY Ha KajK[Iyi0 KOMIOHEHTY) oOnuHO GEHIBaeT TpyjHee,
9eM BHYHCINTD HHTETPAN AJs NMOTeHHNHANA M B3fATh OT HETO TIpa-
ITHEHT.

[MomoGHmit WHTETpaJ CBA3KBAaEeT ¥ MArHETHOE IOJE€ ¢ TOKAMH.
Mz yme mveem mATerpal Ans A [ypasuenume (14.19)}; MH MomxeMm
MOJNYYHUTh MHTErpad u Iisa B, ecim o3bMeM porop or ofenmx gacreii:

B(1)=yxA(1)=yx [,m czg-'@)‘”] (14.39)

A remepb MH JOJGKHE OHTL ocroposkHe. Omeparop poTopa O3HAa-
gaeT B3ATHE HMPOM3BOMHEX or A(l), T. e. OH felicTByeT TONBKO Ha
KOOpAEHATH (%3, Yy, %1). MoskHO BHecTm omeparop Yy X NOX MH-
Terpajl, eCiu HMOMHHUTB, YTO OH JeHCTByeT TOJNBKO Ha IePEMEHHLI®
co 3HaYKoM 1, KOTOpHE HOABIAIOTCS, KOHEYHO, TOABKO B

712 = (@1 —2)° + (Y1 —y2)* -+ (3, —25) 1= (14.40)
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Msr monywaeM gas x-KommoHeHTH B:
04, 04y
T

= ) U () = 3 (7,) ] V2=
-1 ”,'zyl“%_jyzljzz]dvz. (14.41)

2 3
4meye 12 L

B

Benmumua B cKOOKAX €CTH IPOCTO Z-KOMIIOHEHTA OT

JX g :J X €y
3 2 :
T1s T2

Taf‘(ﬂe K€ Pe3yabTaThl OOJYy4YawnTCcd B MI4 APYyTUX KOMIOHEHT,

n MBI HMeEeM

B(f)=—" g-i @) xes gy (14.42)

2
4mege Ils

WNarerpan gaer B cpasy gepes mssectHuie Tokm. I'eomerpmst 3fechb
TOYHO TAKAs ke, Kawasd maobpaxema Ha ¢ur. 14.2,

Ecim TOKM TeKYT TONBKO IO TOHKHM IIPOBOHAM, MEL MOKEM,
KaK B mpelmpgyuiem maparpade, HeMe[ieHHO B3sTh HHTErpax mo-
mepexk mposopa, samenus jdV wa Ids, THe dS — 3JeMeHT IJIMHH
nposoga. Torma, monbsysch ofosmavenusmu ¢ur. 14.10, mmeem

B(l)z———Lf’————"“f“z. - (14.43)
4mege? ria

(3HaK MmHyYC TOABIAETCA TOTOMY, 4TO MK H3MEHHJIH HOPAROK
BeKTODHOTO TPOM3BeNeHHA.) JTO0 ypasHeHue i1 B HaswiBaercs
sakonom Buo—Casapa B 4ecTh OTRPHBIMX ero yueHHX. OH gaer
dopMyny s HPAMOro BHYHWCJACHHS MArHUTHOIO HOJAH, CO37aBa-
eMOr0 OPOBONAMH C TOKOM.

Bepoarno, Bu yauemnmes: «Hakoil jxe IpoK 0T BEKTOPHOTO LO-
TEHIMAaNa, €CIM MH MOjKeM cpasy Halitm B B Buge BekropHOro mH-
rerpana? B KoHIe KOHNOB A TOMe OWpefeNsercsa TpeMs MHTeTpa-
aamu!y W3-3a BeXTOPHOro npomaBeneHus MHETETPAIH Aast B o6nuno
CILO}KHEE YCTPOEHK, KaK 370 BHNHO w3 ypasueHms (14.41). Kpome
TOr0, DOCKOJbKY WHTETPAIH I A DOXKH HA 3JIeKTpocTarhde-
CKWe, TO HAM He HAJ0 WX BHYACIATH 3aHOBO. HaKkoHer, MH yBu-
IuM, 9TO B 0olee TPyAHEIX TeOPETHYECKHX BOHOPOCAX, TAKMX, Kak
TEOPHSA OTHOCHTEIbHOCTH, B COBPEMEHHOM N3JIOKCHWH 34KOHOB
MeXaHRKH, BpOAe IPHMHNANA HAHMEHBIIEro AEUCTBHA, 0 KOTOPOM
Oymer paccxkasaHo MO3Ke, B KBAHTOBOH MeXaHHKe, BEKTODHHI
NOTEHIIHA] HIpaeT BLKHYIO POJb,



