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OCHOBAHUA ®PU3UKU

(kpuTUdeckuii B3TJIs)

DJIEKTPOAMHAMUKA



[Ipenmaraemasa KHUTa COCTOUT U3 JIBYX YacTell U MOCBAIIEHA
CUCTEMATUIEeCKOMY aHaIN3y KBAHTOBOW MEXAHUKH U COBPEMEH-
HOM TE€OPUHU TIEKTPOMArHUTHBIX siBJIeHni. OOCyKIAI0TCI HEKO-
TOpbI€ HEKOPPEKTHOCTU MTPUMEHEHUSI MATEMATHKU B T€OpeTHYe-
ckoit pusuke. B jannoit Bropoit yactu 1nojapodbHo pasduparorcs
MHOTHE CIODHBIE U HEJOCTATOYHO OOOCHOBAHHBIE MOMEHTHI CO-
BPEMEHHOIl TEOPUHU IJEKTPOMArHETH3MA: €¢ OCHOB, MHTEpIIpe-
Taluii, MaTeMaTUIeCKUX MEeTO/IOB U cjeacTBuil. Kuura comep-
JKUAT aHaJIU3 PsAjia JEKTPOJNHAMUYECKUX SKCIEPUMEHTOR. Beé
9TO MOKA3bIBAET HEJIOCTATOYHYIO 0OOCHOBAHHOCTD TE€OPUH JIEK-
TPOMArHUTHBIX SBJEHUH U HEOOXOMIMMOCTH CePbE3HOW pabOTHI
Haj eé ¢gpynmamenToMm. TakzKe B KHUTE 0OCYZKIAIOTCA HEKOTO-
pble aJIbTePHATUBHBIE UJIEH, CBI3AHHDBIE C 9JIeKTPOMATrHUTHBIMH
SABJIEHUSIMU.

JlanHasg KHATa MOXKeT 0Ka3aThCs MOJIe3HON IJId CTYIEeHTOB,
acIUPAHTOB, TpenojaBarTe/neil, HayYHO-TeXHUYECKUX PabOTHU-
KOB M BCEX, KTO HHTEPECyeTCcs OCHOBAHUAME (DUBUKU.
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OT m31areancTBa

Dra kHUra npogoskaer ceputo “Relata Refero” (mocioBHblif me-
PEBOJI — DACCKA3bIBAI0 PACCKA3AHHOE).

llom sTum rpudom H3mATETHCTBO MPEIOCTABISIET TPUOYHY
aBTOpaM, 4TOObI BLICKA3aTh IIYOJMYHO HOBBIE WU B HAyKe,
000CHOBATH HOBYIO TOUKY 3pEHUs, JOHECTH /IO OOIITECTBA HOBYIO
WHTEPIPETANNIO0 U3BECTHBIX SKCIIEPUMEHTAJIbHBIX JaHHBIX, etc.

B cmope pasHbIX TOUYeK 3peHHd TOJIBKO pelteHne Begmkoro
cy1bu — Bpemenun — MOXKeT CTaTh PElraloniuM U OKOHYATE b
oM. CaM 2Ke mpolecc moucka VICTHHBI XOPOIIO XapaKTepH-
3yercsl H3BECTHBIM BBICKA3BIBAHNEM APHCTOTE s, BHIHECEHHBIM
Ha 00JIOZKKY HACTOMIIEH Cepun: aBTOPUTET YUUTE/Id He JOJIZKeH
JIOBJIETH HaJl yUeHUKOM W TTPENsTCTBOBATH MOUCKY HOBBIX ITY-

Teil.

Mpsr HaIeeMces, 9TO MyOJIHKYyeMble B 9TOM cepuu TEKCTHI BHe-
CyT, HECMOTPS Ha CBOE OTKJ/JOHEHWE OT yCTAHOBUBIIUXCH KaHO-
HOB, CBOH BKJIaJl B Mo3HaHue VlcTUHBI.



IIpeaucinosne

Hem nuvezo npedocydumenvirozo 6 mom, wmobwvl
He caedosamb 3a cmadom udyuux enepedu, a

08U2aMBCA MeEM NYMEM, N0 KOMOPOMY Q0AAHCHO UIMU.
(Cenera)

B Halle BpeMd B Ka9eCTBE OCHOBHBIX KPpUTEPUEB OIlEHKU Ha-
y‘IHOfI AeATCJIbHOCTH Ha Hepe,ZLHI/Iﬁ IIJIaH BBIINIJII TaK Ha3bIBa-
eMbie (hbopMasbHbIe NPU3HAKK (B COBETCKOE BPEMSsI WJIH B MPO-
IIble BeKa 9T0 ObL10 OBl IpocTo cmenHo!). B morone 3a xopo-
el OTIYETHOCTHIO (KOJMUECTBOM ITyOIMKAIMH U IIUTHPOBAHHIA )
MHOT'HEe Hay4dHble pAOOTHHUKH 3a0BIBAIOT, YTO HAyKa “HE TePIUT
cyersr”. CortacuTech, 9T0 OBLIO Obl HEIPUATHO y3HATH, YTO JIET
97aK 4Yepe3 CTO TeOPHsl, KOTOPO# MOCBATHUI BCIO CBOIO *KHU3Hb,
OKayKeTcs JIOXKHOH ... VIMEeHHO mO3TOMY K OCHOBAHHSAM HAYKH
HY?KeH CaMbIii CepbE3HBINM W YeCTHBIN TTOIXO/I.

OpHa M3 OCHOBHBIX HJIeH HAIIMCAHUS JAHHOH BTOPOH dacTH
KHUTH — B IBHOM BHJI€ O3BYUYHUTh MPUHIUIHAIbHBIE IIPOO.Ie-
MBI, CYIIECTBYIOIINE B JIEKTpOoAnHaMuKe. KoHe1uHo, 1o cpaBHe-
HUIO C TE€OpUEll OTHOCUTEJbHOCTH, HE UMEIONEe K peajibHOCTH
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BOOOIIIe HUKAKOTO OTHOIIIEHUS W 3aTOPMO3UBIIEN HAIONTO Pa3-
BUTHE HAYKHU, JIEKTPONHAMIKA B TOH UM WHON Mepe SIB/ISIeTCSI
paboTraroreii Teopreil (KTO-TO azKe CIUTAELT eé 00PA3IOM CTPO-
roctr). OHAKO NPU BHUMATETHHOM PACCMOTDEHUH €€ OCHOBA-
HUSl SIBHO HEYJIOBJIE€TBOPUTE/ILHBI. A Jijisi TOTO 9TOOBI JBUTATHCS
BIIEPE]T, HAJIO IPU3HATH CYIIECTBYIOIIEe MOJOXKEeHNe JieJT U Mpe-
KpaTUTh “3aMeTarh Mycop moj Kosép”. Tojibko Torna (pusuku
CMOTYT IYMaTh HAJ CYNECTBYIOMAMHE PeaTbHBIMA MPOOIeMaMu
HE TIO/IMOJILHO, OTTACASICh HEOOOPEHUS HAYYHOT'O NUCTEO/TUTITMEH-
Ta, a OTKPBITO, U JIEJI0 0043aTeJbHO CABUHETCS C MEPTBON TOY-
K.

Koneuno, jjajieko He Bce yuéHble 3a0pOH30Be/ U B CBOEH 1Ipu-
BEePzKEeHHOCTH KOTIJIa-TO BBIyUeHHBIM “uctunaMm’. Hekoroprie na-
7K€ TOTOBBI O6cy}K,ZLaTb YTO-TO NPUHIIUIINAJIBHO HOBOE UJIN KPU-
THYECKH aHAJIM3UPOBATH OCHOBBI. ABTOD HCKpeHHE O1aromapex
QeifinMany, KOTOPBI IIBITACTCA CJIe/IaTh IMOHATHON UMEHHO (bu-
3HUKY CaMOI'O fABJICHUA (B oTJan4yume or LLSaMaTeMaTI/I[ﬂ/IpOBaHHOFO
KPIOYKOTBOPCTBA” JIDYTUX TEOPETUKOB) U, B PE3yJIbTaTe, BCKPhI-
BaeT MHOTHE COMHUTENAbHbIE MOMEHTHI M3JIaraeMoii Teopuu.

Boobmie, moaxon Teoperndeckoil (DUBUKH JJIsT UCTHHHBIX
VUYEHBIX dYpeBaT pazovapoBaHusMu (a g (GYHKIMOHEPOB —
JazKe TEPEXOJOM K CPETHEBEKOBOMY MpakoGecuio!): UM mpuxo-
JIATCS 9TO-TO UCKYCCTBEHHO OObABIATH BCEOOITUM U UMEIOIUM
oKOHYaTebHbIH Bua. OmHAKO, KaK TOJIBKO 3T0 “obiee” oka-
3bIBAETCS HEBEPHBIM, TO BCE YACTHBIE CJEJICTBUS TOXKE JIETST
HACMapPKy, U BCE MPUXOIUTCS MepecMarpuBarh ¢ Hymsd. [loaxon
ke o01Ieit pusnKm, Kak U uCTOpUYECKUil, UMeeT IPEeuMy IECTBO
(B wnane noucka Meruust ). OubITHbIE DAKTH BCETA OCTAHY TCS
TaKOBBIMH, W B JIIOOO MOMEHT MOYKHO BEPHYTHCA K TOM “pas-
BHIJIKE JI0OpOI”, T/e OBLIM HHBIE BO3MOXKHOCTU JIjIsI 00OOIIeHUS



Ipeancrosne 7

JIAHHBIX MJIM UX MHTEPIPETAINH, U ©3MEHUTH BLIOOD, He 3aTpa-
ruBast Apyrue (OmaTh-TAKN peajbHble) aCHeKThl SBICHH.

Hamomuum paszuuny mexxay “3axkoHoM” U “ompeaesieHHeM
3aKOH BBIParKaeT B3aUMOCBS3b MEXKIAY (H3NIECKUMH BeJINUH-
HaMH, KaxK/Jdad U3 KOTOPBIX MOZKET 6bITb U3MEPEeHa HE3aBUCHUMO
JIpYT OT APYra U HE3aBHCHMBIM OT 3TOTO 3aKOHA, CIIOCOOOM; BCE
OCTaJIbHOE — OMpejie/IeHre HEM3MepseMOoil He3aBUCHMBIM CITO-
cobom BesmumHbl (BeomuuTe BbickasbiBanue A. Ilyankape 1o
sToMy ooy ). [loaromy busuk Beeraa 1012KeH MOHUMATE CTe-
HeHb OOMHOCTH (CTaTyC) TOrO WM WHOTO BHIPAYKEHWUsl, YpaBHe-
HUsl, YTBEPXKIeHNs, IPUHIINIA, 3aKOHA — YTOOBI 9ETKO Mpe/-
CTaBJAATH Ce6e, 9TO MOXKHO OT HHX OXKHUJaTh, a 9Y€ro HeEJIb3d.
BoszbMméM Bblpa3uTe/ibHbINA IPUMED: 3aKOH COXPAHEHUS JHEPIHH.
9TOo JIaxKe He IMPUHIUII, a cKopee “Ycrap”:

[Myakr 1. 3aKoH COXpaHEHWS YHEPTUH BCET/A BBHITIOIHIETCS, HA
CErOHAIIHIO JaTy (MOJCTABBTE CETOIHSIIHEee YUCIO U TOJ)
BBIpaKeHIe SHEPIUH UMEEeT BH/I

E=FE+E+- - +E, (1)

(mo/icTaBbTe B MPABYIO YaCTh BCE BBIPAYKEHUsI, KOTOPbIE CIUTa-
I0TCSl BEDHBIMU Ha 9Ty JATy).

[lyakT 2. Eciin BB 0OHAPYKUIM HecOXpPaHEHUe HEPTUU Ha Be-
quauny Fj;, To naiiaure eil kpacusoe HazBaHHe, IpHOaBLTE B
npasyio 4actb (1) Beipazkenue F; u upountaiite [lynkr 1 cna-
JaJa.

DT0, KOHETHO, TITYTKA, HO “BO BCSIKOM NTYTKE . .. UMb JA0JIsI
nryTku”. Q4UeBHIHO, YTO 3aKOH COXPAHEHUS JHEPIUU MOXKET 110~
MOYb YHOPOCTHUTDH PellleHne 3a/Ia9d TOJHKO B TOM CJIy4Yae, eCJIu
y»K€ W3BECTHBI NPUYMHBI U MEXaHU3Mbl UCCJEyeMOro sBJjie-
Husd. B 3TOM cydae JaHHBIN 3aKOH MPOCTO ABJISETCH MEPBBIM
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HHTEI'PaJioM y2K€ M3BECTHBIX ypaBHeHuil npuxkenus. Ecim ke
IIPUYUHBI dBJIeHNd HEe CBOIATCA K paHee U3BECTHBIM IIpUYHAM,
10 (Tenepsp y»Ke He)U3BECTHBIN 3aKOH COXPAHEHUsI YHEPIHH
HU4YEM TTIOMOYBb HE CMOZKET. K HEMY MOTYyT ,ZLO6aBI/ITbCH HOBBIE
YIEHbI: B CBOE BpeMd TakK OblLIO, HALPUMEP, C TEIJIOBbIMU WJIU
9JIEKTPOMATrHUTHBIMU siBIeHHsIMH. V1 He cronT 6ogThCs “3aX0-
JIUTH 38 KpacHble (PJIazKKN: B 3TOM U COCTOUT POJIb UCCIEI0BA-
Teass — IPOBEPUTH, “paccTaBIeHBI 3TH (PJIAXKKK BIOJIb JTOPOTd
i norrepék” (3a 2000 ster dusmnka “cierka’ M3MEHNIACH, U 32
caenyrormue 2000 Jier TOXKe MOKET IPOU30UTH HOI0OHOE).

He crour mytars peajbHOCTh U yHOPOIEHHBIE MOAEIN €€
omuCcaHud, a TeM 0oJiee abCOTIOTU3UPOBATHL KaKYI0-THO0 Teo-
puio. I[longarno, 4To0 MaTeMaTHKa 3aBOpPaKUBAET CBOEH CTPOro-
CTHIO W COIJIACOBAHHOCTBHIO, HO BAaKHO 3/1€Ch HE OOMaHYTh Ca-
Moro cebs. llpocro Hamo mpeacraBiasTh cede UETKO, 9TO Ha-
I ypaBHEHWs, CKOpee BCero, He abCOJIFOTHO CTPOTHE U TOU-
HBIe, a JUIIb npubamkénube. [loaTtomy cTporo maremarude-
cKoe oOpallleHre C HUMH, KaK C TOXKJIeCTBaMH, sIBIsIeTcd 00-
MaH4YUBBIM. [[pruMepoB MOZKHO TPUBECTH MHOZKECTBO. Tak, Ha-
IpuMep, 9acTo TpoBoAAT JguddepeHnpoBanne obenx dacTeil
ypaBHeHUsI (He TOBODS y:Ke 00 sIBHO YDE3aHHBIX — JIMHEeapu-
30BAHHBIX YDABHEHHSX) TIPH JOKA3ATENLCTBAX WM BBIBOJAX
BeipazKenuii. Ho Befb OTOpOIICHHBIE caraeMble (J1ayke Hem3-
MepHMO MaJible!) MOTYT COmepzKarh ObICTPO OCIHJLIHDYIOTIHE
YJIEHBI, KOTOPBIE JIJId MPOU3BOIHBIX JTAIOT VK€ COINOCTABUMBbIE
(mm jgarke GOJIBINTKME) BEJMYHUHBI, YeM OT OCTABIEHHbBIX dUje-
uoB (byHKIms 1 €€ npousBojHble HesaBucumbl!). B pesysbrare
BBIBOJI IIPU KAKUX-TO 3HAYCHUAX ITAPAMETPOB MOXKET OKa3aTh-
cs coeprieHHO HeBepHBbIM. [loaTomy omnepanuio auddepeniu-
poBanus (10 TPOCTPAHCTBEHHBIM M BPEMEHHBIM KOODJIMHATAM )



Ipeancrosne 9

B JIOKA3aTeJIbCTBAX MOXKHO IPUMEHATH TOJHKO K ABHBIM Ma-
TeMaTUYIeCKUM TOXKJecTBaM. 10 ke 3aMevaHne OTHOCHUTCA K
IpUMepaM HCIOJIb30BaHUS TPUOINKEHHBIX (DYHKIUN pacipe-
JTeJIeHUsI U YpaBHEHU 71 HuX. Kpome ToTro, Jitsa PJIyKTyupyio-
[UX BEJIMYUH SIBHO TEPSETCsl TAK HA3BIBAEMbII “KBa,/[PaTUIHBIIT
abdexT ocnuLaannil’ — KBaJIpaTHUIHble WIEHbl 0T IIPOU3Be/Ie-
HUsI OTOPOIIIEHHBIX TAPMOHHK, HE TOBOPA YK€ O YACTHOM CJIy1ae
HaJIMYUs B CHCTeMe “IepeMerkKaeMOCTH, KOTIa 3a KaxKIbIil MO-
MeHT (CpejiHee, TWCTEPCHs, KYPTO3UC U T.J.) OTBEYAIT CBOW,
HPAKTUIECKH HE3aBUCUMBbIE peajim3anuu mporecca. Hamomuamm
TaKzKe KOHIENIHIO ACUMITOTHYICCKUX MAaPaJIOKCOB, BBEJICHHYIO
Bupkrodowm [16]: HanuIme cKOIbh YrOIHO MAIBIX YJIEHOB BBICO-
KOT'O MOPsAIKa B cucteMe audpdepeHnHaIbHbIX YPaBHEHHH MO-
JKeT IMOJHOCThIO M3MEeHHThb XapakTep pemnennii. Tax, I'. Bupk-
rod MOJYEPKUBACT: HE BCEI/IA BEPHO, YTO ecjin KO3 UimenT
IIPU HEKOTOPOM YJIeHe YPaBHEHHUs CTPEMHUTCA K HYJIIO, TO pelie-
HIE 3TOTO YPABHEHUsI CTPEMUTCS K PEIIEHNI0 Y PABHEHUSI, TIOJIY-
YEeHHOI'O IyTeM OTOPAChIBAHUA UIEHA ¢ 3TUM KO3 MUITHEHTOM.
Tak 4T0 MaremMaTHYeCKHe BBIKJIQJIKU B (PHU3MKe caMu 10 cebde
LER M)

He SIBJISIOTCS “IIPOIYCKOM B paii” (He rapaHTHDYIOT HCTHHHOCTh
dbuznueckux umeit).

Teopusi seKTpoMarHeTnsMa (BKJIIOYAsi MPOBEICHUE BCEX
KJIIOYEBBIX OMBITOB!) ObLIA CO3/IAHA 3a/10JI10 J0 BO3HUKHOBEHUST
cueruaabaoil Teopun ornocurensuocru (CTO) u me umena B
teopun otaocuTensaocth (TO) Hukakoit neobxoxumocTu (1a u
ceituac BmostHe cMmoxkeT Ge3 meé oboiirucs). ITosromy cmentno
n300pazkarb jieqno tak, oyaro CTO — »ro “Bepimnaa 3JIeKTPO-
Margerusma’ M H3J1araTb CyTh BOIPOCAa B OOPATHOM HCTOPH-
TECKOM TOPSIZKE. JTO MPOCTO M3AEBATENBCTBO HAJ YIEHBIMH,
JEeCTHO WCCJIETOBABIIUMHA PeaJIbHble SBICHU, a He MBICTEHHbIE
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KOMOWHAIMH KPIOYKOB JaHHOH Jzkereopun (cM. kpurtuky TO:
[1], http://www.antidogma.ru ). Ilpu onpeaenenun cBoero or-
HOIITEHUS K JIIOOBIM JIZKETEOPHUSAM CTOUIO OBl IMOMHHTBH BBICKA-
sbianue JI.H Tomcroro: “Pazobiaduénnast J0Kb €CTh CTOJh K€
BazkKHOe npuobpereHue Jjisi Gjiara 4ejioBedecTBa, Kak M sICHO
BhIpaKeHHas UCTHHA .

Jlannasi BTopast 9acTh KHUTH CTABUT CJAEAYIONIYIO HEJIb —
JIaTh JTOCTATOYHO TOJAPOOHBIN KPUTHUYECKUN 0030p COCTOSHUS
COBPEMeHHOI OOIenpU3HAHHOW TEOPUU 3SIEKTPUUIeCTBa. llpu
3TOM Oy/eT MpejicTaBIeHa KPUTWKA BHYTPEHHUX ITPOTHBOpPE-
4uii, HETOYHOCTEH W TPOU3BOJBHOCTEN CaMOfl 3JeKTpojuHaA-
mMuKH (TO ecTh eé annapara u (QyHJIAMEHTAIbHONH TeopeThye-
CKOii 6a3bl), KPUTHKA COBPEMEHHOIl MHTepIpeTanu O0Ienpu-
3HaHHBIX 6a3OBBIX QJEKTPOANHAMUYIECKUX OIIBITOB (pa6OTaIO—
IUX YCTPORCTB U T.J1.), U OyAyT 06CYKIeHBI HEKOTOpBIe (He 00-
IENPU3HAHHBIE ) OIBITHI, TPOTUBOPEYAIIIE COBDEMEHHBIM JJI€K-
TPOJAMHAMUYECKUM BO33peHusaM. [Ipujioxkenue copepKuT Kpar-
KHe 3aMeJaHus K HEKOTOPBIM MeHee PAacIPOCTPAHEHHBIM aTh-
TepHATUBHBIM TeopusaM. B nannoit kaure ne gay0baupyercs Kpu-
THKA T€X BOMPOCOB JEKTPOJIMHAMUKHU, KOTOPbIE HABI3AHBI TEO-
pueil OTHOCUTETHLHOCTH (X MOXKHO ocMoTpeTh B [1]). ABTop He
n3JjlaraeT CBOUX M3MEHEHUN K TeOpUU JIEKTPUYCCKUX ABJICHUN,
MOCKOJIBKY CUYHTAET, UYTO MOJ00HBIe pAOOTHI JTOMKHBI TYOIUKO-
BaThCA B PEIEH3NPYEMBIX KypHaJax, HO PAJl KOHCTPYKTHBHBIX
ugeit pa3dbpocaH B BUJEe 3aMevaHuii Mo BCeil KHUre.

JlanHasi KHUTA paccuYnTana Ha (DU3UKOB, B TIEPBYIO OUEPE/Ib,
CHEIUAJUCTOB B COOTBETCTBYIONINX 00JIACTSX, W IIOCTPOEHA, HA
OCHOBE TOCTEeI0BATEIPHOCTH KPUTUYECKHX 3aMevaHuil K Hau-
6os1ee U3BECTHBIM (JIy9ImiM) y9eOHBIM KypCaM ¢ YKa3aHHeM CO-
OTBeTCTBYIONMUX cTpaHul. [lpuuém, 3T0 He MpeTeH3WW K KOH-
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KPeTHBIM y4eOHUKAM ([IPOCTO HAO ¥Ke Ha YTO-TO OMUPATHCS);
Te JKe camble MOMEHTHI (HIeH, IPUEMBI 1 METOJbI) MOXKHO Obl-
JI0 OBl MPOCTEUTH U 10 HHBIM yYeOHHKAM W KHUTam. ABTOD
MPUHOCUT U3BUHEHUS, HO, K COXKAJEHUIO, TIOJIPOOHOE MUTHPOBA-
Hue ab3ales, GOpPMYJI, PUCYHKOB U T.JI. U3 KPUTUKYEMBbIX yueO-
HUKOB CJIeJIAJI0 Obl HACTOSIIYIO KHUTY IPOCTO “HENOAbEMHON”
HU 110 pOpMAaTy, HU TIO BO3MOXKHOCTH u3jianud. [loaromy, xors
BO MHOTHX CJYYasgX CYTh OOCYXKJIaeMBbIX BOIIPOCOB MOHATHA, B
HEKOTOPBIX CJIyUYasdX MPU YTEHUH KeJTATe/IHHO UMETh IO Py KOl
paceMarpuBaeMble OOIIe0CTYIIHbIe YIeOHUKH (CCBIJIKH B KHU-
re, Kak IIPABWJIO, JAIOTCA Ha HAYAJIO OOCYXKIaeMOro maparpa-
da). Asrop He craBui cebe 1eabo “moapobHO pasikeBaTh’ BCe
CYIIECTBYIOTIHE TPOOIEMBI, HO JIUITH Te3UCHO 0OPATUTH BHUMA-
HUe WccJieioBaTeseil Ha MHOTOYNCIeHHbBIe HECTBIKOBKH, MPobe-
JIBl M TPOTUBOPEYHs 00CYZKIAEeMbIX Da3jiesaoB Gu3nku (HeKo-
TOpBIe KJIIOUeBBbIe CJI0BA W (hPa3bl OTMeTIeHBl aBTOPOM BOCKJIU-
ATE/IbHBIM 3HAKOM WJIM BBIJIEIEHDBI MOJIYyKUPHBIM TIPUQDTOM,
B TOM YHCJIe B IUTATax). B KHUTE, B OCHOBHOM, TIPUHSITHI JO-
CTATOYHO JUILIOMATUIHBIE (DOPMBI COMHEHHS B OOOCHOBAHHO-
CTH CYIIECTBYOIMX Teopuil. JIumb Obl 0OpaTu/in BHUMaHUE HA
oI00HbIE CUTHAJBbHBIE Dpa3bl U 33yMAJIUCh CAMOCTOSTEhb-
HO HaJ BO3HHUKIIMMHU BompocamMu. Torjaa ToJbKO MOSBUTCS Ha-
JIeKIa, 9TO N0 CABUHETCS ¢ MEpTBO#l Touku. KHura moxker
paccMaTpuBaThcd U Kak lIporpamma HEOOXOIUMBIX 100DOCHO-
BaHui#l, u3MeHeHUl U JOUCCACN0BAHUA TeOpUHN 3AeKTPOMATIHUT-
HBIX gBjaeHuil. MTak, mpucTynuM K aHAIU3y TEOPHH SJIEKTPHU-
9ecTBa — B JOOPBIH MyTh MO3HAHMs!



BBenenune

Moé deao — crasamo npasdy,

4 He 3aCMABAAMD 6EPUMD 6 HEE.
(?K.-2K. Pycco)

Craenaem 3amevanue obmero xapakrepa. Boobime rosops,
OIIMCAHHE SBJICHUII C IOMOIIBIO JIEIYKTUBHBIX METOJIOB Teope-
THYECKOH (DUBUKH ABJISETCS, B HEKOTOPOM POJie, YIEPOHBIM H
TOJIUTCST CKOpee I 3allOMUHAHHUS CTYIEeHTaMH, 4eM B Kade-
CTBE HAYYHOT'O MeTo/a: HeoOXOIMMO 3apaHee 3HATh Pe3YJIbTAT,
9T00BI BBIBECTH €ro u3 “obmux npuHimunos” (jga u Jjoboe 06-
HapyzKeHne HOBBIX 3(P(PEKTOB cpa3y HPUBOJIUT K H3MEHEHUIO
HEKOTOPBIX M3 THX CaMbIX “O0IUX  MPUHIUIIOB, 9TO 3apaHee
HUKAK HEe 0OCYKIAETCs U He TPEJIBUIUTCS ).

MpI nepexoiuM K OOCY2KJIEHHIO OIPOMHOTO pazjesa (hu3u-
K, U3y4al0ero 3JICKTPpUIEeCKUEe 1 Mall'HUTHBIC ABJICHUA, pa3/jie-
JIa, KOTOPBI MHOT'UM Y4YEHBIM KazKeTcs 00pa3IioM CTPOTOCTH H
00OCHOBAHHOCTHU W JOCTHYKEHUsT KOTOPOTO JIOCTATOYHO O0TIen3-
BeCcTHbI U Oecciopubl. HecomHeHHO, 3T0 — paboTaiolas Teopus
1 IMOJABJSIONIAs YaCTh OIBITOB, HJEH, MeTOJOB M HapabOTOK
ocTaHeTcd B KOmmake HayKu. Ho 3/mech Toxke He BCE Tak OJ1ecTsi-
e, TaK KakK B 9TOM pazjesie (pU3UKH TPUCYTCTBYET JTOCTATOY-
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HO MHOT'O CIIOPHBIX MOMEHTOB H IIPOKOJIOB, O KOTOPBLIX (hbU3UKaAM
JKeJTaTe/IbHO 3HATh. 10r/1a, BO3MOYKHO, pelnennst 1 0O0CHOBAHUSI
yIacTcs HalTu ObIcTpee.

B sgannom naparpade HauHEM € LpPe/IBAPUTE/bHBIX 3aMe-
qanuii. Beegenue TepMuHa “moa0KuTeIbHBIE U OTPUIIATEIbHBIE
3apsabl’ — He OoJiee YeM OAWH M3 CIIOCOOOB OIMMCAHUS IIPH-
TSKeHUsl 1 oTTajakuBaHus. OmHAKO MOAO0OHBIM crocod Bcermaa
MOPOK/IAET BOMPOC: KaK TH KYCKW YIEP;KUBAIOTCS BMECTE W
He pasjeraorcs? OTcioma BO3HHKAET HeOOXOAUMOCTh BBEICHN
HOBBIX CHJI, YIEPKUBAIOIIHUX OJHOMMEHHDBIE 3aPSIIbl B KOMIIAKT-
HBIX 00bEKTaX, WJIH, 9TO eIIé XysKe, HCKYCCTBEHHOIO IPUBJIeYe-
HISI TOYEUHBIX OOBEKTOB, MNPUBOIANINX K OECKOHETHBIM BEJIH-
quHAM /I psijia PU3UIECKUX XapPaKTePUCTHK.

WNneonorusg mosd mpeanoJiaraeT HEBO3MOYKHOe: BHeCeHHe
IPOOHOTO 3apsiiia BOBCE He BJIMsET HH HA 9TO (HU HA 3apsijibl,
HU Ha TeJa, HU Ha WX JBUKeHus ). Kak, HampuMmep, yaepKaTh
BeIecTBO OT mnoJsgpusanuu’! Boobie roBopst, uaeoJ0rud moJid
CTAJIKUBAETCH C TPYAHOCTAMHU YZK€ IIPU KOJUYECTBE Tej O0JIb-
IIIeM HJIM PABHOM JBYM!

Unest 06 sxBuBajgeHTHOCTH siziepHBbIX cuil |3, ¢.164] mexay
D-P, P-Il ¥ n-N, CKOPee BCEero, CTPOTO HeBepHAa, TaK KaK TOTIa
cymiecTBoBa i Obl DOJiee KOMIAKTHBIE U 0OJiee TsKEJIble M30-
TOMBI (¢ GOJIBITAM KOJHYECTBOM HEWTPOHOB), a HA CAMOM JeJe
JJIA KazKJ0ro 3JIeMeHTa CYIIEeCTBYyeT CBOM OrpaHUYeHHBIH pAj

HN30TOIIOB.

Cama uges BepkieeBckoro Kypca bU3NKA “yBa3aTh HU3JI0-
keune ¢ TO u KBaHTOBO# MeXaHMKO” HaCTOpParKUBaeT: Kak
MOZKeT KCIepUMeHTAIbHbBI peaver (Beunas [Ipuposa) 3aBu-
CeThb OT YUCTO TEOPETUIECKUX YyMO3AKJIOUeHHil (BBIKDYTAacOB)
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KOHKPETHOI'O CeroJHAIIHero BpeMeHI/I?

Ha npumepe nameit ejuncrsennoit Beesiennoit Mbl 1oBce-
MECTHO HaDJII0JIaeM aCUMMETPHUIO MEKJIy MaTepueil U aHTHMa-
Tepueil (MOKa He MOHATYIO TeOpeTHIecKn). Bo3MoKHO, crabas
ACHMMETPHS CYNIECTBYeT U Ha Oojiee TiiybunuHOM yposue. [lo-
9TOMY He CTOUT CTPOTO TOCTYJIMPOBATH TOJHYIO 3aPsI0BYIO
CHUMMETPHIO 4acTuIl 1 antudactu [4, ¢. 19] (Bunosne Moxker cy-
MIECTBOBATDH UCUYE3AIONIE MaJad PA3HUIA B 3apsiax U He OJUH
“3/1eMeHTapHbBI 3apsiT’, & HECKOJIBKO BEJIMYINH, WK, BOOOIIEe HI
onHoit). Hampumep, CyImecTBYIOT MHMOTe3bl O HAJIUYIUA Y CBe-
Ta MaJIOro 3apsiia (MoKa Takas Majas BeJUINHA FKCTePUMeH-
TaJbHO He 0OHapyzkuma). Jliist onpe/iesieHns BeJMIuHBI 3apsijia
CYIIECTBYET TOJIBKO OJINH c11ocob — cutoBoit. [losTomy, B yTBEp-
JKJEHHH O COXPAHEHWU 3apd/da HaJI0 yKa3biBaTh, UTO BCE
3apsaabl JOJIXKHBIL (“CUMMETPHYHO”) TIOKOUTHCS, MOCKOJIbKY
9JIEKTPOMArHUTHAs CHJIA 3aBHCUT OT CKOPOCTH JBUKCHHUS 3a-
psiia (M HAJIO eIE ONPEIeINTh, IKCIEPUMEHTAIBLHO K 9eMy OT-
HOCHTH 9Ty 3aBUCHMOCTb — He K 3apsny Jju?). CTpyKTypy u
CBOWCTBA 3aDSKEHHBIX YacTHI[ (CaMO CyIIecTBOBAHHE 3apsijia)
MOKa He O0bSICHUIN HU KIACCHIECKAs, HU KBAHTOBAs MEXaHMU-
Ka, TAK 9TO HE CTOUT UCKYCCTBEHHO KAKYIO-TO OJHY H3 TEOpUil
BO3BBIIIATH, B TO BpeMsl KaK BTOPYIO — NPUHUKATH, a HAI0 Oe3
SMOIHUI B3BENUBATDH BCE ILIIOCHI U MUHYCHI JIAHHBIX TEOPHii.

B yuebnuke [5| MHOrEE BOMPOCH! “BBIBEPHYTHI HAW3HAHKY :
BpallleHre JHCKA, OYEBHJIHO, JTOKa3bIBAET MPOTHBOPEUYUBOCTH
CTO (rak Kak COKpAIleHHe JIJIHH MPHIHCHIBACTCS KHHEMATH-
YECKUM CBOMCTBAM HPOCTPAHCTBA), & HUKAK HE HEOOXOIUMOCTh
“cioxkHBIX JgedopMannit’; abCoJIOTHO TBEDPIOE TEJIO B KJIACCH-
Ke JIUIIb O03HA4YaeT, YTO OT ero MaJjbliX jedopmaruii MOKHO
OTBJIEYbCS TPU OMUCAHUU HEKOTOPOrO0 KOHKPETHOTO SIBJIEHWUSI;
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IPUPO/Ia HUKAK He OIPAaHUIUBACT CKOPOCTD Iepegadn BO3/eii-
CTBHIT (A CO CKOPOCTHIO ¢ PACIPOCTPAHSIIOTCS TOJBKO | 3J1eKTPO-
MaTrHUTHBIE B3AUMOJIEHCTBHYS); 14 ¥ TOYEYHOCTD JIeMEeHTAPHBIX
JaCTHIL — OYeBUAHAs (M SKCIEPUMEHTAIBHO JaBHO OIPOBEPI-
uyras) roynocrs CTO, a nukak we rpeboanue IIpuposipr.

[lepeiiiém Tenepb K MOCAEIOBATEALHOMY aHAJIU3Y JTAHHOIO
paszena GU3NKH (TEOPUH 3JIEKTPOMATHUTHBIX SIBJICHUIT ).



I'maBa 1

DJIEKTPOCTATUKA

Hauném ¢ camoro mpocToro — ¢ aJjekTpocTaTuku. K coxkasne-
HUTO, HU UJI€0JIOTHS TI0JIsI, HU WAE0JI0THSI TOTeHIINA 8 He TOMO-
raloT HATJIAJIHO PEHaTh JazKe 3JIEKTPOCTATHICCKUE 3aIa49d [T
caydas 6oJiee OHOTO Tesa (yPaBHEHUSA OCTAIOTCS Y PABHEHUSIMI
Jutsi GOPMAJIBHOIO PEIeHust ).

YVrBepxkenne Peiffumana, 9T0 “3JIEKTPOCTATUKA — ITO €CTh
3aKOH [‘aycca maioc. ..” MOXKeT 03HAYATh TOJbKO OJHO: YpaBHe-
HUsI 9JIEKTPOCTATHKN HEI00MPeIeIeHbl (He CAMOIOCTATOYHBI ).

VTBep:KIeHHe O HEBO3MOKHOCTH PABHOBECHS B JIEKTPOCTA-
TUYECKOM I0JIe — 3TO YTBEDKIAEHUE YUCTO /I MOJIETBHON 3a-
JTadM, TaK KaK peaJbHbIe 3J1eKTPOHBI I HPOTOHBI 00IaIa10T KPO-
Me 3apsijia elé U MarHUTHBIM MOMEHTOM (He CyIecTByeT du-
CTOM 7EKTPOCTATHKY JJIsl JaCTHIL CO cmHOM). U1 mouemy pas-
HOBeCHe JIOJIZKHO ObITh CTATHYIECKUM (MpH TeMmieparype abco-
JIFOTHOTO HYJIS 9TO JiK?), a He JuHamudeckuM? Bemb TBépaoe
TEJIO YIEPKHUBACTCS 3IeKTPOMATHUTHBIME CHJIAMH, U MBI MO-
JKeM ero HCIOJIb30BaThb Jid ¢ukcanuu. /la u cam dakr cy-

16



Imasa 1. SuexTpocrarnka 17

MIECTBOBAHUSA MOHHBIX KPUCTAJUIOB MPOTUBOPEYUT IMTOT0OHOMY
YTBEPZKJICHUIO.

CTporocTh ypaBHEHUIT 3TeKTPOCTATHKI B BAKyyMe B TOUHO-
CTH paBHA CTPOTOCTH €IMHCTBEHHOI'O 3aKoHa — 3akona Kysona
B BaKyyMe, I HAUMHATH U3J0KEHUE CJIeyeT, KOHEYHO 2XKe, C 3a-
koHa Kynona B Bakyyme. OTHAKO MTpezK/ie YeM fieJlaTh KaKue-TO
abcTpakTHbIe 0000IIEHUS HA CJIydail HAJTMYUS BEIECTBA, HYZK-
HO OIPEJIETUTD, UTO Ke Mbl TOHUMAEeM 10/, oJieM (abcTpakTHOe
’Ke BBejeHne pesndnbabl D cpasy 3apybaer oOIIHOCTH ypaBHe-
Huit). EnxuHCTBeHHAS BO3MOXKHOCTH — WITH, KaK U B CJIydae
BaKyyMa, UCIOJIB3yd CHI0BO# moaxoa. Torma mos cuiioit, aeii-
CTBYIOIIE Ha 3apdad B AMIJEKTPUKE, €CJIN OH HE KUJKU 1 HE
ra3006pas3ublii (Korjaa He BOSHUKAET MPoOJIeM), Hajl0 MOHUMATh
CUITY, IEHCTBYIONIYIO Ha 3apsii B MOJIOCTH (cyrerka 6obInei pas3-
MEpPOB 3aps/ia), KOTopasi BbIpe3aHa B JJaHHOM Judsiekrpuke. Ho
Torja Jydine (M MpaBuibHee) HCXOJUTh U3 3aKOHA CHJIbI

_ q192
e(r,X,Y, Z)r?’

rje B o0meM ciydae (pyHKIMS € 3aBUCUT TEIEPb U OT T'€OMeT-
PHUYECKHX XapaKTepucTHK obpasma. OTcioga MOXKHO IOJIYdaTh
nuddepenimaababie 0000IeHNs 1151 HanboJ1ee NCIOJIb3yeMbIX
JACTHBIX CJIydaeB (M TOJNBKO Takoii moaxon Oymer Ge3 obma-
Ha). B peanbHoii dbusudeckoil curyanuu (a He JJIg MOJIETbHBIX
MaTeMATHIeCKHUX 3a/1a4) IePeXoJl OT 3KCIePUMEHTATbHO IPOBe-
pseMOro KOHKpeTHoro 3akoHa Kymona kK auddepeHmuaIbHbIM
ypaBHEHHSIM B YaCTHBIX TPOMU3BOIHBIX HECKOJIBKO COMHUTEIEH,
TaK KakK TPeOyIoTCs JIONOJHATENbHbIE | yeaoBus (HAYAIbHDIE
YCJIOBHSI TIPU IEpexo/Ie K 3JeKTPOANHAMUKe, TPAHUIHBIE YCJIO-
BUS, YCJIOBHS KATUOPOBKH ), KOTODBIE HE OLPEJEIAI0TCS U3 Tep-
BBIX [IPUHIIUIIOB (HATIpHUMED, KaauObpoBka). Kpome Toro, Hanpu-
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Mep, peajibHble I'PaHUYHbIE YCJIOBHS BCerJa (DIyKTYHPYIOT, a
BeJ(b IPAKTHIECKHH CUéT HaumHaeTcsa “c KoHna” (1a u JJist pas3-
HBIX 3aJa4 yObIBaHHE HA OECKOHEYHOCTH PA3JIMYHO B PEIleHH-
AX, HO HEOTJIMIMMO Ha TPAKTHKe). 3apaHee MOIYIHUPOBATH Pe-
ImeHne HeKOTopoit cumMerpueirt? Ho 910 BO3MOKHO HOACYUTATD
IPAKTHYECKH TOJBKO 711 HEKOTOPHIX YACTHBIX CJIydaeB (a He
JTs1 TPOM3BOIBHON TeOMETPHH ), Ja U JIJIA HUX YCJIOBHE CHMMET-
PUH — 3TO HAIlle MIPeCTABIEHHEe O JAHHOM Ipotiecce (emé oIHO
JOTIOJIHUTEIBHOE YCJIOBHE), KOTOPOE TOXKe XOTEeJ0Ch Obl TPpOBe-

PUTb HE3aBUCHUMO.

J71s1 3/1eKTPOCTATHKY PsiJT MOHATHIT (HATIPHMED, TTOTeHIIHA)
MOZKHO BBECTH CTPOIO MaremMarudecku (4, riasa 2, c. bl|, HO B
obIeM ciIydae 9T0 yxKe He coBceM Tak. llpm cyxkenuu cdepu-
YeCKOH 3apAXKEHHON 000JIOUKH JIEHCTBUTEIBHO MOXKHO CTPOIO
(MaTeMaTnueckn) BBeCTH (DYHKIIUIO JIJIT SHEPIUU TOJIsl, TPOCTO
B 9TOM YaCTHOM CJIy4ae MMoJe B OCTAJTbHOM YacTH MPOCTPAHCTBA
He MeHsiercs. A B o0IeM ciydae CyIecTBYIOT “00baCHUTE Ib-
HbIe” TPYIHOCTH: €CJIM Mbl U3 HEHTpaIbHOU CHCTEMBI 00pa30Ba-
JIA JIBE 3apsizKEHHbIe CHCTEMBI, TO OYEBUIHO, ITO HA 9TO CPABY
3aTpaveHa HEKOTOpas Heprusi (MOsBIJIACH HOBas HEHYJeBas
HOTEHIUATbHAST SHEPIHUs TAHHONH KOHMUTYPAINN), HO BeJb O-
Jle HA9HET yCTAHABINBATHCS BO BCEM HIPOCTPAHCTBE, Jia eIé
n mocTteneHHo. Kak e OBITh ¢ PABEHCTBOM MOTEHIIHATIBHOM
SHEPTWN W JHEPTUH MOJIA MO BeeMy mpocTpaHcTBy! Bemsh mpu
0OPAaTHOM BOCCOETMHEHUN (HEHTpaJN3aInm) TOXKe JOCTATOIHO
yianénubie (6eCKOHEUHO) 00IACTH CMOTIH OBl OKA3aTh BJIUSHIE
TOJBKO 4Yepe3 GOIBION TPOMEKYTOK BPEMeHH, HO K 3TOMY MO-
MEHTY CHCTeMa yxKe OyneT HeHTpaJbHON M BOBCE HE CMOXKET
B3aNMOAECHCTBOBATH C MOJIEM.

Ecau ObiTh mpemenbHo crporuMm, To guddepeHnnabHas
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dopma 3akona ['aycca BbIBojuTCA Ipu (PUKCUPOBAHHOI KOH-
durypanuu, u TO, YTO €€ MOXKHO BBIBECTH s JIIOO0ro 00bE-
Ma He 00eCIeYnBaeT PaBEHCTBO HOABIHTEIPAJIBHBIX BbIPAXKEeHUH
n3 paBeHcTBa camux mHTerpasos! Tlouemy mMbl 00st3aHBI CUn-
TaTh BELIECTBO “aME000Opa3HbIM”: CKOJILKO He J00aBJisiil, HU-
9ero B HEM He MeHseTcsl (KadecTBeHHO)? Ilodemy HEOOXOMUMO
MOCTYJIMPOBATh, YTO CUCTEMa B IEJ0M “HE YyBCTBYET CBO-
X COOCTBEHHBIX T'paHHuIl! BIojiHe MOTyT OBITH IIePHOIUICCKHE
JTOGABKH, 3aBUCSINHE OT CBOMCTB CHCTEMBI B IEJOM (B 9acT-
HOCTH, OT €€ Pa3MepoB, U KOTOPbIE IIPHU KayKJIOM HOBOM O0bE-
me 6yyr HOBBIMI). Hanpumep, 9T0 MOXKET COOTBETCTBOBATH
HEKOTOPBIM COOCTBEHHBIM KOJIEOAHUSIM CHCTEMBI (THIIA CTOSTINX
BOJIH) MJTH OTPAYKATH CTATHIECKYIO IEPUOJIUIHOCTH CTPYKTYPHI.
Takum obpasom, auddepeniuanbaas popMa ABILETCSI MeHee
CTPOroii, YeM 3KCIepruMeHTaIbHbIH 3aKoH Kysona. Anajormd-
HOe 3aMevYaHue MOXKHO cliejlaTh K Teopeme CTOKcA.

Takum obpasom, Hake HaYAIbLHBIN B3TJISA Ha TaKOil g0cTa-
TOYHO IIPOCTON pa3fies, KaK 3JEeKTPOCTATHKA, YK€ BBI3BIBAET
HEKOTOPbIE BOIIPOCHI.



I'taBa 2

JIm3aeKTpuKn

[epeiigém Tenepnb K au3jeKTpuKaM. PABeHCTBO BEJIUYUHBL 110-
JIg B IIeJigX B amdjekTpuke jmbo E, mmbo D B 3aBucumocTn
OT OPHMEHTAIMN IIEJU He yCTAHABJIMBAJIOCH IKCIEPUMEHTAILHO
(Tak Kak Mbl UMeeM 3JIeCh JIeJI0 He ¢ 3aKOHAMH, & C Olpejese-
HUSIMH ); 9TO PABEHCTBO TOJIBKO JIEKJIAPUPYETCs Ha OCHOBE BePhI
B ypaBHeHHUs djeKTpocraruku |3, ¢. 225|. Muorue 3agaqan (1a-
kKe JIIg OOBIYHOM BOJBI) “pemaiuck”’ Mocse MOANIs/IbIBAHUS B
oTBeT (B UM JKe IpejcKa3aTeabHast cuia Teopun?). AHAIOrHS
¢ JKUIKOCTBIO [3, ¢. 250], eciu c1e0BATH HCTOPUIECKOMY Iy TH,
ObLi1a 00pATHOH — ypaBHEHUs JI€KTPOIMHAMUKE (a, 3HAYUT, U
UX perrenns) ObLIN BBEJIEHBI 0 AHAJOIHU C MOBEJCHHEM HJie-
AJbHON KHUJIKOCTH.

To, 4TO MOTEHIHMA NOJA B JUIJIEKTPUKE PABEH CYMMe IIO-
TeHIuaaoB |6, maparpad 21, c. 104] — rumoresa (Tak Kak Bo3-
MOZKEH elIé U IIOTEHIMAJ B3aUMO/IeHCTBUSI), HE TOBOPs yZKe O
TOM, YTO TOYHOE IOBEJEHNMEe MOTEHIHA/IA CBA3aHHBIX 3apsaOB
HA MAJIBIX PACCTOSHUAX TOXKE HEM3BECTHO. Y TBEPKJICHHE, ITO
CBSA3AHHbIE 3apSAJbl B JIM3JIEKTPUKE IIPH PABHOMEDHOH MOJIAPH-
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3AIMH COCPEIOTAYMBAIOTCA HA MOBEPXHOCTH — YUCTO (hOpPMaIb-
HOe (MaTeMaTHdecKoe), TaK KAk 3aBHCHT OT TOYHOCTH H3Mepe-
HUs 9TUX BEJMYUH U Pa3MepPOB, 10 KOTOPBIM Mbl YCPEIHSIEM B
peahbHOCTH (TOYHee, ycpeaHsieT cam npubop). YTBepKaeHue,
9TO B OTCYTCTBHE BHEIIHUX IOJEil MOJsipu3aiyst paBHa, HYJIIO,
TOXKE 3aBUCUT OT TOYHOCTU H3MEPEHUH U MacCIITaboOB ycpej-
HEHUS: MPOCTO IPH ITHPO- U MHE303JIEKTPUIECTBE STH ABICHNAA
SIBHO OOHAPY?KUBAIOTCS B MAKPOMACIITA0AX U BBIIAIAIOT U3 00-
IUX TPEJTOT0KEHNH (TPOKOJI), MOITOMY O HUX HeJIb3sl He YIIO-
MAHYTH. [IpOnopIuoOHaIbHOCTD MOISIPU3AIUMT BEINIHHE OIS —
TOKe 3aBUCAT OT MACIITa00B (pazMepoB OIHKHETO U JAJTbHErO
HOPSIKA).

[TocKObKY €IMHCTBEHHOU peaJbHO H3MEPHMON BETUINHOMN
OKAa3bIBAETCS JEHCTBYIONAs CUIA, TO BBEICHUE JIIOOBIX OO
HUTEJIbHBIX BeJINYUH (HATPUMeED, 3JeKTPpUIecKoil naaykiun D
B JIM3JEKTPUKAX) — IIPOCTO ONpejiesieHne (MaTeMaTH9ecKkoe)
HEKOTOPO# HOBOH BEJIMYUHBI, U B JIU IIPEICTABISIET CaMO-
CTOATE/ILHBIN UHTepeC Jid (PU3HKHU MOBeIeHne 3TuX (QyHKIUM
u ux rpaduueckoe npeacrasiaenue |6, ¢. 112]. 3aBucumocts P
ot E B 06111eM BHjie He MOKET OBITH ompejieeHa (1 MOXKeT OKa-
3aThCA CJIOXKHEee, 9eM TeH30pHast 3aBucuMocth). “TlomHas cucre-
Ma ypaBHEeHHUil seKTpocTaTudeckoro nos’ [6, maparpad 22, c.
108]

E = —grady, D =¢E,

divD =4np, Ds, — Dy, = 4no

- BECbMa OIPAaHUYEHA: B HEll CBOMCTBA JUIJTEKTPUKOB U PaCIpe-
JeTeHHe 3apsiIOB 331aI0TCsT He CAMOCOTIACOBAHHO U TPOU3BO.Tb-
HO, a ToJIst (CHJIbI) — OYJIYT Te, KaKue MoJydarcs (pacaéTHbie).
Jaze ¢ MaTeMaTn9IecKoil TOUKH 3PEHHsI CHCTEeMa BEPHA TOJBKO
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IIPU HENPEPBIBHOCTH TOTEHIHUAJIA U IIPU OIPeJIeTEHHOM I0Be-
JICHUU 110J1s1 Ha, OECKOHEYHOCTH, B TO BpeMsi KaK B (PU3UIECKOM
PeaJTbHOCTH BCETrJla HEKOTOPbIE CHJIBI OYIYT CYIIECTBOBATDL HMPH
6os1ee MMUPOKNUX YCIOBHUSIX (OAHO3HAYHOCTH CHCTEMBI TOXKE J0-
KazaHa [IPU ONPEJICJEHHBIX OIPAHUYUBAIONIMX TPEJIIIOJI0XKEHN-
ax). CucreMa He OMUCHIBACT JIUIJIEKTPUKH U [OJIe TIPU HATHIHH
CErHEeTO- W MUPO3IEKTPUIeCTBa (& Be/Ih B H/IeaJle OMUCAHNE €1~
HOTO SIBJIEHUSI JIOJIZKHO OBITH €JIUHBIM ).

Mozker Jin cyiecTBoBaTh B IIpuposie o HOPOHBIN J1d/1eK-
Tpuk (¢ = const) |6, maparpad 23, c. 113, coxpansironuii cBon
csofictBa mpu meognopoauoM nose E(R) — Bompoc x Oubiry.
U 3a01H0 cTOMIO OBl HPOSCHUTD, KAK IKCIEPUMEHTATBHO MPE/I-
[oJaraeTcd U3MepsaTh ITO caMoe €: ecju 4depe3 3akoH Kymnona
(a, TTO-BHIMMOMY, 9TO €JJMHCTBEHHBIN CII0C00), TO IMEHHO Yepes3
3akoH KyJIoHA U HAZIO BBOIUTH ompeieenne £ (1 0606IaTh ero
Ha CJIydail MPOM3BOJIBHBIX HEOTHOPOJHBIX U HEJIMHEHHBIX CPeJ).
V100CcTBO Ke PabOThl ¢ MATEMATHIECKIMU CUMBOJIAME JJIs1 (hH-
3HKH — JIeJIO BTOPOCTEIeHHOE (eC/IH, PA3yMeeTCsl, HCXOIUTh U3
HMPAKTHYECKUX MOTPEOHOCTEN peajibHbIX SKCIEPUMEHTOB, a He
U3 JKeJIaHWd UMeTh HECKOJIbKO YHCTO “aKaJeMHYeCKHX MaTe-
MaTHYECKUX DellleHnil 6e3 NMPUBA30K K peajabHocTH). Boobiie
rOBOP4, BBeIeHTE KOIDDUIIMEHTA £, XapaKTePU3YIOIIETO CPeIy,
IIPE/IIOJIATaeT, 9TO BCE 3apsi/Ibl, BKJI04Yas IPOOHBIH, ITOTPY2Ke-
HBI B 3Ty CPeay, a eé pa3Mephbl HAMHOI'O IIPEBHIIIAIOT PACCTO-
sdHAe MeXKJIy HamboJiee YIAJEHHBIMA JIPYT OT JApyTa 3apsIaMu.
Torma MoxkHO BBOAUTH Ompejiesenne € depe3 3akoH Kymona. Ec-
JIM K€ 9TO He TaK, TO Mbl HMEEM He CPeJLy, a TeJIO U HAJL0 JI0IO0JI-
HUTEJIbHO YUYHTHLIBATH €TI0 FeOMeTPUYECKUEe XapaKTEePUCTHKHU U
B3aMMOpPACIOJIOKeHue ¢ 3apgaiaamu. Vaeosorug “morpyzkeéHHo-
cTr’ B JUIJEKTPUK IMPEAIoJaraeT, 9YTo IPaIueHT I0JId 3apsi-
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JIOB IIPH IIOI'PYZKEHUN B IUIJIEKTPUK MEHSeTCd HeCYIeCTBEHHO
Ha PACCTOSHUSAX TMOPIIKA PACCTOSHUS MEXKIYy TEMH MOJEKY/Ia-
MH JU3JIEKTPHUKA, KOTOPBIe “pa3iensl’’ HeKOTOPBIA BBeIEHHBIN
MezKJly 3TUMH MOJIeKyJIaMu 3apsa/ (HHadYe HAJ0 YIUThIBATh 0~

HOJIHUTEJ/IbHBIC HOJIAPHU3allMOHHbIC Sapﬂﬂbl) .

Pacuér mnosst TouedHoro 3apsiia B JUIJIEKTpUKe |6, Tmma-
parpad 23, c¢. 113]| BbimoHeH TPUbGIMKEHHO, TAK KaK 3apa-
Hee TPeJINo/IaraeT BO3MOXKHOCTH OJHOPOIHOI TMOSIPU3ANNAT B
HEOMHOPOIHOM TOJIe, UTO HEOUeBHJHO (HE YUUTHIBACTCS BO3-
MOKHOCTb BO3HUKHOBEHHSI HEOJHOPOJHON ILJIOTHOCTH 3aps/IOB
N(r)).

SaMeHa MeKMOJIEKY/ISIPHOTO MOJIsA, 3HAYUTETHHO MEHSIIOTIIe-
rocs mo aMmuTyjie (n Hanbosee CyIeCTBEHHOTO JIIs COCETHUX
MOJIEKYJT), HEKOTOPBIM “Mée/ITIEHHO” MEeHSIFOMUMCsT ¢peTHuM (60-
Jee cyiabbiM) moJieM [6, maparpad 28, c. 129] — npasnononobHas
TUIIOTe3a, JAefiCTBYIONad CIydailHO 11 HeKOTOPBIX BEIIeCTB H
TaK K€ CJIy4daiiHoO He JICHCTBYIOIAA JJId JPYTUX BEIIeCTB (Ho—
sromy obobuienue gopmysibl Jlopenn-Jlopenria st jus/iek-
TPHUKA € JUMOJSIMH 9aCTO HEBEPHO — HE HMOJTBEPZKIAETCI IKC-
nepuMeHTa bHO |6, maparpad 29, c. 133]). Boobie, cmbics Beex
THX TEOPETU3UPOBAHUN MOT ObI OBITH TOJIBKO TOIJIA, KOTIA U3
TIEePBBIX TPUHITUIIOB (a HE U3 TOACMOTPEHHOT'O B IKCIIEPUMEHTE
OTBETA) MOKHO YCTAHOBUTH YHCJICHHBbIE 3HaYeHUsT KO-
enToB. Ho 9Toro B yueGHUKAX (Ja U B T€OPWH) MOKA HET!

CrpaHHO, YTO B PEAJBHOCTH JUTEKTPUK (TBEDAbIA I
KUJKA B 000J09Ke), MOMENIEHHBIH MeZK /Ty 3apsiZKeHHBIMHU 1A~
crunamu, yBesumaupaer (1) cuily HPUTSKEHUS MEXKIy HUMHE, &
He YMEHBIIAET, KaK, Ka3aJ0Ch Obl, JOJKHO ObITh, €CJIH BCIIOM-
HuTh 3akoH Kynona u nongarue €. Ho ecom gudjekTpuKk »Kuji-
KW, ¥ TUWIACTUHBI TTOJTHOCTBIO IOMEIEHBI B AUIJTEKTPUK, TO CHJIA
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npuTsKenus ymenbinaercs (!). TlodeMy HOMEHsIICS CMBICT Be-
auaunbl € (em. [7])7 Tlo-Buammomy, 9T0 BOIPOC O TOM, IIDHH-
I CYHEPHO3HIUHE JeHCTBYeT TOJBKO B BaKyyMe, HJIU K€ B
cpene — Toxke (JHOO KpoMe CyTepIO3uIiu MoJeil urpaer poJib
SKPAHUPOBKA 110JIs CAMUMH aToMamu 1 MosteKyaamu)? Jeso B
TOM, UTO HepeMeleHus (1azke BUPTYaJbHbIe) U H3MePEeHHs MO-
I'YT TPOBOIUTLCA TOMBKO MEXKJLY JIMIOJbHBIME MOJIEKYJIAMH,
a B 3TOM CJydYae M3 PHCYHKa 2.1 BUIHO, 9TO NOJIsI YBEJUIH-
JUCh (M cutbl!): TaK Kak HamKpaTdaiilue paccTosHus OymyT

v = |-
= = |-
- v = |C

++++ + + +
|

Puc. 1: ITone Mexxay TUTIOTSIMH.

70 3apsiJIoB MPOTHBOIOJIOZAKHOTO 3HAKA (71a W €CJIM OIECHUBATH
IO MOTEHINAJY, TO TOYKe — BMEeCTO HYJIeBOTO TPaNeHTa 100a-
BUJICSI I'DAJIMEHT HY?’KHOI'O 3HaKa, yBesmaupBatoniuiit mose). Ho
B CJIy4ae MOJHOTO MOIPYZKEHHs B JUITEKTPHK, KAa3a710Ch OBl,
[IPU YUCTOM CyNEepPHO3UIUU CUIbI BOODIIIE He JI0/IZKHBI ObLIN 13-
MeHUThCs (B0 JOJIZKHBI ObLIN U3MEHUTHCSI OUeHb CJ1abo, Tak
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KaK pacCTosHue ApYr 10 Apyra OT AU3JIeKTPUKOB 3a ILJIaCTUHA-
MH OTHOCHTEILHO Bennko). CiegoBaTebHo, HAA0 yIHTHLIBATD
skpanuposBanHne! Toobko B 9TOM claydae € MOXKeT CUUTATH-
s KOHCTAHTOM (M He MOSBUTCS 3aMeTHOIl HOBOM 3aBHCHMOCTH
OT PaccTosiums). AHAJIOIMYHO, UHTEPECEH BOLUPOC O BJIMSAHUAH
BEIIECTB HA MArHHTHOe Iojie (IIOYeMy CYIIeCTBYIOT U Jua- U
napaMarHeTuKU; TAKKe, COrJIaCHO UCIO/Ib3YEeMbIM Y PDaBHEHHSIM,
aHasiorus dpeppoMarfeTusMa U OCTATOYHOH IOJAPU3AINU, Ka-
3aJ10Ch OB, JOJZKHA OBITH GosIee MOTHOIT).

[MonsiTre IUIIEKTPUIECKO npoHunaemoctd B [4, m.9.1, c.
294] BBOAMTCS € TIOMOIIBIO EMKOCTH KOHJEHCATOPA W MTPEIITO-
JlaraeT MOJIHYI0 MUKPOCKOMUYECKYIO OAHOPOIHOCTD Beeii
cpenpl (BKIIOYAs CAMU [LIACTHHBL!) U MpeHeOpesKeHne KPaeBhl-
mu adderTamu (370 BAEYET METOHMIECKYI0 OIPAHUYEHHOCTS ).
[To cyTm, 11060#f U3 METOIOB CTPOTO TOBOPSI IPEICTABIAET CO-
Ooii BBejieHre HEKOTOPOro 3(p(PEeKTUBHOTO € JIjid JIAHHON KOH-
dburypanuu (a nepexos kK £(x,y, z,t) = const ocyuecTBIsIETCS
TOJHKO YMCTO MATEMATUYECKH ). ECTeCTBEHHO BOSHUKAET BO-
POC, KaKWe W3 BEJWIHH COXPAHSIOT CBOi (TeopeTnveckuii u)
SKCIEePUMEHTAJBHBIN CMBICT B Oos1ee obiieM caydae? U mameko
HEe OYeBH/IEH IePeXo/l 0T TAKOI0 BBOAMMOrO MCKYCCTBEHHO-
ro KeJjie € = const K peajabHOH MUKDPOCKOIMUYECKOH CTPYKTY-
pe BemecTBa (CKOpee, 371eCh MPOCTO KaXK/BIH pa3 MPOUCKOIUT
[IPUCBANBaHWe BeJTHIMHAM HYKHOTO YHCIEHHOTO 3HAUEHNUS ), TO
€CTh MBI UM€eM He CTPOroe, a MPUOIMKEHHOe OIMUCAHUE sSBJIe-
HUi (KaKIBIH pa3 ¢ Hy KHBIME “TIPABIONO00HBIMA 3aKTHHAHN-

amu’”).

MysbrunosasHoe onucanue [4, 11.9.2, ¢. 297| npubankEHHO
BEPHO TOJILKO J/151 OOJIbINUX PACCTOSHUNA OT CUCTEMbI 3aPA10B.
Jazke 151 IANOJIA, KOTOPBIM MOCTOSIHHO HOJIB3YIOTCS TEOPeTH-
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Ki: “peasibHbIi’ IUIIOIb —
q—0o0, 1T—0, gr=const

— HeocytecTBuM B llpupome. HeTounwiMm sBiIsieTcs mpenoso-
JKeHNEe O HeM3MEHHOCTH DPACCTOSHUN MEXKIy 3apsaMu JIHUI0-
ad. Boobmie roBopst, KBaHTOBas MeXaHHKa — 3TO OTPOBEpZKe-
HUe 37eKTPOJNHAMUKA B MUKPOMACIITabaX, M CCHLIATHCS 3/1eCh
Ha Heé I “IpaB/IoNo00HBIX 3aKINHAHUN B I10JIb3Y 3JIEKTPO-
JUHAMUKH HE KOPPEKTHO (ECTECTBEHHO, JIJIs 9JIEKTPOIMHAMUKH
OCTAIOTC MPAKTHIECKHE BOTPOCHI: MOYKHO JIN PACCMaTPUBATH
KazK/Iplil arOM KaK CTaTU4ecKoe paclipejiesienne cdepudeckn
CUMMETPUIHOTO 3JEKTPOHHOIO ObJIaKa BOKpYT dapa ¢ p = (
" ap.).

Korna B [4, . 9.8, c. 315] “cobupaior” mWIOTHOCTH HOIAPU3a-
uu U3 N MOJIEKYJISPHBIX JUTOJIEN, TO B 9TOM €CTh IO XUTPO-
ctu. MoseKysibl HaX0oasATCs B OECIIOPAI09HOM TTOCTYIATEHHOM,
BpAaIATeJbHOM U KOJIeOATETHHOM JTBUKEHUSX, MEKIY MOJIEKY-
JIAMH €CTb IIPOCTPAHCTBO U T.71. [loaTOMy MOXKHO TOJIBKO yTBED-
XKaaTh “no pakTy” , 4TO ycraHaB/auBaercs HeKoTopas 3 deK-
TUBHASA NOJAPU3AIYs, 3aBUCAIIAsi OT T€OMETPHUU OIbiTa (1
CBSI3b €€ ¢ MUKDOBEJIMIMHAME OCTAéTCsl CKPHITOiil), na u mpu-
PABHUBAHUE TOJI MOJTIPU3OBAHHOTO BEIIECTBA U MO JBYX 3a-
DSKEHHBIX CJI06B — JIUIIb HEKOTOPOoe npubsnzkenne. Bee 3aps-
JIbl B aTOMax M MOJIEKyJaxX Haxoadarcs B apuxkenuun. U ¢ yué-
TOM COXPaHEHUS OPOUTAJIBHOTO M CIIMHOBOTO MOMEHTA
YUCTO C TOYKHU 3PEHUA OOIMIEIPUHATON JTEKTPOIUHAMUKH BPS/I
JIM MOZKHO YTBEP2K1aTh, 4T0 BHyTpH BerecTBa rotE = 0. Cko-
pee moxkeT ObITH Jnbo (rotE) = 0, mmubo (rotE) = const u
IPAaKTHYECKH HE MEHSIeTCsI B CTATHYECKUX TMOJIsIX (M He BJIHSET
Ha jaHHblil onbiT). [Tosromy Beipaxkenue (E) = —47P apiser-
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cs mpocto onpenesieHneM >hGeKTUBHON HOJISIPU3AIAH, TaK-
Ke Kak BbIpaxkenus [4, 1.9.9, c. 321] P = x.Fue =1+ 4mx.
SIBJISTIOTCS BCETO-HABCETO OMPENEeIEHUSAMH HEKOTOPBIX BEJIH-
9UH € U X, (BcmoMHETE 00Iee pazindue “B crarycax’ MewKIy
ypPaBHEHHEM, U3 KOTOPOI0 MOZKHO HEUTO Oy YUTh, U OIIPEJIe1e-
HHEM, U3 KOTOPOI'O HUYEro MOy IUTh HeJTb3sI, TAK KaK OHO CaMO
BBOJZIUT B OOpalleHne HOBYIO Beqndnny ). VI3 BeIpazkeHust 3aKo-
ma Kymona B Bemmectse (:kKumkom | Macie) caenyer [4, m.9.12, c.
330], aro cuia (uam mose) ocaaberaer B £ pa3. Ppasa o Tom,
9TO 3apsiJi BHYTpH Jii000# cdhepsl Oymer meHbie () He coBceMm
OYeBUJIHA (3aBUCHT OT YCTPOHCTBA MOJIEKYJ): ecau cdepa co-
JepKUT Bee “ItesIbie” MosieKy bl (CyMMapHbIii 3apsii KazxKoii
MOJIEKYJIBI TOXKJIECTBEHHO PABEH HYJIIO), TO UTOTOBasI BEJTHINHA
oyner B TounocTu paBHa (). He odueBmaHO, 9TO Ccmyia JTOJKHA
yObIBaTh BCEr/a: eC/i B IEMOTKe

e Q

MbI OMECTHJIH IPOOHBIHN 3apsiy ¢, TO JJIsi Hero HanboJiee CUIb-
HOEe BJIUsHHE TOJ:KHO OBITH OT OJIMKAMIIUX coceleil, © OHO
JIOJIZKHO YCUIIMBATH 1oJie (1o KpaiiHeil Mepe, Takoe TozXKe B HTore
MOZKeT ObITh). [lajee, onucanne ¢ MUHUMATBHBIMU H3MEHEHH-
MU IIBITAIOTCA IIPUMEHHTb K ciydaio € = const. Hamnpumep,
BBIOOD

div(eE) = 47p 506

1 IPOU3BOJIbHbBIN BLIOOD OlUCAHU

divE = 47(pepog + Prpam)-

Bcé 3ro onmcanue npuMeHMMO TOJIBKO B CJydae HOJIHO 110-
IPYKEHHOCTH 3apsijia ¥ MPOGHOTO 3apsijia B AUIIEKTPUK (KU
kuit!). A mepexon K mpou3BOIBHON QYHKIMOHATBHO 3aBUCHMO-
ctw €(r, t) ¥ TPOU3BOIBHOM TeOMETPUE HEOCYIIECTBUM B 00IIEM
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cay4dae. Bremgenne pestmamabl D — 3T0 pocTo 04epeHOE HOBOE
omnpezenenue. [lo cyru, 4rodbr n3dexkaTh “KaBEep3HbIX BOIPO-
COB O MbE30- U CETHETOIJEKTPUKAX, BBOIUTCSI U CAMO MOHATHUE
JIMIJIEKTPUKA Kak “BeriecTsa, B Koropom P ~ E” [4, m.9.12, c.
333|, HO pazIMYaTH BEIECTBA 110 JAHHOMY [PH3HAKY Mbl MOKEM
Jiirb post factum.

Onpesenenne IIOTHOCTH SHEPTUE oyt Kak € B2 [4, 11.9.14,
c. 338| umeer Te ke camblie orpaHndeHus: € = const Bcoay! B
OOJBITUHCTBE CJIYYAaeB MEXaHU3MbI MOJIIPU3ATINN KOHKPETHOTO
HOBOTO BeIlleCTBA HEW3BECTHHI 3apaHee (Jaze Jisl JibJa, 9TO
upusHaérea B [4, 1.9.17, c¢. 346]), u pa3aeaurh HOJHBIA TOK Ha
TOK CBOOOJHBIX U CBSI3AHHBIX 3aPSIOB 3aTPYIHUTETIBHO (CyIe-
CTBYeT HEOJHO3HAYHOCTh: BEJINYHH JIBE, & PE3yIbTaT — OJINH),
[IOITOMY lIpeJICKa3aTe/IbHasgd CUJIa TEOPUU JIjis HOBBIX BelleCcTB
HeBeJINKA.

Beenenne Bmecto E HOBOro Bektopa D (Heompesessienmo-
IO 9KCIIePUMEHTATBHO Ge3 JTOMOJTHATELHBIX HHTePIpeTalnii) u
oupejesenne Teopembl [aycca st gusstekrpukos B |8, 1.13, c.
63| siBJIsIETCST TTPOCTO MOCTYIATHBHBIM: MOZKHO IOy MATh, GY/TO
OJIHO CKAJISIDHOE yDaBHEHHE MOXKEeT MOMOYb ONpeIeauTh (Haii-
TH) JIB€ BEKTOPHBIE BEJUYUHBI (IECTh TePEMEHHBIX ).

Yuebuuk [8] (1ocTaTOYHO XOPOIIHil IO YPOBHIO MaTepHasa
U 10 HAaOOpY 3a/ad) B[] JU IIPETHAZHAYCH JII PA3MBIIILIC-
HUA HaJ PYHIAMEHTAJbHBIMIA BOIIPOCAMU, a, CKOPee, JIUIITh JIIsI
3aIOMUHAHHS CTYJACHTAMH TPABIONOMOOHOTO MYTH TIOJIY IeHUsT
3aJIaHHbIX (M3BECTHBHIX) PUKCHPOBAHHBIX pe3ysbraroB. OH He
[IO3BOJISET OTCJIeUTh T€ U3MEHEHUs!, KOTOPble MOI'YT HPOU30#i-
TH, €CJTH HEKOTOPBIE MOJIOKEHUs, IPUHATHIE HA BEPY, OKAZKYTCS
HETOYHBIMHU. PH,ZL BBIKJIQJOK TaKzKe€ HEe OT/INYaeTCdAd MaTeMaTH-
YEeCKOU CTPOTOCTHIO.
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Kak mpaBuio, MHOTHe gBJIEHHUS B3aUMOCBS3aHBI U HCKYC-
CTBEHHAsI MOIBITKA BHIOPATH MyTh MEPEX0/a K KOHEIHOMY CO-
CTOSHUIO TYTEM (DUKCAIIME TeX WM HHBIX MapaMeTpOB 3aBe-
JIOMO HecTpora (Hampumep, He KaxKIblil Takoil mporecc Oyaer
obparumbiM), ga u [Tpuposa BeiGupaer He NpoOU3BOJIBHBIN Iy Th
mepexo/ia, a eIMHCTBEeHHBIH mporecc. TakxKe HECTPOTHM SIBJIs-
€TCs UCIOJIb30BaHNE B KaueCTBe JIMIJIeKTPUKa “Haea IbHOH cpe-
JIBI: HECXKUMAEMOH YKUIKOCTH ¢ MOCTOSTHHOH (HU OT 4ero He 3a-

BHCﬂmeﬁ) JA3JEKTPUIECKON MPOHUTAEMOCTBIO.

[Ipu onucaHun MOJSAPU3ANUN TOJIAPHBIX JUITEKTPUKOB |8,
.36, ¢. 148] orenka crabocTh HHIYIHPOBAHHOIO MOMEHTA Cl1e-
JaHa g cpegnero MaxcsennoBckoro moJsd E, HO MEKpPOCKo-
[IAYECKOoe I10JIe MPHU YIOPAI0YeHUN MOYKET CYIIEeCTBEHHO OTJIH-
JaThbCd, U Hy2KHa OIlCHKa BJIUAHUA 3a BpEeMEHA ,ZLGIU/ICTBI/IH TaKO-
IO YCHUJIEHHOTO T0JIsI (3TO CKOpee UMeeT OTHOIIEHHe K aJleKBaT-
HOIf MHTEPIIPETAIINHN KOJINIECTBEHHOI0 3HAYEHHSI TIapaMeTPOB
CpeJibl, TaK KaK IMEHHO TaKyio HH(OPMAINIO OTCIOAA U3BJIeKa-
0T).

[TosHOI TeOpUH CeTHETOTEKTPUKOB MOoKa HeT |8, m.39, c.
162|. Bpsig i mveeT GOJIBINOI CMBICS KAYECTBEHHOE 3aMETAHIe
O pelieHuu

(1— NaB)P = NSE,

IJie @ - TOCTOSTHHASI, [§ - TOJISIPU3YEeMOCTh MOJIEKY/bl, N - 910
MOJIEKYJ B euHuUIe 00beéMa, Tak Kak “perenne” (1 — Naf) = 0
- Bcero Jiutib ofaa “rouka” s E = 0 (a ecan npu 3ToM OKa-
xkerest E # 0, 70 nos1sipu3yeMocTb 1oJ1y 9aeTcst 0eCKOHeqHoi! ).
C yuérom ke duaykryanuit Beeryia E # 0. Teopus I'uuz6yp-
ra (Ha ocHoBe Teopuu Jlamnnay) IpeaIoaraeT, YTo Mbl HMeeM
dazopwrit mepexon 11 poaa, 910 €ro MOXKHO OIMKCATH C TOMOIIBIO
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TEPMOJIUHAMUIECKOTO [MOTEHIHAJIA, PA3I0KEeHHOI'O B TOUKE IIe-
PexXo/ia 1o CTEreHsIM MOIAPU3AIUN (ITO ONMSITh-TAKH HPEeINoa-
raeT HenpepbiBHOCTE P). [TomobHbIe “Teopun” BOBce HE UCCTIEY-
10T (pU3UIECKNE MEXaHU3MBI IBJIEHUS, & TPOCTO UCKYCCTBEHHO
“noyidoupaior” MareMarudecKue ypaBHEHUs C PellleHusIMU, IO-
XOXKUMM Ha H3MEpPEHHYIO 3apaHee 3aBUCHMOCTD.

[Ipu BBIBOJIE BBIpAXKEHUIT JIJIsT JIEKTPOCTATHIECKOTO TIOJIST B
TUIIEKTpUKax B |9, 1.6, ¢. 59| BBOIUTCS MUCKYCCTBEHHO BEJIMYH-
Ha P kak (p) = —divP. Bo-niepBbIx, 115 HCKYyCCTBEHHO BBOIH-
Moii Bestmuunbl yeaosre P = 0 BHe Tesa (1 Ha rpanune!) — siB-
JISIETCS JIOTIOJTHUTEILHBIM yCI0BHeM. Bo-BTophiX, BesnunHa P
- HEOJIHO3HAYHAs BEJIMYMHA, TaK KakK “BbljejieHa’ U3 PABEHCTBA
HYJIIO MHTEerpajia (& TaKuX Cloco6OB BbIJIEJEHUsT - MHOKECTBO).
B-rperbux, onsts pasencrso [ (p)dV = 0 gus rest moGoit (hop-
MBI He O3HaYaeT He3aBucuMocTh (p) u P ot dbopwmbr! Do emé
O/THA JIOTIOJTHUTEIbHAS TUIoTe3a. TakzKe HeMOHATHO i JTaH-
HOTO ONPEJIEJIEHNUs], YeM K€ B HEM BBIJIEJICHBI JUIJIEKTPUKHI 110
OTHOTIEHHUIO K MeTasuiaM ([oYeMy JIJist TIOCTeTHUX HeTb3sl BBe-
cTi mofoOHY 0 HCKyceTBeHHY 0 dyHKnnio P7).

[Ipr BBIBOJE TEPMOJMHAMUYCCKHX COOTHOINCHHH I JIH-
9JIEKTPUKOB B 3J1eKTprudeckoMm mose |9, m.10, ¢. 73| sro nose
IPeJCTAB/ISIOT CO3JAHHBIM 3apsIaMI Ha IIPOBOJHUKAX BHE M-
3J1eKTpuKa. LIpu 5TOM c4MTaloT: pa3 B OKOHYATEJLHOE BhIPa-
ZKeHnue BXOoAuT TOJIBKO IIOJI€ BHYTPH AUSJIEKTPHKa, TO BbIPpazKe-
HUE He 3aBHCHT OT IPOUCXOXKIeHUs 1oJd. OmHako 510 Tpeby-
€T JOKa3aTe/JIbCTBa, TaK KaK IIpUu OJHOM M TOM ZKe I10JIe BHYT-
pHU JIM3JIEKTPUKA, HO 1IPU PA3HON KOH(UIYPAIMU ITPOBOJIHUKOB
M3MEHEHNd MOJIsL B OKPYIKAIOIEM IIPOCTPAHCTBE OT IMPHUCYT-
CTBUS AUIJIEKTPUKA MOTYT ObITh Pa3HbIMU (€II1¢ B 3aBUCHMO-
CTH OT 9TOTO MOTYT OKa3aThCsl Pa3HLIMH O0BEM JMIICKTPHKA,
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pacmpejieJieHAe TeMIIepaTypbl BHYTPHU HETO U JIpYTHe IapaMeT-
pbi). Vcnosb3oBanne TepMOANHAMUYIECKIX COOTHOIICHUIT y2Ke
TpebyeT 3HaHUsI BCeX KOHKDETHBIX CBOHCTB Tesa (M MaTepu-
ana), TO eCTh UX MPEJABAPUTEIBHOIO HCCIeI0BaHUsT (H3Me-
PEHHUs), ¥ OUSATH BCTAET BOIPOC O NPEJICKA3ATETBHBIX BO3MOZK-
HOCTSAX TeOpHHU (HAOMHHUM, HAPUMED, 00 JIEKTPOCTPUKIIUH).
OcobeHHO 0CTPO STOT BOIPOC MPOSIBIAETCS JJIsl KPUCTAILIOB |9,
.13, ¢. 87| (BKJIIOYAst TUPOIIEKTPUIECKUE, CETHETOITEKTPHYE-
CKHE U TTHE303JICKTPpHUu1IeCKue KpI/ICTaJIJIbI)I CJIMIITKOM MHOT'O Tpe-
Oyercst CTPOrux IpejiBapuTebHbIX 3HAHUH JIJ1s1 TIOCJIe/ 1y IONIero
MCTIOJIb30BAHUS TEOPUN.

[Tpu BBIBO/IE 9JEKTPHUIECKHX CHJT B 2KHUKOM JTH3IeKTpUKe |9,
.15, ¢. 96| He yrouHsieTcss — orpaHuveH Win Ge3rpaHuYeH JU-
JIEKTPUK, BEJb B CJIy4dae€ OPaHUYICHHOTO JUIICKTPHUKa MOXKeET
HPOSIBJIATHCS BiusiHre ero (hbopMbl (HOIIePKUBACMOIl, HAIPHU-
Mep, criiaMu u3BHe). [IpubinzkeHreM TakkKe siBJIsieTcss oTOpa-
ChIBaHUE BO3MOZKHBIX 3aBUCHUMOCTEH OT I'paJEHTOB TEeMIIepa-
Typsl. He mokazana HEOOXOIMMOCTH CUUTATDb, UTO IPU BUPTY-
AJIbHOM TIepeMelneHnn MMOoTeHIuaJI IMTPOBOJHUKA OCTaETCd HEU3-
MEHHBIM, a jedopMaliys JIUJIEKTPUKA SIBJISETCS U30T€PMHUYe-
ckoii. Takzke 6e3 jI0Ka3aTeIbCTBA IPETOIATaeTCs, YTO KaxKIasd
JaCTHUIA BEIECTBA MEePEeMeINaeTcs BMECTe CO CBOUM 3HAYEeHHeM
noteHnuata (OH 9T0 — “BMOpOXKeHHOE” CBOWCTBO BemecTBa?).

Henousitro u “suavenwe” dopmyast (15.11) uz 9, m.15, c.
100]:

pE? [ 0Oe e—=1, o o
Py(p,T) = Py = 22— (22} — B2+ E?).
0.1 - Pan = (57) = St B2+ B

YVTBepkK1aeTcs, UTO dTO ypaBHEHHE Olpejessier “TJIOTHOCTh
JKHJIKOCTH BOJIM3KM €€ IOBEPXHOCTH MO HANPSKEHHOCTU I10JIA
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B Heil”. Ho Beap mosydaercs, 9T0 HAJ0 3HATH pacCHpe/eeHus
T, Py, e, E nna onpejesienus IIOTHOCTH p: & HE MPOIIE JIU U3-
MepuTh caMy p? Ecan ke m3MepuTh He3aBUCUMBIM 00Pa30M BCE
9TO HEJIb3sl, TO KaK MPOBEPUTH BEPHOCTH 3T0i hpopmysisr! Ta-
KUM 00pa30M, BCe BbIPaXKEHUHA, B TOM YHUCJIE JIjId BEJUYUHbBI
06béMHO# crtnl f B marHOM naparpadpe, SBISIOTCA TPUOJIHKEH-
HbIME (IpUOIHKEHHO BEPHBIME [IPH OIPEIETEHHBIX YCJIOBUAX).

Takum 06pa3om, XOpOIIIO 3HAKOMAs U MIPUBBIYHAS BCEM TEO-
pud AUJICKTPUKOB IIPU BHUMATEJAbHOM PACCMOTPEHUU BbI3bI-
BaeT HEKOTOPOe HeyJIOBJIETBOPEHUE U BOBCE He KarKeTcd eJIUH-
CTBEHHO BO3MOXKHOM, 00IIIEH, arOPUTMUYHO U CTPOro 000CHO-
BaHHOIA.



I'1aBa 3

DJIEKTPUIECKUIl TOK

[lepeiiiém Tenephb K MOHATHIO JTEKTPUIECKOTO TOKA U aHAJTU3Y
CBA3AHHBIX C 3TUM gaBaennii. Hauném ¢ nmoJseil B merasiax.

Boobre roBops, JI0Ka3aTeIbCTBO OTCYTCTBHS TOJIsI BHYTPH
nosioctu |3, maparpad 10, ¢. 106] — necrporoe, Tak Kak Mbl He
VUHATBIBAEM, 9TO METAJLI yIEPKUBACTCA KAKHM-TO 00pa30M KaK
nesoe (uam 570 BHerrHue cuutbl?). MlHade TOUHO Tak Ke MOKHO
HApUCOBaTh JIpyroii pucyHok (Puc. 2.2). B KOHTYpe OKa3biBa-
ercs rotE # 0, Hy u 4To orciofa ciaeayer? 31ech Tak XKe, Kak
B 9JIEKTPOCTATHKE IIPH HAJIUYUU TBEPABIX Te (PUKcaTopos),
MOZKET OBITH BCE, YTO yTOIHO.

[To cyru, 3akon OMa — 3TO ompeaeIeHue HEKOTOPOH Heus3-
BECTHOM BeTMUMHBI 1, KOTOpast 3aBUCUT OT MaTepuasa 00heKTa,
OT ero reoOMeTpu4eCKux XapaKTepUCTUK (eCJ_H/I TOYHO — TO HE
TAK YZK M IIPOCTO), OT TEMIEPATYPbI, JABJIEHHs, BJIUSHI BHEII-
HUX U BHYTpeHHHX rojieit u ap. 1 Tor dpaxt, 4ro ujeHTHYHbIE
dbopmysst [6, maparpad 35, ¢. 169| 3akona Ixkoyist

2
Q=RJ? = J(p1 —ps) = J/ Eds
1

33
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[+++ +++]
[l Lol Ij

METAAA

Puc. 2: Ilosie BHyTpPU 11OJ10CTH.

IMeIOT Pa3Hylo 00JacTh MPUIOKUMOCTH, TOBOPUT O MPHOJIU-
JKEHHOM XapakTepe BeJEHHbIX MOHATHIl (cpegHunx). AHagornd-
HO, BbIpazKeHue JJId MIOTHOCTH ToKa j = AE ecTh onpenenenue
BeJIUIuHBI A\. X0OT €ro Ha3biBaoT AnddepeHnunajabHoil hopmoit
3akoHa OMa, OHO BPSIJI JIM UMEeT CTATYC 3aKOHa (J1a U BBIBEJIe-
HO OHO B ONpeJIeJEHHBIX MPeANoJI0KeHusX). Boobine roBops,
13 OMBITHBIX MaKPOCKOIMUYIECKUX yPABHEHWH HEIb3sT OTHO3HA-
HO TIOJIYYHTh “MUKPOypaBHeHUs” (TOUHBIE) — BCeraa 1o Oyaer
JINTIB OJINH W3 BO3MOYKHBIX BapuaHTOB. OUATH JAEKJIapaTUBHO
3asIBJIACTCSL O PA3HOM crermenu OONIHOCTH COBEPIIEHHO OJMHA-
KOBO MOJIYYEeHHbIX YpaBHeHWiH (T.e. OJHON cTermeHu OGIIHOCTH)
JUTST BEJTMIUHBI YAeJAbHOW MOIHOCTH TOKA!

q=7°/A=AE* =jE
(nexsapupyercs HauboJIbInAas OOUIHOCTD MEPBOr0 yPABHEHHUS ).

Jlna  ycnoBHsS CTaIMOHAPHOCTH TOKOB, /I ypPaBHEHHS
HENPEePbIBHOCTH W Jyisi HUTell ToKa [6, maparpad 37, c. 176|
3apaHee IIPeJInoaracTesd, dTo:
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1. TOKU gBAAIOTCI HEHTPAJbHBIMHU;

2. HeT “MeXaHMYeCKH 3aKPeIIEHHbIX 3aps10B;

3. acbdbekT rpaHul U Marepuaia (KBa3Hylpyroe Bo3jeiicTBue)
HE YYUTBHIBAETCH SIBHBIM oOpa3oM. lHadye — He Bcsgkoe m3Me-
HEHUE 110J1d UJIU llepepaciipejie/ieHue 3aps/i0B BbI3bIBAET U3Me-
HEHUE TOKA; TOKH MOTYT OBITH “HOJIY3aMKHYTBIMH — C POXK-
JICHHEM M yHUUYTOKeHueM 3apszkeHnbix “‘crpyit”. [locrynar “co-
XpaHeHHUS 3JeKTPUIECTBA’ — 9TO HEKOTOPBIA BHIOOp ONUCAHUSA
(BBIGODKI 7K€ MOTYT OBITH pasHble, JIUITh Obl “perepHbIe Tpe/i-
CKa3aHusl’ COBIIQJIAJIM C SKCIEPUMEHTAJIbHO HAOJIIOaeMbIMU SIB-
JICHHSIMU, & ITPOMEXKYTOYHbIe “HeHabJIIoJaeMble CYIITHOCTH MO-
ryT OBITH IPU STOM HPOU3BOIbHBIMIE). JloKa3aTeabcTBO, 6YITO
B CJIydae MOCTOSHHBIX TOKOB TLIOTHOCTH CBOOOTHBIX 3apsOB
paBHa HYJIIO0 — HEBEPHO: a eCJIM, HAIIPUMeD, MbI CPa3y BO3bMEM
HeHeHTpaJbHble TOKH (mydKn)?

[To moBoay croponneit DIC [6, naparpad 38, ¢. 180 — omu-
caHue JeKTPUIECKUX SIBJEHUN U CBOWCTB JIOJIZKHO OBITH €/11-
HBIM:

1) BCIOMHHM PO CBEPXIPOBOIMMOCTH — B 3TOM CJIydae TOK
ecTh, ctoponneit 9/1C HeT, cONpOTUBIECHNHE PABHO HY.JIIO;

2) TaK KaK CYUTAETCsI, YTO MATHUTHOE MOJI€ BbI3bIBACTCSI TOKA-
MH, TO CYHIECTBOBaHHE ITIOCTOAHHBIX MAalrHUTOB 663 3aTpaT dHep-
IUU JOKA3BbIBAET, UYTO Heobs3areabno Haauaue D/1C mid Toka;
3) ma | caM aToM TOXKe MoATBep:kaaet, uro Haimqdue DJIC we
obs13aTebHO. Jms HeHeHTpaIbHBIX TOKOB BOOOIIE HYKHBI 6O-
Jee uérkue onpenenenus. Jlobapienne Kk E emé u E.,; BbI3BI-
BaeT BOMPOC: & KAKOe I0Jie PeajbHO M3MepsieTCd Ha JTAaHHOM
yaactke? Vn obe 9Tu BeJIMIUHBI — BCIOMOTaTeIbHbIE — JIUIID
JIS yIoOCTBa Teopun?

B [6, maparpad 40, ¢. 191] miast o6bsichenus: onbrtos Tosme-
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Ha HCIOJIB3YIOT 00INee ypaBHEHHE ITePEeMeHHBIX TOKOB, TO €CTh
BCe “‘nmpaBonoobHble” TMPeAbIIYINe PACCyK/JICHUT U HE TPO-
BepsioTcs. Ilpeanosaraercst, 970 B KOHEIHBIH MOMEHT U TOK H
YCKOpEeHNe paBHBI HYJI0, HO BeIb CTPOTO 9TO HEBEPHO — TakK
Kak Oyjer 3amasjpiBanue (pesakcaiusi Bo Bpemenn). lasee,
COTPOTHBIIEHHE MOXKeT GbiTh (byHKImed mporecca R(w); na u
HHEPIHAJBHOCTH FaJbBAHOMETPA MOYKET BJIUSTH HA U3MEpPEHHE
nepementoro [ Jdt, u, KpoMe TOro, HAJO YUECTb BJIUSHHEE Me-
TOJA COEJINHEHWS KATYIIKH C HEMOIBUKHBIM IaJhBAHOMETPOM
(4epe3 CKOJIb3sIIUe KOHTAKTbI), TO €CTh Pe3YJIbTaT — OYeBH/I-
HBI U HEe KOJIMYECTBEHHBII, & JUIb Ka4eCTBCHHDIH.

Nurepecuniii Borpoc: noJie E npakTrndeckn He pacipocTpa-
HAeTCs (OUeHb OGBICTPO 3aTyXaeT) B JAUAIEKTPUKAX (B BO3JyXe,
HANpHMeD) U BaKyyMe (BBIKJIIOUEHHBIH YTIOT He IDEeT), a B Me-
TaJIIe TOJIe PACIPOCTPAHSIETCA Ha 3HAYHTEIbHBIE PACCTOAHHI.
KakoB ke MeXaHH3M HOJJIeP;KAHUS [O0JId B METa/LIax !

[Ipexae, ueM OKUIATH OT KJIACCHUIECKOH TEOPUU JIEKTPO-
IIPOBOTHOCTHU KOJIUYECTBEHHBIX COBIAJIEHUI CO BCEMU IKCIIEPH-
menTamu |6, maparpad 41, ¢. 195] u “3apy6ars”’ eé, Hag0 ObLIO
OBl yuecThb Bce (paKTOPHI:

1) 37eKTPOHBI He ABUTAIOTCHA CTPOrO MO HOJMIO (TAK KAK eCTh
emié moJe pemérku u nose B);

2) paccesiHEe MTPOMCXOIUT He “NI0 BOJIE caydas” , a [mO ompe/ie-
JIEHHBIM YTJIOBBIM PaCIIPeIe/IeHUsIM;

3) cTapTOBbIE BEJIMYHHBI V. HE HYJIEBBIE;

4) BeIMYUHBI V; TIPH CTOJIKHOBEHHSIX — TEIIOBbIe (B CPEHEM);
5) cpejHsist KUHETHYECKAsl SHEPIUsl JIEKTPOHOB B JAHHBIX CJIy-
Jasx J0J2KHA OBITh PACUETHON BEJIHYHHOII;

6) BBeseHMEe Hen3BeCTHON “OyKBBI” [ - JJIHHBI CBOGOIHOTO MPO-
Oera — HUYEro HOBOI'O He BHOCHT;
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7) ¢ TEIIOEMKOCTBIO — HE COBCEM OYEBUJIHO, UTO JJIsl MeTaJl-
JIOB U JU3JEKTPUKOB JIOJYKHBI OBITH PAa3IddNs, BeJIb U TaM H
TaM JICKTPOHBI HAXOJISATCS CHAPYZKH aTOMHBIX sijiep, puKcu-
POBAHHBIX B y3/1aX KPUCTALINIECKON PEIIETKH, TO €CTh Tepe-
Jlaga TeIia B 000UX CJIyYasiX MPOUCXOJUT IPU IIOMOIIU JJIeK-
TponoB. Ta pa3Huna, 9To B MeTajljie 3JeKTPOHBI CIUTAIOTCS CBO-
OOIHBIME, MOYKET UI'PATH POJIb TOJBKO JJIsi CKOPOCTH Iepea-
Y1 TeILIa, TO €CTh JJId TeILIompPoBoaHoCTh. [loaTOMY onenuBaTh
10 Pa3HOCTH TEILIOEMKOCTEH BETUINHY KOHIIEHTPAIIUHT 3JIEKTPO-
HOB — CJIMIIKOM 1Py060;

8) B KBAHTOBOM CJIydae Jisl JIJTMHBI CBODOJHOTO Tpobera Tozke
NMeeM BeJIMYUHY, 3HAYUTETHHO DOJIBIIY0, 9eM CpeiHee PACCTO-
SIHAE MEKJIY aTOMaMM;

9) zaBucHMOCTb A 0T T' B KJIACCHYECKOM CJIy4ae B SIBHOM BHJIE
HE WM3BJIEKAETCS BOBCE, YTOOBI MOXKHO OBIJIO 9TO-TO KPHUTHKO-
BaTh;

10) moJist Ha MaJIBIX PACCTOSHUSIX HEM3BECTHBI, W, 3HAUNT, HEM3-
BECTHO TOYHOE B3aUMOJIEHCTBIE JIEKTPOHOB C PEIIETKOI, a BeIb
TOJIBKO TOI'VIa MOYKHO OBLIO OBbI IOCTPOUTH CTPOIYIO KJacchye-
CKYIO TE€OPHIO;

11) TpOBOAMMOCTDH METAJLIOB TOXKE JTOJZKHA BBIPAXKATHCS €U~
HOIi 3aBUCHMOCTBIO (BKJIIOYAs CBEPXIPOBOANMOCTD), & He THIIO-
tezamu ad hoc.

13 menabionaemoro Beipaxkenns j = oE (310 He 3akoH, a
ONpe/Ie/IeHIe BETHYHHBI 0) MOKHO OBLIO GBI MOy YNTh SKCIEPH-
MeHTa/IbHO HabogaeMoe Boipazkerue | = U/ R, Ho oGpaTHbIi
nepexona He ABjideTcd e JMHCTBEHHO BO3MOZKHBIM.

Ecaun BepuTh B MeXaHWU3M IMPOBOJUMOCTH HA CBOOOTHBIX
sekTpoHax B 3akone OmMa U B TpeHne, OrpaHHIHBAIONIee POCT
CKODOCTH 3JIEKTPOHOB, TO BeCbMa TOJO3PUTETHHBIM OKa3bIBa-
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eTcs IMUPOKHI JUana3oH g mojeil, B KoropoMm 3akon Owma
crpaBe/iuB (TO eCTh 0 SBJSIETCS] KOHCTAHTON W CBI3b — JINHET-
HOI). V1 1e0J10rHsI CO CTOJIKHOBEHUSIMU TOXKEe JIOCTATOYHO Mapa-
JIOKCAJIbHA, BEJIb JII000I aTOM — 3TO cKopee “IrycToTa’” u 3/1eK-
TPOHY IHipolie OblI0 Obl HPOJIETETh €r0 HACKBO3b, YE€M C 4YeM-
JUO0 CTONKHYThCs (TO ecTh Hu4Yero “daraibHOro” | BOMpeKH
yueOnuky, 3mechb Her!). Ho 310 — obmmas mpobsiema coBpemMeH-
HBIX Teopuil cTpoeHus BemecTBa. CTPAHHBIM TOITOMY SBJISETCS
1 HEOMHUYHOCTBb KOHTAaKTa JBYX METaJJIOB.

HamoMHEM, 9TO CKOPOCTD YHOPSIOYEHHOTO IBUKEHNS 3JI€K-
TPOHOB — MUJLIUMETPBI B CeKyHIY. 1109TOMYy monaxmBaer mo/I-
JoroM, Korja BHauase [4, m.4.6, c. 136| xapakrepHoe Bpems T
OIEHUBAETCS M3 MPOBOAMMOCTH MeTA/LIa B IIOJ€, HO 3aTeM
HOJICTABJISIETCS] TEINIOBAs CKOPOCTh (& 3TO — COTHH KUJIOMET-
POB B CEKYH/LY) JIJIsl OIEHKH IYTH 3JeKTPOHA B KpucTasie. U B
nTOTe Toydaercd BeananHa ~ 30 A — commkom muoro! Ecre-
CTBEHHO, IMOTOMY, 9TO K 3THM BeJMIMHAM T JIOKHA ObLIa OBI
IMeTh OTHOIIEHHe He TeIIOBas CKOPOCTb, a CKOPOCTh HAIpPaB-
JIEHHOTO JIBUZKEHHs (TOT/IA Ty Th HOJIYYUJICS OBl rOPa3/I0 MeHb-
mie). CTpaHHBIM IPU OGIIENPUHATOM BBIOODE SABJISETCS U YBEJIH-
YeHHEe MPOBOIUMOCTH METAJLIOB C TOHUYKEHUEM TeMIEDATYPHI.
A Bor must “npeiicbosoit Mogenn” (B pe3yJIBTUPYIONIHX MOJISX
[E x BJ|) curyaus Moria 6bl OKa3aThCsl KAYeCTBEHHO JIydiie!
MoxkHo npemioKuThH cienyiomiee. HampasienHoe cpeiaee 1Bu-
JKeHre 3JIeKTPOHOB BO BHEHIHEM 3JIeKTPHIeCKOM IIoJ1e [ BIOJIb
IPOBOJIHUKA CO3TAET MePIeHINKYISPHOe MArHATHOE T10J1e Hp;.
DTH CKPEIIEHHDBIE MOJI BBI3BIBAIOT IEPepaCIpeie/ieHue 3apsi-
JIOB 110 PaJUyCcy IPOBOIHHUKA. B pesyabrare BO3SHHKAET IIOJIE
E,. A ckpemennble nond £, u Hpy; TOLIepKNBAIOT paBHOMED-
HBII apeiich v). Takzke BO3HMKaET SKCIEPUMEHTAJILHBIA BOIPOC:
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KaKOBa, J0JId B BO3HUKAIOIIEM MATHHTHOM IIOJIe Ha IIOBEPXHO-
CTH MPOBOJA OT YHOPSAJIOYEHHBIX CIHHOB 37eKTPOHOB! OleHKH
[TOKA3BIBAIOT, UYTO BKJIaJI MOXKeT ObIThH 10 100

HpOHI/IKHOBeHI/Ie HNOHOB HaTpUd CKBO3b JIaMIIy HaKaJIUBaHUA
() B ssekTposiuze NaNOs BbI3bIBaeT HEKOTOPBIE BOMPOCH |8,
.93, c. 419]. [Toyemy noubr Na NPOHUKAIOT CKBO3b HEPACILIAB-
JIEHHOE CTeKJI0, a Oosiee Jjiérkue 3jiekTponbl — Her! [louemy
Na He 0OKa3bIBAETCs PACIPETeJIEHHBIM BHYTPH IO BCEl CTEKISTH-
HOIT KoJI0e, a HaxoauTCcsa cBepxy Haja pacTBopoMm?! [louemy ero
HET BHYTPH CAMOTO CTEKJIa [OC/Ie MPEeKPAIIEeHUs SIEKTPOIN3a ’
uHeifirpausarnun’ CTpaHHBIM KayKeTcsl YTBEPIKIeHue, OYITO BCs
SHEPIHsi TOKA MJIET TOJBKO HA HAIDEB 3JIEKTPOJIHTA (JZKOYJie-
BO TeIUIO), a HA pa3pylleHre BelecTBa - Hudero. Ilosydaercd,
970 ecjau obpasyrormecs TpoayKThl (Hanpumep, Hy n Oy) Mo-
I'YT BCTYIATh B MOCJEAYIONIEM B H30TEPMUUIECKYIO PEAKITHIO, TO
MOZKHO TIOJIyIUTb JOIMOJTHATENBHYI0 SHEPIHUIO?

B IIpumepe 2 [8, m.84, ¢. 365] A2K0y/IeBO TEIIO B TPOBOJIE
€ TOKOM “00baB/IsgeTCa” Pe3y/IbTaTOM IPUTOKA JEKTPOMATHUT-
HOIl HEPruU W3 OKPYZKAIOIMIEro MPOBOIHUK MPOCTPAHCTBA. A
rae oHo BeLaesisgercs? Bo Bcém 0O6bEéMe mpoBoaa B IpoIec-
ce mporekanus B HEM sHeprun! Ho Torma, ecim psaom mome-
CTUTH OTPE30K MpoBoJa (6e3 Toka!), a emé Jaydine IpOmyCTUTh
IIPOBOJI ¢ TOKOM BHYTPH OTpe3Ka MeTa andecKoil Tpy6nr, To H
oyaer tem ke, E moxker okazarbcs Osm3kum. To ecTh OTOK
SHEPIUH, TPOXOIAIINN depe3 YIACTKH 9TOTO OTPe3Ka IPOBOIA
(mm TpyGBI), OyJeT COMOCTABHM € MOTOKOM 4Yepe3 TaKoW ke
Yy9aCTOK MPOBO/IA 3aMKHYTON IEIH, /Ia U JIZKOYJIEB HAIPEB 10/I-
JKEH 0Ka3aThCsl OJIU3KUM (Y2K SHEPrus Jubo MOTIOTUIACE, JUbO
He morsoruaack!). Oguako ro He Tak! Ecim ke cuanrars, 9To
SHEprus “Bcs CTEKAeT K IEHTPY HpoBoga” W TaM BBIIE/IAETCS
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TeILI0, TO CONPOTHBJIEHHE IOJBIX TPYyO OBLIO OBl MOYTH HYJIe-
BBIM, 4TO TOXKE He TakK. TaK 4TO ¢ TPAKTOBKOW “Bo3jeiicTBHil”
oT BekTOpa ¥YMoBa-lloiiHTHHTa He BCE TIagKo. A B CIIeayIOIIeM
npuMepe 3 171 KOHJIEHCATOpaA Y7Ke HMCIOJIb3YeTCs MOHSITHE TO-
Ka CMeIIeHHsI, KOTOpoe paHee 11pocto 66110 BhiOpoIieHo. Kpome
TOro, BeKTop YMoBa-llolitnTuHra neomuosnadern. CUBYXUH KPH-
THKYeT KJIACCHUIECKYI0 (PH3UKY M BOCXBAJAET TEOPHUIO OTHOCH-
TEeJIbHOCTH, HO TYT Ke “OKa3bIBaeTCd , YTO FJEKTPOMATHUTHBIH
UMITYIbC OBLT BBenéH Makcom AOparaMom ermié 10 BO3SHUKHO-
Berust TO! Torgma KpuTuKa BBILJISIAAT COBEPIIEHHO T'OJIOCIOBHO
(KaKuX MOHATHII paHbIe He XBaTaao?). Teoperuku J00AT TpU-
BOJIMTH TMpHMeDHI (BbIDazkeHne Bephbl), KoTopbie HUKoraa (!) He
IPOBEPsIINCH B dKcuepuMenTe. Hampumep, npu paspsiake IIu-
JIMHJPUYIECKOTO KOHJIEHCATOPA B OCEBOM MAarHHUTHOM IOJe jieii-
CTBUTEJBHO MOYKET BO3HHKATH BpAIEHHEe, HO IIPU ITOM OyIyT
331 ICTBOBAHBl KOHKPETHBIE MEXaHU3MbI H3MEHEHUsT COCTO-
SIHUS JIBUYKEHHSI 3aPAKeHHBIX JaCTHI, B MOMEHT U3MEHEHU
BHEIIHUX ycJioBuii. 11 Takoii onbiT (fgaxe ecau Obl OH ObLI
IPOBEJIEH) He JOKA3bIBAT ObI CYINIECTBOBAHUE MOCTOSIHHO “Bpa-
makomerocs’” TOTOKa SHEPrun (Ky1a, HAPUMep, JeJICs IZKOYIeB
HATDEB CTOSAIIEro KOHIeHcaTopa?).

B coBpemennoit Meroauke BuIUHCIeHUs BeawdauHbl J1C
9IEKTPOMATHUTHON MHIYKIUMHE HOJATal0T OOJBIIYIO MTPOBOIH-
MOCTb MeTasia, HO Ha onbiTe DJIC BOBCe KOIMYECTBEHHO HE
3aBUCHUT OT MPOBOIUMOCTH, 3HAYUT, JTOJKHO OBITH

q 0A
grad p = ——
ot
(to ectr E = 0!), o TOrga HET caMOil IPUYUHBI HOJSIPUBAITH
(3.11. Jokroposma 1994)!
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Breipaxkenne div j = 0 s nocrossHHOro Toka |9, m.21, c.
137] orpazkaer JuIIb HAIIE PEJIIOJOKEHHE O HEBO3MOKHOCTH
OTJIEJIBHON WJIH Pa3/IeIeHHON NeHepaIuu 3apsioB (a TOJbKO —
JokanbHbIME apamu). Ces3b j = oE nobapiser Takke HO-
BYIO HEM3BECTHYIO BEJUYUHY O W BCErO JIMIIb OTPAYKAET HAIIe
JKeJlaHue BhIOpaTh HanboJiee MPoCTYIO JJid pacdéToB JUHEHHYIO
3aBHCUMOCTh. BbiOOp 0 = const o3Havaer, 4To y HaC OECKOHE-
Has OJHOTUIIHAS cpela. Buibop j,1 = Jno HA IpaHUIle HAYEM
HEe 000CHOBBIBAETCsI. BO3MOKHOCTH OTPAHTIEHHOCTH TTPOBOTHHU-
KOB U HAJIMYUs B JUIJIEKTPUKAX JIONOJHUTETbHBIX BKPAILIEH-
HBIX 3apsiJIoB TpedyeT 0oJiee cTPOroro 000CHOBAHUA I'PAHUIHBIX
ycsopuii. [IpuBieyenune ob61ero 3aKoHa BO3pacTaHus SHTPOMUN
(TepMOJIMHAMUKM) K JIOKA3ATEJbCTBY MOJOKATETLHOCTH (MUK-
POXapaKTepPHCTHKH) O BBILJISIUT MCKYCCTBEHHO (He BCerja B
COBPEMEHHON 3JIEKTPOANHAMUKE PAOOTAIOT OYEBUIHBIE BEIIH:
HaIpUMep, HECMOTPs Ha OYEBUIHOE IBHKEHHE TOJHKO OTPHUIA-
TEJIbHBIX 3JIEKTPOHOB, WHOTJA MPUXOIUTCA CINTATH, UTO TBU-
KYTCS TOJOKUTENbHBIE JIBIPKH). TakKe HAJITUINE TTOCTOTHHBIX
MarHuTOB JIOKA3bIBAET BO3MOXKHOCTH HAJHYHSA jo /I aHU30-
TPOIHBIX TeJI, & 3aKOH BO3PACTAHUS YHTPOIMUH TYT BOBCE HH
[IpU IEM: TIOCTOSHHBIH TOK (MUPOTEKTPUIECTBO) MOKET GBITh,
HAIPUMe]D, BCerja MepHeH THKYISPHbIM BHeImHeMy o110 K.

Takum obpasoM, Jarke Takoe “HHZKEHEPHOe NPUIoXKeHue
KaK OIHCAHWE JJIEKTPUIECKOTO TOKA, He OJIMCTaeT B CBOEM Teo-
PETUYECKOM ONMCAHUH MPH HPUCTAJIHLHOM PACCMOTPEHHUH.
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MaramurHoe 1moJjie

[lepeiigém Temephb K 00CY2KICHUIO TIOHATHS MATHUTHOTO HOJIS U

TEOPeTUIEeCKOTro OIMnCanud €ro HpOHBJIGHI/IfI.

OObsicHeHne TeHCTBUST MATHUTHON CHJIBI HA TPOBO/T C TOKOM
|3, maparpad 3, ¢.261| He coBceM KOPPEKTHO: MOJOKUTETLHBII
OCTOB — WOHBI — HENOJABIKHBI (TO €CTh cama TPOBOJIOKA), Ha
HeE MarHUTHAs CUJIa He MOKeT JieficTBoBaThb. M0OKHO ObLIO Obl,
HAIpUMeD, CKa3aTh, YTO IJEKTPOHBI CIBUTAIOTCH K TTOBEPXHO-
CTH TPOBOJIA U CO3AIT IJTEKTPHUIECKOe T0Jie, KOTOPOe U Jeii-
CTBYeT Ha MOHBI METAJLIA, CIBUTas TTPOBOJ,.

Paznesienne Ha 9UCTYIO MATHUTOCTATHKY W YHCTYIO 9JI€K-
TPOCTATUKY CJIUITKOM HCKYCCTBEHHO: IPEINOIAraeTcst, 9T
1) TOK HefiTpaseH B eIoM (HeIb3sl, HATPUMED, PACCMATPUBATH
SJICKTPOHHBIN Y IOK);
2) MBI HE MOXKEM WCCJIeN0BaTh OAHO W TO ke (!) sBieHue B
PA3JIMIHBIX JBUKYIIAXCS JAPYT OTHOCHTENBHO JPYra CHCTeMax
orcuéTa.

Boob6iie roBops, s uaeHTHMUKAIUNT HAJTAIUST HCTOTHUKA
WIK CTOKa BOBCe He 00s3aTeIbHO, YTOOBI JIMHUK BBIXOIWIN U3

42
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TOYKM WJIM BXOJIMJINA B TOUKY, TAK KaK MOXKET IMPHUCYTCTBOBATH
U IeplueHauKyaapaoe npuzkenue. [Ipeacrasbre cebe, 4T0 TOK
TOJIBKO HAYAJT UATH (BCEr/ia eCTh HaYaI0 nporecca). MarauTHoe
oJjie OyAeT MPUCYTCTBOBATH TOJBKO Ha HEKOTOPOM PACCTOSHUU
OT TOKa, Kyja yciueso jofitu Bo3myinenue. Ho depes Hekoro-
poe BpeMs B 0oJiee OTJIAJIEHHOM MeCTe I10JIe TOXKe IPOABUTCA B
OoKOHYaTeabHOM Bujie. Hanpumep, Aias npaMoJMHEHOTO TOKA
310 OyayT KoJbia. CiaeaoBaTeabHO, KOJIbIA MATHUTHOIO ITIOJIA
HEe CTOSIT Ha MeCTe, a PACTIUPSIOTCs (B TAHHOM TIPe/ICTaBJIeHIH,
eCJIM y7K OHU 00si3aHbl ObITH 3AMKHYTBIMHU) B HAIPABICHUH OT
HCTOYHHKA. DTO TOKE HEKOTOPBIH IMOTOK OT UCTOYHHKA.

Co crporum ompejieJieHHeM MAHATHOTO TOJIsT TOKa (MOJist
cu) ecTh 3arpynHenus |6, maparpad 42, c. 203]. Bo-nepsbix,
pedb AT O HEUTPAJBHBIX TOKAX, & KAaK BBIIEIUTH HEIIO-
ABU2KHBIN 3JIEMEHT HeUTpaJbHOTO TOKAa Hem3BecTHO. Bo-
BTOPLIX, OIIATH CBOMCTBA MArHUTHOI'O HOJIE HA MaJibIX paccTO-
AHUAX HEeU3BeCTHBHI. B-TpeTbux, popmyia

F = Lids x 1)
C

— He Gosee 4eMm ompenenenne HanpszkénHocrn H (KoTopbix
MOXKHO TPUIYMATh MHOTO U CAMBIX DPa3HBIX), JIa eme HaJo
ydecTh, uTo cmyia F w3 3akoma Hbioroma — ToxKe mpocToe
onpenesenne “Oykpbl” F (Bcnomuure [Tyankape). B-uerBéprhix,
IPUHIAI CYIIEPIIO3UIHH B JIAHHOM CJIyYae IPOCTO 3AII0CTYIUPO-
BaH JOMOJHATEIbHO. B-iaThix, 3aKk0H brno-CaBapa ompeessier
Ha OIIBITe HHTErPAJTbHYIO BEJIUYNHY, & U3BJIeUb U3 HEE BhIparKe-
HU€ JJId TOJIs 9JIEMEHTa TOKa MOXKHO MHOTHME CIIOCODAMM.

Koaddunment camounayknuu B |6, maparpad 52, c. 239]
BBEeEH 4nCTO (bOPMATIbHBIM 06pa30M (B ONpe/eJeHIH B HHTE-
rpajl BXOJUT IJIOTHOCTH TOKA). BO-IEPBBIX, HE JOKA3aHO, 9TO
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OH KOHeYeH (TO eCTh MOXKET MMeTh XOTh KaKOH-TO pu3nIecKuii
cMBICT). BO-BTOPBIX, He JOKA3aHO, YTO OH HE 3aBHCHT OT TOKOB
(OT CHIIBI TOKA), & 3aBUCHUT TOJBKO OT 3asiBJIEHHBIX [€OMeTPHIe-
CKHUX XapPaKTEPpUCTUK, TO €CThb ABJIACTCA KOHCTaHTOﬁ7 XapaKTe-
pusyiomieii cam KOHTYD (¢ ApYyroit CTOPOHBI, YTBEPAKIACTCs, 4TO
3allICh B JIPYIUX y4eOHHKaX, BbIparKeHHAs dYepe3 UUCTO Ieo-
MeTpHYeCKHue XapaKTEpUCTHUKHW HEe UMeeT CI)I/IBI/ILIGCKOFO CMBbIC-
Ja, TaK Kak obpamiaercss B 0eCKOHETHOCTH). B pesyibrare Bee
MOCJIeAYIOINE TTOCTYIATHBHBIE ONPeIeJeHns ¢ HCIOJIh30BAH-
eM caMOouMHyKIu (1oroka P, moTeHIHAIbHON SHEPIUK) TAKZKe
00J1a/1al0T HEeSICHBIM (PU3UIECKUM CMBICJIOM.

MaruuTHble cusoBble Juauu |6, maparpad 53, c. 243] 06-
JIAJAIOT OIPAHUYEHHBIM HPUMEHEHUEM B OObIYHOMN 3JIeKTPO/IU-
HAMHUKE He TOJBKO IOTOMY, 9TO (HPU3MKH HE YKeJAI0T BBOIUTH
HOTEHIMAJ I MAarHUTHOTO IO/ MHBIM 00pa3oM, MJIH CyIIe-
CTBYIOT TIOBEPXHOCTH CILIONITHOTO 3AIOJHEHUs (TOp — KCTaTH),
3 dakra Kacanusg BekropoB Hy; m Hy B mepren uKyIspHbIX
HAIPABJIEHUSIX B MaTEeMaTHKE He CJIe/yeT KacaHue K JH00H 1mo-

BEPXHOCTH BEKTOPa
H = H]_ -+ H2

- 3Ta CHUTyalus TOJHKO JJId JaCTHOTO CJIydasl, B HAIIeM CJy-
Jae — MUIAHIPUYIECKON CUMMEeTPHH, 8 TaKzKe TTOTOMY, UTO Kap-
THHA [PEJIoIaraeT CTallMOHAPHOCTD: t = 00. A B TAKOM CJIy4ae
omucanue “poJOJIZKeHHs JIMHUU BO BPEMEHU — HEaJ eKBaTHO.
B neiicTBUTENBHOCTH, €CJIU PACCMOTPETh MOMEHT BKJIIOUEHWS
TOKOB (B OTJIMYHE OT pa3jeseHus 3apsijioB M3 OIHOI TOUYKH,
BKJIIOYEHHE TOKA BCErJIa IPUCYTCTBYET), TO HAJI0 [IPEJACTABIISATh
pacIpocTpaHeHne Wik /i MOsSBIeHHe HOBBIX CUIOBBIX JHHU. B
9TOM CJlydae Jijig Topa (BCIeJCTBHE CHMMeTpHH) U3 KaXKmoit
TOYKHU TOBEPXHOCTH TOPA HAYUHAET MOSBIATHCS CUIOBAs JIU-
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HUA U “paclupocTpaHsgeTcs’ OHA Y:Ke IO CYIHEeCTBYIOMIUM CH-
JIOBBIM JIMHUAM (HO JJIA Ha6J’HO,ZLaTeJ’IH TaKad KapTHHa BIIOJITHE
BBITJISIAUT CTAIHOHAPHOI ).

Ompegenenne ceazuoctu |6, naparpad 54, c. 248] naxo ne
nostHoe. Hampumep, 171 2-X KOJIBIEBBIX TOKOB J, 1 Jo OyayT 4
KOHTYpa, He CBOJMMBIX JPYT K JAPYTY MyTEM HENPEPBLIBHOM Jie-
dbopmarun (a He 3, X013 00J1aCTH 0ObsIBICHA TPEXCBAZHOMN): 1)
KOHTYD, He OXBATBIBAIONINI KOJIEIl; 2) KOHTYD, OXBATHIBAIOTIHIH
TOK J1; 3) KOHTYD, OXBAThIBAOIIHii TOK Jo; 4) KOHTYD, OXBATHI-
Batonuii (depes menTp) oba toka J; u Jo. Beemenue mpemio-
JKEHHBIM CIIOCOO0M (DUKTHBHBIX MAarHUTHBIX 3apsiioB (C MOMO-
IBIO EPErOPOJIOK, JOMOJHSIONINX JI0 OJHOCBSI3HOCTH) HE JI0Ka-
3BIBAET OTCYTCTBYE WJIW CYIIECTBOBAHUE PeATbHBIX MAarHATHBIX
3apsIIOB, TAK KaK HET [I0KA3aTe/]bCTBA, YTO WX HEJh3s BBECTH
UHBIM criocoboM. /la m ypaBHeHUS 1T 1OJei ToXKe MOZXKHO BBO-
JIATH PA3HBIMU CHOCOOAMH: BCIIOMHUM, HAIIPUMED, BbIPAZKEHUS
Awmmepa. Bonpoc o cymiecrBoBannm MOHOMIOJIEH, WX “‘MaTeMaTH-
geckux” (OMUCATEJBHBIX) CBOHCTBAX N HAOIIOIAEMBIX Mapa-
MeTpax OCTAETCS OTKPBITHIM.

Beenénnoe mOHATHE MArHUTHBIX JIHCTKOB BeChbMa OT'DAHMU-
YEHO: ITPEIIO0JIaraeTcsd JUHEeHHbIH OeCKOHeYHO TOHKUH TOK J =
const; paCCMOTPEHHE KACAeTCsl TOJNBKO BHEITHUX YIACTKOB (TaK-
JKe HeT y4éTa B3aMMOBJIUSHHS PA3HBIX JIEMEHTOB OJHOTO H
TOrO K€ KOHTYpa). MHOrO3HAYHOCTD 2Ke TOoTeHnnasa (BCIoMo-
raTejJbHON (DYHKIHH, MHOKECTBO KOTOPBIX MOXKET BBOIUTHCS
pasHbIME criocobamm!) HeBaXKHA, TaK KAK CMBICT UMEIOT TOJTh-
KO usMepsiemblie pusnyveckue Bejudunbl. [Ipu cpaBHenun 1moJis
COJIEHOUJIA C TIOJIeM PeATbHOIO MarHuTa (a He ¢ MCKYCCTBEHHO
BBITyMAHHBIMHA MAHUTHBIME JHCTKaME!), BOIIPOC O TOM, Kak
pacrpejiesieHo ToJie BHYTPU PEAJbHOIO0 MAarHuTa, JTOJKEH pe-
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IaTbCAd IKCIIEPUMEHTAJIBLHO.

[Ipu BBIBOJIE HHAYKIHMH TOKOB B JIBUXKYIIUXCH IPOBOIHK-
KaX MOJIYAJIMBO IPEJIIOIAraeTcs, YTO MPOBOIHUK HE BJIUSCT Ha
BHEIITHee T0JIe, 1 HeT CaMOBO3IeHCTBH (3/1eCh JaxKe HE COBCEM
caMoBo3eiicTBue | a cKopee JeHCTBAE OJHON YACTH ITPOBOIHE-
Ka Ha Jpyrue ero 4actu). Ecanm BeIpaKeHWe IS CHJIBI B MUK-
pomacinrabax B3ATO HE CTPOrO TOYHOE, & BCE-TAKU COMCPIKUT
“MHKPOI06aBKH” , TO JIasKe MHTETPAJIbHBIE BEJTMYUHBI MOTYT
U3MEHUThCs JJIsI epeMenubix japuzkennii. Oupenenenne DJ1C
HHAYKIIME TOJBKO depe3 CyMMapHBIH MAarHUTHBIA TOTOK I
MepeMEeHHBIX JIBUKEHWH, MEHSIIOIIUXCS Pa3MepOB KOHTYPOB H
HEePEMEHHbBIX OJIefl — TOXKe COMHHTEJBbHO (TaKzKe BO3HHKAIOT
BOIPOCHI JIJIS HEHEHTPAJIBHBIX KOHTYPOB), TAK KAK BCJIEICTBHE
KOHEYHOIl CKOPOCTHU 3JIEKTPOMArHUTHBLIX B3aUMOIACHCTBUN ca-
MO ToHATHEe “KOHTYP B (PUKCHPOBAHHBIH MOMEHT BPEMEHH —
HeCKOIbKO Heompeenénno. Jazxke c¢ pasencteoMm €M = 0 mpn
® = const ectb HNpoOOJAEMBI JIJI YHUIIOJSIPHOTO HHAYKTOPa H
regeparopa. He 3axpbIT BOpoc u 0 BO3MOKHOCTH CYIIECTBOBA-
HUsI MOHATHS “IBUKYIUXCS ToJefi” (HampuMep, BPAIAOIHX-
cs1) [10] 1 BOpoc 0 BO3MOXKHOCTH HAJMYHUS Y MOJIsI MHEPIHAb-
HBIX CBOUCTB.

[Ipu BBIBOZE 3aKOHA 3JIEKTPOMATHUTHON WHIYKIHH TOYEMY-
TO CIUTALTCS, 9TO BEJIUINHBI He JOJI2KHBI 3aBHCETH OT abCOJIIOT-
HBIX CKOpOCTteI7 a TOJIBKO OT OTHOCHUTEJIBHBIX — HO 2TO BCETrO
JINIIb THIOTe3a. |'MIoTe3aMu SBASIOTCS H TO, 9TO OyaATO OBI
HEBaKHa NMPpUYNHA U3MEHCHUA MArHUTHOI'O IMOTOKa, U TO, 9TO
UrpaeT poJib CyMMapHbBIH IOTOK, a He ero pacupeieienne. Bo-
obre ToBopst, TOT “ayX Teopuu 1oJst” (YTO BCe BEJUYHHbBI B
TOYKe JOJIZKHBI 3aBHCETH OT IIOJIdAd W €r0 IIPOU3BOAHLIX B TOﬁ
7K€ TOYKE) OIPOBEPraeTcsl sIBICHUEM THCTePe3nca (3aBUCHMO-
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CTH OT MYTH [epexojia B JaHHOe cocTosiuue). Hammane MarauT-
HOiT cpeabl (DaKTHYECKH O3HAYAET MOABJICHNE B 3aBHCUMOCTIX
abCOIIOTHBIX CKOPOCTei (MJIH, KaK MUHUMYM, GoJiee IByX OTHO-
CHTENIbHBIX, 9TO O7iHO U T0 Ke). VI npocras 3amena Hiero = B
JIAJIEKO HE TaK IIPOCTA: pa3Hble Kosiebanust (110 4acToTe) Pacipo-
CTPAHAIOTCS U 3aTYXalOT [TO-PA3HOMY, HAPYIIAETCS ITPUHITUIL Cy-
MIEePIO3UIUN, U PE3YJAbTAT CUJIHLHO 3aABUCUT OT CIIOCO0A yCpeHe-
wust. [logrBepauTh Ha npakTuke 31y dopmyry aus DAC |6,
naparpad 77, c. 355] MOXKHO TOJIBKO KOCBEHHO — 1O M3MEpPEeHN-
SIM CHJIbI TOKA (M B IIPE/IIOJIOKeHnH O BepHOCTH 3akoHa OMa).
W ies kBa3uCTAIMOHAPHBIX TOKOB IIPHUOJIMKEHHA W BBEJEHA OT
0e3bICXOMHOCTH — [T UCKIIOYEeHHsI OBICTPHIX W3MEHEHN, BTO-
PUYHBIX WHIYKIUH U XOTh KAKOTO-TO (JTHHEHHOTO) MpubImzKe-
HUs K PEaJIbHOCTH.

Bpst1 it MOZXKHO NPU3HATH YIAYHBIM € METOIHICCKON TOUKH
3pennst BoiBog D/1C depes MOCTYJINPOBAHHYIO (U HEIPOBEPsI-
eMyi0 B MHKPOMACIITabax) CHIY, JefiCTBYIONYIO Ha 3aps [4,
n.7.3, c. 234]. Eé npuxoauTcsi cIMTATh CTPOrOil “Ha BCE Bpe-
MeHa” , a 9TO CJUIIKOM 3aBbINIEHHAS TpeTen3ud. [cau pamka
nMeeT CJI0KHYI0 GopMy (MepeKpyUIeHHY0), TO Cpa3y BO3HHKA-
€T BOIIPOC MPHU OTIPEJIEIEHNN TOTOKA — KaKash U3 MOBEPXHOCTel,
HATSIHYTHIX HA PAMKY, SIBJISETCS “BepHOI” 1 moyeMy ApyTrue He
nooiyT? HamoMuum Takzke, 9TO COXpaHEHUE MOTOKA CJIeTy-
er u3 pasencrBa divB = 0, koropoe Mbl mpocTo BhIOpaJsm!
Korga paccmarpuBaeTcss HpAMOJIHHEHHOE JIBUYKEHHE PAMKHU B
OJTHOPOAHOM MarHuTHOM 1101, D/IC He BO3HUKAET, XOTS PaMKa
MensieT cBoé nojiozkenune. Ho ecjiu B OMTHOPOAHOM MarauTHOM
[0JIe PACCMATPUBAETCS yYHHUIIOJIAPHBIN rernepatop, To 9/1C Bo3-
HEUKaeT (cpa3y Opocaercs B I1a3a HepaBHOTpaBHe “00bsCHeHu”
U HEJIOCTATOYHOCTh “pacCyzKIeHuN” COBPEMEHHOU JIEKTPOJIH-
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HAMUKH ).

[Ipexkae 4yeM “ckakaTh’ MeXKJIY Pa3HBIMH CHCTEeMaMH H
yTBEpPK/IaTh, 9TO Oy/[eT BUIETH TOT WU WHOH HADJIONATE b
[4, m.7.4, c. 241], Hago 4€TKO ONpeIeaUTh, KaKWe W3 BeJUIHH
(Bce si?) MOIYT GBITH HE3ABUCUMO U3MEDEHBI B KAZKJIOH CHCTe-
Me. ['oBopurh 00 muBapuantuHoctu Jlopenna B onbitax Papa-
nest [4, n.7.5, ¢. 243] (mpu CTOJIb MAJIBIX CKOPOCTSIX JIBUZKEHIS )
IPOCTO CMEITHO (K He CTOUT GOATHCS CKa3aTh TOJBKO 00 HHBA-
puantaocTu [asmies). CoBceM opuruHabHble “BHIKPYyTAChl” €
MAaTEMATUKON MPOUCXOTAT, KOTJIA BMECTO TOJHOU ITPOU3BOIHON

dB
dt
HOJICTABJSIOT YAaCTHYIO MPOU3BOIHYIO

0B
ot
(Bumesm Jin MaTeMaTHKu 3107). Beib panee Bce Tpu onbita ro-

BOPWJIM O HE3aBHCHMOCTH OT MPHYMH HU3MEHEHHs MOTOKa (TO
€CTh O TIOJIHO¥ TPOM3BOIHOI!).

B BbIpazkKeHHH CAMOMH/YKIMU JIjisi TOPOHIAIBHOIN MpsaMO-
yrosibHOi Karymka u3 N Burkos |4, 1.7.8, ¢. 253| crpanHo BXO-
mut coorrorenue [n(b/a), b - BHeIHU, a a - BHYTPEHHUH pa-
jquyc Topa. To ecthb ecn

b—0, a—0, b/a=const,

£2 37

TO MHJYKTUBHOCTH ITOH “McUe3HyBlefl” KOHCTPYyKIUu Oyjer
TOi Ke camoii, 4To u mpexjae (KoHedHoii). BeckoredHo 60JTh-
IITIM OKA3bIBAETCS MOTOK Yepe3 MPOBOJIOTHYIO MET/II0 ¢ TPOBO-
JIOM HyJieBoro aumamerpa! B ciydae ke paccMOTpeHHs IIPOBOIA
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KOHEYHOIO JHaMeTpa BO3HHKAET BOIPOC: Yepe3 KaKyl YacTh
IIPOBOJIOKH KOHTYDA paCCYUTBIBATDH IOTOK (I/I 9TO BOIIPOC IIpaK-
THYECKHH: BCErIa JIU IMOTOK IIPOHOPIMOHAJEH TOKY, KAK B TE€O-
pun?).

BanuceiBath suepruto [4, m.7.10, ¢. 257 gepe3 uHTerpas mo
BCEMY IIOJIIO He OYeHb XOPOIIO: U3 OHOTO COCTOSIHUS B JPYTOe
1 00paTHO CHUCTEMY MOXKHO IePEeBECTH Topa3jgo ObIcTpee, deM
yaacresa “‘cobparh’ WU yKe “paccesdaTh’ SHEPTHIO TMOJsSI BO BCEM
0eCKOHEYHOM MTPOCTPAHCTBE.

Meroanaecku m10x0 060CHOBAHHBIM KayKeTCsI BBIBOJI, T€OPe-
MBI O mUpKyJsiiuu B 8, .55, ¢. 234]. Ucnonb3yercs noHsTHE
MATHUTHOTO MOTEHINAIa, HO 4yTh JAajblie (Ipu BhIBOIE aud-
dbepenuanbHoii hOPMBI TEOPEMBI 0 MUPKYJSIIUN) TOBOPUTCA,
49TO B 00JIACTH, TJIe IPUCYTCTBYIOT TOKH, 11oJie B gaBiigercs nemno-
TeHmuaabHbBIM. Torma Bech “BuIBON’ IJIOXO 0bocHOBAH. Ecam ke
CYUTATh, YTO Be3/le, KPOME CaMOro IpoBOJA KOHTYpa, mnoje B
MOTEHITHAIBHO U TOJBKO BHYTPH MPOBO/IA HE TIOTEHIUAIBLHO, TO
COJICHOU JAJILHBIM 1IOJIAM OCTAETCA “CJAUIIKOM MAaJIO MeCTa. DK-
BUBAJIEHTHOCTH MArHHUTHOI'O IOJISI TOKA M MarHUTHOI'O JIMCTKA
B IPOCTPAHCTBE BHE TOKa (IIPU COCTHIKOBKE I'DAHUYHBIX YCJIO-
BUii) 3aCTABJISET 33/ lyMaThCs: BeJib “BHYTPH TOKa” ByIeT O3Ha-
YaTh “BHYTPHU JIBUKYIIErOCd JEKTPOHA , a BCE, YTO CBA3AHO
€ BHYTPEHHUM YCTPOHCTBOM JIEKTPOHA (B TOM dYhCJIe, pacupe-
JeJIeHHe JeKTPHIECKOr0 U MATHUTHOTO MOJIei) MOKa OCTaéTes
JHIb B objacty Hamux dbantasuii (mim Bepsr!).

MOJIeKyJIHprIe TOKHM B BeIleCTBE — TOXKe IpeaMeT BEpPbI:
Mbl HE MOXZKEM HMX HAIPAMYIO U3MEPUTb, YTOObI HOITBEPIUTH
KaKyio 06l TO HH ObLIO 3aBUCHMOCTB moJid B or Hux. Ckopee,
BUJ 9TO 3aBHCHUMOCTH 3aMOCTYJIHPOBaH 3apanee (4TOOBI Ha-
MOMUHATH 3aKOHbI B BaKyyMe). V1 ¢ MOMOIIbIO W3MepEHHsl TO-
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g B HaM mpejraraercs mMoJ0THATH TPEOyeMbIe 3HAYCHHS .
CiencrBusiMu Halllero BHIOOpA Takzke sIBIASIOTCS: 3aMUCh |8,
.59, ¢. 253 j,, = crotl, onpesenenue Bekropa H u rpaHudHbIX
yesosuit. Muade, B apyroii hopme st “ocTajibHOrO” HAIEro
BbIOOPA IPOCTO HOJIYYAJHUCh Obl BHYTPEHHE HPOTHBOPEYUBbIE
OTIpe/leJIeHUs WM HEOJHO3HAUHBIe pellleHus. TakuM oOpa3oM,
HaIT BLIOOP BOBCE He O3Ha4YaeT, 1To [[pupoaa yecrpoeHa nMen-
HO TaK, ¥ HEJIb3s BBOIUTH JApyrue Momeau omucanus! [Ipu Boi-
OpaHHOM Croco0e ONMUCAHWA W TPU HAJIUYUH HEOIHOPOIHOCTEH
cpennr p, nosie H naxke ne o3nagaer moJis TOKOB IPOBOAUMOCTH
B BakyyMe (1), Tak kax [8, m.61, c. 260]

Hgradu
1

divH = # 0.

K Bompocy 0 gK0OBI CYIIECTBYIONUX KA4eCTBEHHBIX “OTJIMYU-
sX” 9JEKTPUYECKOr0 M1 MAarHUTHOIO 1OJefl 3aMeTuM, 4TO SKpa-
HUPYIOIIHE CBOHCTBA B 00OUX CJIyYasX 3aBHCAT OT CBOHCTB cpe-
JTbI 00OJIOUKH: TaK, HATPUMED, BO3MOYKHA MOJTHAST MATHUTHAA
3aIUTA OT BHEITHETO MOJIsT BHYTPH 000JOYKH U3 CBEPXIPOBOJI-
HUKA.

3aMeTuM, 4TO B 3aKOHE DPCTe/Ia

21
B=—i
cR1¢

MarrHUTHOE TII0JI€ HpHMOJII/IHeIU/IHOFO MMpoBOJa HEOT'paHUYIEHHO
Bo3pacraer Ha ocu: B — 0o nupu R — 00, T.€. IJIOTHOCTH Mar-
HUTHOIT SHepruu Ha ocu w = uB?/(87) — oo.

Takum oOpa3oM, BHUMATEJbHBI B3IVISI HA TEOPUIO Mar-
HUTHOTO TI0JIST BBIABJIAET O0JIbITe DYHIAMEHTAJIHLHBIX BOTTPOCOB,

4eM JIaéT OTBETOB OOIIENPUHATAS TEOPUSL.
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YpasHenuss MakcseJia

[lepeiiém Teneph K “cBATast CBATHIX , (DYHJIAMEHTY BCEr'O JIeK-
TPOMArHUTHOTO Y4YeHUsd, & UMEHHO K ypaBHeHusM Makcsesuia.
V2K TYyT-TO TOYHO JOJI2KEH IPOSBUTHLCS BeCh TPUYME TEOpUH
9JEKTPOMArHeTU3Ma, Best €€ cuta u crporocth! ITocmoTpum mo-

BHHUMaTEJIbHEE.

Hauném co BecmoMoraTeabHoro 3amedanus. [Ipuanun cynep-
[O3UINU UCKYCCTBEHHO BBIAEJICHHBIX MOJICH I HeJUHeRHOro
(0 V) DPEeSSITHBUCTCKOTO YDABHEHUS JBUKEHUS — Bepa WJN
oupesesienne (a He Hayka). C ydéToM HMICOJIOIHH 3ala3/iblBa-
HUS OPUHIMI CYHEPHO3UIMK JayKe JJIsg ABYX YACTHUIL OKA3BI-
BaeTCHA OECKOHEYHO CJIOKHBIM (JEKJIapPATHBHBIM). PesaruBusm
IBITACTCS YOUTD €IMHCTBEHHO IIPOBEPSIeMbIil CHIOBOM IIOIXOI, a
B3aMeH II0/ICOBbIBaeT aOCTPAKTHBIN M HEIIPOBEPsIeMbIil 110JIeBOI
HOJXO/,

Bakon (1.6) u3 [3, c.18]:

[Torok E ckBO3b J1100yI0 3aMKHY- Bapsia BHyTpHU Heé

TYI0 TOBEPXHOCTH S €0

o1
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TpedyeT yTOYHeHHdA: S - (PUKCHPOBAHHAA IOBEPXHOCTH, HEIO-
ABHZKHaAd OTHOCHUTEJBbHO 3apdla B TeYEHHUE BPpEMEHH, 6OJIb]l[eFO
t = Rpae/C, T Rypgr - HaHOOJBINEE YAAJICHEE TOBEPXHOCTH
oT 3apsia. AHAJOTHYHOE pa3bsCHEHUE TPebyeTcs I 3aKOHA

(1.8) u3 [3, c.18|:

[Torok B ckB03b J1106yI0 3aMKHYTYIO IIOBEPX-

= 0.
HOCTH S
A Bor “zakon” (1.7) u3 [3, c.1§]
Hupkynanusa E - mo d Tlorok B ckBO3b m0-

kourypy C " dtsepxnocTb S

He JTaéT HUKAKOTO MeXaHW3Ma JJd Takoil mupkysasmuu. Bo-
HEePBBIX, MOTOK B MOXKHO MEHATH TOJIBKO B MEHTPE MOBEPXHO-
cru S, He 3arparuBas eé Kpas — cam KoHTyp C (rme ke Torma
Gyner mpuuwnHa?), HeyxkKeau TUPKYIAus E Gymer MeHAThCs?
Bo-BTOpBIX, IJie 3/1eCh BhIPAZKEH MEXaHNU3M 3ala3/bIBAHUs OT-
KJMKa 110 OTHONIEHUIO K CHUTHAJMY! AHAJOrMYHbIe 3aMevaHust
Oymyt mias 3akona (1.9) u3 [3, c.19):

2 (L[I/IpKyJIHL[I/IH B HO> d

kourypy C =0 (HOTOK E cxBo3b S)+

DJAEKTPUIECKUIl TOK CKBO3b S

€o

Bce 3naku paBenctBa B jiudpepeHnuanbHbIX ypaBHEHHIX
9JEKTPOIMHAMUKHN HEBEDHBI, TAK KAK 3TO HE yPABHEHUS, a 3a-
[IACh: IPUYNHA BbI3BIBAET CJIEJCTBUE, I MEHATh UX MeCTaMHU
WA JlazKe IePeHOCHTh WX COCTABHbIE YaCTH HEBO3MOXKHO (XOTs
9T0 KOPPEKTHO 110 BCEM TIPABUJIAM MaTeMaTuku!).
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[IpuBsa3piBaTh TOYHOCTH 3akoHa Kymona |3, ¢.103| x pasuo-
CTH B 9HEPrUdAX aToMa BOJOpojia B u3Mepenusax Jlamba n Pu-
3epdopaa — Gosbiast runoresa (06e BeTUIHHB — 00OOIIEHMs

TEOPHii, W HET WX MPSIMOH SKCIIePUMEHTAIBHON TPOBEPKH ).

MozkeT oKa3aTbCsd, YTO BHYTPH IPOBOJHHKA eCTh moje K
(HaTpUMED, eCJIN BCe 3JIEKTPOHbI IPOBOUMOCTH Yy T U3 HEKO-
TOpOit 0bJIacTH, TO B 3TOI 00JIACTH IPOBOJTHUK JIOKAJIBLHO Iepe-
CTAET 6bITb OPOBOJHUKOM M BO3MOXKHO CYHIECTBOBaHHE IT10JIA
E). Yenosue rotE = 0 [1st 97€KTPOCTATHKH — 3TO HE CBOIi-
ctBO lIpUpojpl, a YucTO TEOpeTUIecKoe CJeICTBHE ypaBHEHUM
Maxkcenia (ZOMOTHATENbHOE YCIOBHE).

[IpuHnun cynepno3utuu 0ds3aH JAOMOIHITH TOHATUE TIOJI,
nHAYe HEBO3ZMOYKHO pa3fiefeHue MOJs Ha BHENTHee ToJe U I0-
Jie TIpOOHOTO 3aps/1a U KOHIIEHIHS CTAHOBUTCHA OGECCMBICTEHHOM
(HeonpeieIEHHON MM YCJI0KHEHHO! ). ONHAKO CyHepIO3UIINIO
moJieli MOYKHO MOCTYJTUPOBATH TOJBKO JIJIst BaKyyMa (JTuHeHHOM
cpennr). Hanndaue ke HeJMHEHHOT cpejibl IPUBOAUT K TOMY, 94TO
OTKJIMK Cpeldbl CBA3aH HE TOJIbKO C XapaKTEpUCTUKAMW BHEI-
HEro IoJisi, HO U ¢ XapaKTepucTukaMu mpobHoro 3apsaa. Het
HUKAKUX IIPUHIHUIIOB YIETa HETMHEITHOCTH CPEbl, U MPHUIILIOCH
OBl OCTYIMPOBATH CIIOCOD UX BBEJICHUsT (TAKUM 06PA30M, Tepsi-
eTcst OOIIHOCT yPaBHEHW T10J1s).

Dukcanus OTAeJbHBIX 3apAI0B (JeMOHAMHU 9TO JIKT) — 3TO
danTa3us; OHU BCE PABHO PACTEKYTCsl B TeUYEHHE KOHETHOIO
BpeMeHH, CTpeMsch K paBHOBECHOMY cocTosHuio. laiee, ec-
JIM BepUTH npusHanuam PeitHMaHa, TO HUKAKOrO 0c000TO Me-
TOJA pelIeHUud 33J1a4 JIEKTPOCTATHUKH € YCTAHABJIUBAIOIIAM-
cs1 (He (DUKCHPOBAHHBIM W3BHE) PACHpEIeJIeHUEM 3apsioB He
cymecrByer. Hampumep, B MeTojie m300parkeHnit BCE MPOUCXO-
JIAT TOCTGAKTYM: BHAYAJIE PEIIaeTcsd KaKas-To 0TdhoHapHast 3a-
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Jada ¢ PUKCUPOBAHHBIMH 3apsA/IaMU, U ecJIu OOHAPYKUBAETCS
HEKOTOpasi aHAJINTUYECKAsl YKBUMOTEHIINAIbHAS TTOBEPX-
HOCTb, TO JIeJIaeTCsd BUJ, YTO pellleHa oOpaTHas 3ajada — O
3apsjie BOJIM3KM TMOA00HOI ITpOBOAdAIIEll MOBEPXHOCTH, TO
€CTh Teopus He sBJjisdercd ajgropurmuyeckoii. Teopus QyHkiumii
KOMILIEKCHOU TlepeMeHHOI MpUMeHHMa TOJIBKO K JIBYMEDHOMY
CJIyHYal0 W BCE DABHO 9TO KOCBEHHBIl MeTon (OmaTh 3a70M Ha-
nepén). OcTaérest TONIBKO TUCTEHHBIH METO/I.

Bonpoc 0 BO3MOXKHOCTH CYITIECTBOBAHUS JBUYKYIIIXCS Mar-
HUTHOTO TOJIS WJTH 9JI€KTPUIECKOTO TOJIA U X BJAUSHUU JOJKEH
perraThcs IKCIEPUMEHTATBHO, & He Ha OCHOBe 0e3TpaHNvIHOI Be-
pbl B ypaBuenust Makcsejuia. Tak ke, Kak 1 BOIPOCHI O CTEIEHU
3EKTPOCTATHIECKON 3aITUTH U O PACIpe/IeIeHUN TOKA U MoJell
B nposoaax (3akom Oma).

BBenenune [0MOMHUTENBHBIX BEJIMYUH, IS KOTOPBIX HEKO-
TOpbIC KOM6I/IHaL[I/H/I HEe UMEIOT CMbICJIa, BCEI'la BBISBIBaET OIIpe-
JeJEHHBIE COMHEHUs! (KAK TEOPeTHYeCKHe MOJTOHKH TOJ 3a-
kot Tunumyca-Bojie, HO ¢ JOMOJHUTESbHBIME OpOUTaMu). Y Be-
Jimdenue crenenn AudepennuanbHblX YpaBHEHUI TPUBOIUT
K HEOOXOJMMOCTH YBEJIMYHBATH YUCIO TPAHUYIHBIX (/WM Ha-
JaJbHBIX) YCIOBHUA. A OTKY/Ia HX B3ATh, €CIH OHU FKCIIEPUMEH-
TaJabHO He m3MepgeMbl! ONUATh MOJyYaeTcs MOATOHKA IO, TO,
9TO MBI XOTHM YBHJIETH (& He aJlropuTMudeckas reopus ). Takas
CATYyaIid UMeeT MeCTO, HAIIpUMep, € BBEJICHHEM BEKTOPHOTO W
CKAJISIPHOTO MOTEHIHAI0B |3, ¢. 280-284|, korga st HaxXoxkKj1e-
HIS PEIeHus] MTPUXOIUTCS COBEPITEHHO MPON3BOJIBHO HAJIAraTh
JIOIOJIHUTEJIbHBIE YCJIOBHs (CHcTeMa ypaBHEHUIT Hel001pe/iete-
Ha), W 33 CYET ITOrO BCETJA MOYKHO MOJOTHATH K ZKeJaeMOMY
BUY (TO €CTh, Y TEOPHH HET IIPeICKA3ATeIHbHON CUIIBI, TAK KaK
HAJI0 BCE BPeMsl TOJTJISIBIBATE B OTBET).
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Bameuanue K [11, riasa 15, naparpad 4]: Kak TOTEHIHATBI
n A, rak u nosisg E u B — ycioBHO BBeI€HHBIE MaTeMATHIECKHTE
CHMBOJIBI (BCIIOMOTaTE bHBIE BeJUYnHbI). HermocpeacTBeHHO
U3MEPUMBIMH SBJISIOTCS B KJIACCUYIECKON (hU3MKe: KOOPIMHA-
ThbI, BpeMsi (MJIM 9TAJOHHAS 4aCTOTA), MACCa, CUJIA, CKOPOCTb.
Mo2KHO, KOHEYHO, OTTPaJyUpPOBATh MPUOOPHI U MOJ, JIPYTHE Be-
JIMYUHBI, HO 3TO 6y,ZLeT 3aBHCETH OT BEePbI B TC HJIX HHLIC B3aH-
MOCBS31, MEXaHU3MbI U HHTepIpeTanuu. ConocTaBasITh COBPe-
MEHHYI0 JeKTPOJAMHAMUKY W KBaHTOBYI (usnky [11, riasa
15, naparpad 5| He coBceM KOPPEKTHO, TaK KaK OHU HCKYC-
CTBEHHO (MOCTYJATHUBHO) ObLIH pasiesenbl. Dddekt AapoHo-
Ba — bowma [11, ¢.24| ckopee cBHIETENbCTBYET O HEBEPHOCTH
HAIllUX [OpeJICTaBJAeHHi O MarHeTusMe, 4eM 00 “HCTHHHOCTH
BeKTOpHOro morennuaJga A. Boobie ropops, mneibio (puU3NKH
KaK 9KCIEePUMEHTAIBHO-TEOPETHIECKOIl HAYKH MOKET ObITh
TOJIHKO HAXOK/IEHIE B3ANMOCBSI3el MezK1y (BCeMH) He3aBUCHMO
n3MepdeMbIMU BEJINYUHaMU U IIPEACKa3aHne Cﬂe,ZLCTBI/II'_/‘I n3 Haii-
JIEHHBIX MOJO0HBIX 3aKOHOB. BBetenne 3anaszapiBanus [11, c. 30
B HHTEIpaJibHble YPAaBHEHHUS JIeIaeT UX COBEPIIEHHO HEIPUIO/I-
HBIMH /[IJIsl PACUETOB JlaKe B CJAydvae IIyCTOTbl, & 1IPU HAJUYHHN
BeIlleCTBa, COCTOSHUE KOTOPOI'O0 MOXKET 3aBHUCETh OT HpoIecca
pacIpoCTpaHeHus JIEKTPOMATCHATHOIO II0JIsI, YPABHEHHs CTa-
HOBSATCS SIBHO HEIOONPEIeTEHHBIMA U OCTABJSIOT BO3SMOYKHOCTH
HOJI'OHOK TOJT JKeJTaeMoe (HeaIropuTMUIHOCTh TEOPHH ).

BoabmuHCTBO 9JIEKTPOTEXHUIECKUX TPUOOPOB HCIOTB3YIOT
OJIMH W TOT K€ NPUHITUIL JAefiCTBUSI MAarHUTHOTO TOJI51 HA TOK, TO
ecTh PaKTUYECKHU ITO OJIMH U TOT yKe Hpudop € IpalyupoBKaMu
OJT pa3Hble pu3nIecKue BeJTUIUHBI Y2Ke B COOTBETCTBHE C 00-
HEIPUHATHIMUA TEOPeTUYeCKUMU uHTepnperanusavu. [loaromy
HEBO3MOXKHO HE3ABHCUMO HU3MEPHATH ¢ MOMOIIBIO OJIHOTO IIPHU-
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Oopa pasuble (PU3HIECKHE BEJIUINHBI U IPOBEPUTH KaKHe-JI100
3aKOHBI. XOTS B peajibHOCTU ypaBHeHus Makcsesna B audde-
peHIHAIBLHOMK (pOpMe eCcTh CIeJICTBAE OMHOUMEHHBIX YPaBHEHUM
B HHTErpaabHOi hopme (1 TOJIHKO HHTerpaabHasa ¢hopma mpoBe-
psieMa 9KCIEPUMEHTAJIBHO), TeM He Menee, DeilHMan HpUBOAUT
HCKITOUeHust U3 “npasuia motoka” |11, rmasa 17, maparpad 2,
¢.53|, Korja MOTOK CKBO3b KOHTYD He MeHsercs, a DJ1C ects, u,
Ha000OpOT, KOoT1a MOoTOK MeHsieTcst, a 91C orcyrerByet. To ecTn,
TEOPHS HEAJTOPUTMUTHA — HAJIO 3HATH OTBET, UTOOBI C YMHBIM
BUJIOM OOBSICHUTH, 9TO 3TO TaK U JOJZKHO ObITh. Bosiee Toro,
IO CYTH HjieH, oba npuMepa PelinMana OJIMHAKOBDI, a Pe3y/ib-
TaT — npotuBonooken! Takyke HEKPACHBO BHITJIAAUT OTHECE-
HU€ K COBEPINeHHO PAa3JUYHBIM YPaBHEHHUSIM pPe3yJbTraTa BO3-
nukHoBeHus D/IC BejencTBre JBHKEHHS KOHTYPa WU BCJIE/I-
CTBHE U3MEHEHHs 10Jis1. BCé 310 TOBOPUT O HEJOCTATOIHON 3a-
BEPIIEHHOCTH Jlazke 6a3bl dJaeKTpoaunaMuku. lasee, yaupiser
dpasza o “mocraToaHO MeIJIEHHOCTH H3MEHEeHUs BeJTUIUH [IPU
00CYKJIeHUH TPUHIMITUATBLHBIX BOIIPOCOB: BeJIb 3apaHee HEH3-
BECTHO, KaKasl IIPOU3BOIHAS HanboJIee BayKHA — TO-TO BOOOIIE
U HaJO0 yCTAHOBUTH KCHEPHMeHTaIbHO (mog00Has ke dpasa
MorJIa Obl UMETh CMBIC]I JIJIS YK€ XOPOIIIO IIPOBEPEHHOM TeOpun
IPU yKa3aHUH, C 9eM [IPOUCXOTUT CDABHEHHE).

“TIlepeapuratorieecsi mose” or GeckoHeuHoil wrockocru |11,
c. 82| — cam mo cebe HepeasJbHBI HMpHUMeEp, a YK TeM OoJee,
KOIJIa TAKOE JIBUYKEHHE BOZHUKAET MTHOBEHHO (XOTsi GBI TOTO-
MY, 94TO BO3HUKAIOT OECKOHEYHBIC TTPOU3BOIHBIC U TTPEJIC/THLHbBII
LEPEX0/], MOXKET MPHBOIUTH K PAa3HbIM pesysbraram). Vekyc-
CTBEHHOE BBEJICHHE COBMECTHBIX MPABHJ U3MEHEHHUs CKaIsIpHO-
0 W BEKTOPHOrO MOTEHINAJIA, & TaKyKe COBMECTHOTO YCJIOBUS
kaaubposku [11, ¢. 91|, Bo-mepBBIX, KOHCTATHPYET TOT (DAKT,
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YTO CHJIA — TOJBKO 0jiHa, a Bce Besnuunbl B, E, o, A - Bcriomo-
rarejbHble, &, BO-BTOPBIX, MOZXKET OTPAHUYHUTH WJIH OTOPOCUTH
HEKOTOpBIE pellleHus ypaBHeHuil MakcBesia (a JiJis 9TOro HeT
HUKAKIX TEOPETHICCKUX OCHOBAHMIH).

[loreHnuaJibl — UCKYCCTBEHHO BBEJICHHBIE BeJIUIHHBI. Tak-
JK€ MCKYCCTBEHHO “B34TO C MOTOJIKA IPEJIIIOJIOKEHNE, YTO 110~
TEHITUAJIBl 3aBUCSAT TOJBKO OT IOJIOXKEHHS U CKOPOCTH 3apsijia
B 3ama3jbIBAONMil MOMEHT (a He, HAPHMED, eIé OT YCKOpe-
Hust). HacKOIBKO BCe BCIOMOTrATeIbHbBIE YTBEPIKICHUS MOKHO
BO3BOJUTH B paHr npuHiunos? Meroandeckas omuOka — B |11,
riaasa 26, naparpad 2, c. 262| @eiinvMan OMUCHIBACT U3MEHEHHEe
nosisg E npu aBuzKeHun 3apsijia: BIEPeJId U IIO3aJd JIBUKYIIe-
rocs 3apsijia 1moJje ocjgadeBaer, a 1Mo ODOKaM — YCHJIMBAETCH, a
B [11, mraBa 26, maparpad 3, c. 274| mumer mpeoGpasoBanme

nmoJieit
E

V1—v?/c?

1 ropoputr, 4TO 3TO OJHO U TO 2Ke. Tak:Ke BbBI3bIBAET HeJg0oyMe-

HYEe YIOMHHAHUE “3HAMCHHTON 3aJa9d OIPEIeJCHHS CKOPOCTH
camosiéra” |11, c. 275], ecan 3Tn pacyéThl HUKOTIa HE MPOBEPsI-
JACH (peabHbIe KOJIeOAHUS MO 10 MHOYKECTBY WHBIX TTPUIHH
B COTHU BOJIBT HE AAAYT ITOYYBCTBOBATH 3TU pvaéTHbIe MHKPO-

BOJIBTHI ), 3T0T 3 ]heKT He MOKeT ObITh OTAETEH HPAKTHIECKH.

Bpsyg jin MOxkHO cuntarh guddepeHnuaababie ypaBHEHUs
Makcsenna 6osee oOMUME, YeM ONBITHBIE MAaKPOCKOTHIECKHE
3aKOHBI, U3 KOTOPBIX OHU “BbIJejeHbl . Hampumep, HCHOIb-
30BaHue Teopembl laycca jijigd MareMaTU4eCKUX Ipeodpa3oBa-
HUIl BechbMa OTpaHWYeHO: 3aKOH KynoHa, W3 KOTOPOTO BBIBe-
JIeH TIOTOK, HPOBEPEH JIUINb [Jisi JOCTATOYHBIX YIAAJEHUN OT
(He)Toueunoro 3apsaaa (u dpakTuUecKuil pazdépoc TOYHOCTH TI0
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KOODJIMHATAM COIOCTABAM C pa3MepaMi JacTulpl). axe 3a-
DS, CAUTAJICS HECKOJIBKO HICAJTU3NPOBAHHBIM — (DAKTHIECKH
YCPEeTHEHHBIM: HET CTPYKTYPBI MUKPOYACTHI], OHH He 00J1aa10T
MarHUTHBIMIA MOMEHTAMHU, CBOWCTBA UX CHEPUIECKH CUMMET-
puunbl. Cjie0BaTE/IbHO, J1aXKe K OTAE/JIBHOMY JIEKTPOHY ITOT
BBIBO/[ HELIPUMEHUM (TOYHee HeCTPOrHil, 6e30Ka3aTebHbI). A
yK TeM Oojiee pa3buBaTh dJIeMEHTAPHBLIN 3apd/ Ha emlé OoJiee
MesKue Hechepuaeckne 4acTh (¢ HeU3BeCTHON pealbHOM CTPYK-
TYpOIf, MJIOTHOCTHIO W MOMEHTOM) — CIUIONTHAs (abCypaHast)
runore3a. Tak kak B CTO 3apsy — Toueunsiit, To div E 6ecko-
HEYHA B 9TUX TOUYKAX M JEKTPOIMHAMUKA BOBCE HE CTHIKYeTCH
¢ CTO. Tostomy, kpome TpeboBanmit Koneunoctu div E, p u
OTCYTCTBUS 3apsI0B Ha OTPAHUIHBAIONIEH MOBEPXHOCTH, (haK-
THYECKH IIPH BBIBOJIE UCIOJIb30BAIUCH YCPETHEHHDBIE BEJTUINHbBI
div E u p (10 HEKOTOPBIM pa3MepaM, IPEBBIIIAIIIM Da3Me-
PBI 3JIEMEHTAPHOIO 3apsifa). A W3 paBeHCTBA WHTETPAJIOB [IJIsi
YCPEHEHHBIX BEJIUYINH BOBCE HE CJIEyeT PABEHCTBO O/ BIHTE-
IpaJIbHBIX (PYHKIHH, TaK Kak 00bEM dV He coBCceM POU3BOJIEH:
OH HE MEHbIIIe HEKOTOPOI'0 KOHeIHOTo 00 béma. Takum obpasom,
9TO MPOCTO BEPA B BO3MOYKHOCTH BBe/eHUsT (DYHKIUI, TAIOIIIX
Ha MakKpoMaciiTabax TOT K€ pe3yJIbTaT, 4TO U YCpeIHEHHbIE
mukposeananabl div E; p. Ho Ha Mukpomaciirabax (Brpouem,
KaK U HA MeraMacinrabax) X MOBeJeHHe MOYKET CKOJb YTOIHO
OTJINYATBCA; 9TO MPEPOraTUBa OIBITA — MCCJIEJI0BATH UX JIId
sJieMeHTapHBIX dacTuil. Kpome Toro, 3akon Ky.sona 6oJiee onpe-
JIeJIEHHBIH, YeM guddepennnanbHoe ypaBHeHHe

div E = 47p,
TaK KaK U3 BeJUYUHBI 3apsja B 3akoHe KyioHa o/[HO3HAYHO

caemyeT Cuja, AefiCTBYIOas Ha MPOOHBINH 3apsii, TO eCTh IO-
ge. A B ciydae muddepeHnna bHOR (HOPMBI OTHOMY 3apsiay
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MOZKET COOTBETCTBOBATH MHOKECTBO 10JIel (TO ecTh, B ypaBHe-
HHSAX HA CAMOM JIe/I€ HET 3HAKA DABEHCTBA W BBIBOJ HE COBCEM
TOXKIECTBEHEH ).

Omnpegenenne paboThl JIEKTPOCTATUICCKUX CHJI — BOOOIIE
MeTOJInYeCKHil HOHCeHC. Beb BCE 9TO BBIBEJIEHO JJIsi B3AUMHO
HOKOATIHXCsT TesT (nHade, 910 Takoe craruka?)! B neficturess-
HOCTH JIGKTPUUECKas CHJIa 3aBUCHT He TOJHKO OT CKOPOCTH,
HO W OT YCKOPeHWs, CJIed0BaTe/IbHO, JJIsI TyTeil pasHoit ¢dop-
MbI (TaK KaK yCKOpeHHsi OyyT MEHSThC KAK MUHEMYM O Ha-
IpaBJIEHN0) PaboTa GyIeT pa3Hoil (M HHTErpast o 3aMKHYTOMY
nyTu He GyJeT paBeH Hym0). A i agnabaTHYecKuX JIBHKe-
HUI ¢JIe0BaJIO ObI UCKATH MPeIes U I0Ka3aTh ero MOCTOSHCTBO
npu v — 0,a — 0. Mcnonp3oBaame MaTeMaTHIeCKO# TeOpeMbl
Crokca [gist onpejieieHus UPKYJIsiun moJst |6, naparpad 7,
c. 42| He coBceM KOPPeKTHO. Bo-mepBbIX, KOHTYD HE JIOJKEH
IepecekaTb HU MOBEPXHOCTHBLIE, HU OOBLEMHbBIE 3apsijibl, BeJIH-
YMHA MOJs JIOMKHA ObITh KoHeuHOi u Hempepbiaoil (CTO ¢
eé TOYeUHBIMU 3apsilaMi Cpa3y OTmnagaer). Bo-BTOPHIX, 3aKOH
Kystona ayist mosist BeiBesieH (IPOBEPEH) TOJIBKO JIIs “Me30Mac-
mTaboB” W ero moBelieHHe B MHKpOMAcCIITabaX, CPaBHUMBIX C
pa3mMepaMu YacTHIl, HeM3BeCTHO. Takum oOpazom, MbI HE MO-
JKeM TPOU3BOJIbHO MEHATH L B

?{ Edi
L

- KOHTYD L He MOKeT OBITh YMEeHbBIIIEeH KaK YIOHO; AHAJOTUIHO
S — KOHEYHO I fs rot a dS. Ho torma w3 wHTErpasbHOTO

/rotadS:O
s

YCJIOBUS
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He ciaegyer, 4To rot a = 0 - B MUKpOMacIITadax 3Ta BeJTUIH-
HA MOZKET OKa3aTbCsl MPOU3BOJILHON — HANPHUMED, COIEPKATH
OBICTPO OCIULIMPYIONIHE U OBICTPO YOBIBAIOIIUE C PACCTOSHUEM
qienbl. HermpepwiBHOCTL F; - TaKzKe He COBCEM OYEBWIHA; Ha-
HPUMEP, BO3MOXKEH CJIydail CKAYKa HA MOCTOSHHYIO BEJIMIHHY,
1 TOTJIA JIOKA3aTEJHCTBO € IIOMOIIBIO PpabOTHl O 3aMKHYTOMY
KOHTYDPY HHYEro He UCKII0YAET.

Bsenenne ousnvyeckn 6€CKOHETHO MaJIbIX BEJIUYINH U YCPE/I-
HEHUE [0 HEKOTOPOMY MaJIoMy 00bEMY HpeJIoJaraeT, aTo 3Ta
BeJIMUMHA JIMHeiHA W oKas3biBaeT ‘JnHeiinoe” Bo3aeficTBhe Ha
UHTEPeCYoNLyo Hac Bejanuunny. Muade, Has0 BBOAUTHL 3 dek-
TUBHbIE BEJWIUHBI (OTJIMYHBIE OT CPEJHHUX) U HCKATH CBSI3b
Mexk1y 3hdeKTuBHBIMEU, a HE MCTUHHBIMEH BejanduHamu. 160
TOJIBKO 3T CBSA3b M TOJHKO TaKUE BEJIUUYMHBI U3MEPUMBI B 9KC-
nepuMenTax. PaBeHcTso

W

oxr Oz
1utst ckastspa |6, maparpad 25, ¢. 120] BeiBeieHO TIpH JOMOJTHU-
TeJIbHOM TPEIIOJI0KEHHN O He1e(DOPMUPYyEMOCTH 00bEMa U ero
HEPA3PBIBHOCTH (CBA3HOCTH).

[TockobKy ypaBHEHUS MUKPOCKOMHUYECKOTO MOJIsT HE BBIBE-
JeHBl CTPOTO JIJIE MUKPOMACIITA00B (BepHee, IPOTHBOPEUUBEI
Ha MAaJIbIX PACCTOSHUSIX ), TO OTCYTCTBYET CTPOTOCTH U MPH T1e-
pexojie K yCPeJHEHHBIM MAKPOCKOIMIECKUM YpaBHEeHHM |6, ma-
parpad 26, c. 123|. Hekoropasi BHyTpeHHsIS HeyOBIETBOPEH-
HOCTH YYBCTBYETCSl M LPU OLMCAHUHM JIUIJICKTPHKOB (HECAMO-
COTJIACOBAHHOCTH, HECAMOJIOCTATOYHOCTh) — MOCTYJIUPOBAHIE
KBasuynpyrux cui |6, naparpad 27, c. 126] 3acraBisier “noj-
DIASIBIBATH B OTBET  (M3MepsITh 3apaHee HEKOTOPBIE CBOHCTBA,
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9TO0BI OTOM HX OHMHCBIBATH “NPaBUIbHBIM oOpasom”). Ilpu-
PaBHUBAaHUE CPETHIX BEJIUYUUH MIPU ONMPEIeTEeHIHN TOIAPU3AIINH
JIMIJIEKTPUKAa — OOJIbIlIas HaTsKKa. Jleso B ToM, 4TO cpej-
HIEe BEJNYNHBI, KAK MPABUJIO, OKA3BIBAIOTCSA HAMHOTO MEHbIITe,
9eM aMILIMTY/Ibl BEJIMYUH (HAIpUMED, 10Jiefl) Ha MHKDOMAC-
mrabax. [losTroMy Takoe npupaBHEBaHUE — CKPBITad Bepa, 9TO
BCE MOXKHO B HEKOTOPBIX Ipejesiax JuHeapn3oBarTh. OIHAKO Ta-
KO€ cpejiHee TPUBOJIUT K 3aMeHe MOJSIPU3YEMOCTH HEKOTOPHIM
5bdeKTHBHBIM 3HaYeHHeM (TakK Kak “BKJIIOYAIOTCS” W HeJIHHeii-
Hbl€ YYaCTKH 3aBHCHMOCTH). B pesy/ibrare mMeeM HEKOTODYIO
IPUMATHBHYIO (PEHOMEHOJIOTHIO, TaK KaK HET Jlayke TeopeTHye-
CKOi1 CBA3M MexKay 3THM 3(PPeKTHBHBIM K03DDUIIeHTOM ¢
M UCTUHHBIM 3 U3 KBAHTOBOMEXaHUIECKUX (MU JIIOOBIX MUKPO-
CKOINUIECKUX) PACIETOB.

YT10o MOXKHO, a 4ero HeJib3d OXKUJIATH OT ypaBHeHU# Makc-
Beﬂﬂa? BO—HepBBIX, OJHO M TO 2Ke€ dBJICHHE MOI'YyT OIIMChbIBATH
HECKOJIbKO ypaBHenuit. OdeBUIHO, UTO JI00ast pu3mdeckas
3aBUCUMOCTD BEJIMYMHBI OT IApPaMeTPOB OIpejiesieHa He KaK Ma-
TEMATHYECKAd JIUHHUA, & C HEKOTOPOH KOHEYHOH TOYHOCTLIO
(BCIIOMHMM TaKzKe MPO TOYHOCTD OMPeJIeTIeH s CAMUX apaMeT-
POB, MHEPIUAJIBLHOCTH PUOOPOB, CJAA0YI0 B3aUMOCBSA3b JIAHHO-
T'0 BBIJIEIEHHOTO SIBJEHUS C IAPYTUMH SIBJICHUSIMHU, TTPUCYTCTBHE
dbaykryanuii), To ecth Ha Tpaduke dU3MUECKasd 3aBUCHMOCTh
BBIPAZKAETCs TOJIOCOH, & He MaTeMaTUIeCcKoil jimnueil. Takum
obpasoM, ofiHa U Ta ke DUMIECKAs] 3aBUCAMOCTD (J1ayKe, BO3-
MOYKHO, KOMIIJIEKC SIBJICHHIT) MOXKET € TOi JKe CTEHeHbIO TOTHO-
CTH OIIUCbhIBATbCA HECKOJIbKUMHU DAa3HbIMU YPpaBHECHUAMU (;Lame
PA3IUYHBIME “TI0 KA4eCTBY : aJreOpamdecKuMu, TPAHCIEeHIeHT-
HbiME, AuddepennuaibHbIMUA, THTEIPAIbHBIMU, OTEPATOPHBI-
MU ¥ JIp.). BO-BTOPBIX, ec/iu BBIOPAHbI HEKOTOPBIE KOHKPETHbIE
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yPaBHEHHU, OIMMCHIBAIOIINE HEKOTOPhIE KOHKPETHBIE (PeHOMEHbI
(mampumep, ypasHenust MakcBesia win ypasaenne /Inpaka u
T.J1.), TO HET 3apaHee rapaHTHH, YTO OHU ONUCHIBAIOT BECh KOM-
IJIEKC OJIHOTUITHBIX SIBJIEHWH (BKJIOYas Te, KOTOPbIe TOJIHKO
OyyT B HOCJeLyIoneM OTKpPHITh). K coxkajaeHuo, oueHb da-
cro baHaTHYHAS Bepa B “HENOIPEITUMOCTD” (IPUHIUTHATBHY IO
CTPOrOCTh M MOJTHOTY ) HEKOTOPBIX YDABHEHU{T 3aCTaBIIsIET MCeB-
JIouccaeoBaTeeit 1oboit MeHoi cracaTh 3Ty CBOIO BepY, BBLILY-
MbIBast pasubie rumoresbl ad hoc (crenuanbHO 1j1st KOHKPETHOTO
YACTHOIO SIBJICHU:) U LIPOU3HOCS B “CJIOKHBIX MecTax’ HpPaB-
JIONoI00HbIe “HAay4YHbIe 3aKAuHaHus . B-TpeTbux, HeT HUKAKOH
rapaHTHH, YTO BCE YACTHBIE PEIIEHUs HEKOTOPOil “MMeHwU-
TOI” cHCTEeMBl ypaBHEHHH HMEIOT XOTh KaKOH-TO (pu3mIecKui
CMBICJI. BCIIOMHEM PO OTKY/Ia-TO MOABJILIONIAECs “Hedu3nde-
ckue objiacTu’ | 3aKJIMHAHUS O HEIPUMEHUMOCTH YpaBHEHUI B
KaKoii-To 06/1aCTH, HA KOTOPYIO “HAIIOPOJIUCH 3aIHHM YHCJIOM H
T.1. Onra n3 337249 PU3NKN — BHISICHEHNTE (PUBUIECKOTO CMBIC-
JIa y TOrO WJIM WHOTO pelleHud. YpaBHeHHs Makcpesuia, Kak
1 BCAKHUE CUCTEeMBbI T depeHIuaIbHbIX YPaBHEHUI B 4aCTHBIX
IPOU3BOJHBIX, “meperpyzkenbl’ (MHorume “ordonapHbie” perire-
HUA MOT'YT OBITH MOJIyYeHbI IPH HAJIOXKEHUHU OIPEeAeTEHHBIX J10-
MOJTHUTETbHBIX YCJIOBUH — TPAHWYHBIX, HAYAJIBHBIX, KaJIUOPO-
BOYHBIX, I B 3aBUCUMOCTH OT IPUIAHUS (PUIHIECKOTO CMBICTIA
TON WM WHON KOMOMHAIIMK CHMBOJIOB). 10 9acTHOMY MHEHHIO
aBTopa, B ujeane (Korga-HuOy p B Oymyiiem) GU3MKa JT0MKHA
pa3BUBATBLCS HE 10 MYTH YCJIOKHEHUs] YpaBHeHHH (MaTeMaTu-
K1), a, HA00OPOT, CTPEMUTKCSI K TIPOCTOTE, K MOUCKY COUETAHMSs
UPUHIUIOB, KOMOUHAIMK perieHuii (BO3MOKHO, IPOCTERIITNX —
anrebpandeckux). Tak 4To mpu3HATH ypaBHeHHs MakcBesuia
“m1eal0OM Ha BCE BpeMeHa HUKAK He MPEeJCTABIACTCA BO3MOK-



[rasa 5. Ypasaenns Makcsesnia 63

HbIM.

B GonpmmHCTBe ypaBHeHUI (DU3UKN 3HAK PABEHCTBA HE MO-
JKeT ObITh MOCTaB/IeH, TaK KaK HeJb3sd MOMEHSTh MPUYUHY U
crencTBre (M HAZO YE6TKO PA3leNisiTh, YTO 3aIaHO KAK BHEI-
Hee yCJIOBHe, & YTO 10 CMBICTY (hopMysibl — mimercs). Hanpu-
Mep, B XMMUU BMECTO PABEHCTBA YaCTO CTABAT CTPEJIKH, YTOOBI
yKa3aTh HampaBjeHue mnporecca. OIHO U TO ¥Ke CJIeJICTBUE
MOTYT BBI3BIBATH HECKOJBKO TPHYUH (BBIPAZKAEMBIX PA3HBIMH
3aKoHaMU U (pOpMyJIaMu U 3HAHHE CJICJICTBHUS HE BJICUET aBTO-
MaTH4YecKoe 3HaHue npuanibl). Kaxaas dbopmyna umeer cBO0O
061acTh TPUMEHUMOCTH (YCJIOBUSI BBITIOJTHEHUST 3aKOHA W €ero
IPUMEHUMOCTH K JIAHHOMY KOHKPETHOMY CJIy4alo). Berpedaror-
¢S CJIydau, KOTJIa BBIBOJBI, JiejiaeMble TIpu “obparenun’ Hop-
MYJIbl OKA3bIBAIOTCSI HEBEPHBIME (3TO CTOUT IIOMHUTDH U IIPU Pe-
IIEHUH CHCTEMbI YPABHEHHIA ).

Korna meiTaorcss “cTporo” BBIBECTH MAaKPOCKOIUYECKUE
ypaBHeHHsI MAarHUTHOTO 11014 |6, maparpad 67, c¢. 303| u nesrator
MHOZKECTBO yIPOINAIONIAX HPEANOJIOKEHUN, TO HAYKOOOPA3HO
OIIPaBIIBIBAIOTCS, YTO “BCE PABHO BCIIOMOTrATe/bHbIE BEJIHINHBI
BBITIA/IYT U3 KOHEYHLIX ypasHenuii’. Ho 3To “3aknunanune” ne
SIBJISETCS CTPOTUM JIOKA3aTeIbCTBOM, TaK KaK IIPU 3TOM MOTYT
quCIOBbIe KOIMDMUIMEHTHI 0Ka3aThCsl OTINIHBIMA OT 1 (Hampu-
Mep, JIIs 00bEMOB 1 IIomma el ornomenue V2 x S% 3aBucut ot

bopmbl orparmIMBaOIIei TOBEPXHOCTH S).

Ob6paruM BHUMaHWE, YTO TOK CMEIeHWsS BBOJIUTCS HYHUCTO
dbopmainbho [6, maparpad 88, ¢. 403], aTobsI coracoBaTh ypas-
HEHUE MArHUTHOIO IOJI CTAIMOHAPHBIX TOKOB C yPaBHEHHEM
HENPEPBIBHOCTH (TO €CTh ONATh, /I MOCTYJIUPOBAHUS TIPEIK-
Heil dopmbl ypasrenuii). [TockobKy mepBoe u3 3THX ypaBHe-
HUI MOXKET COJepKaTh HeyUTEHHbIe J00aBKH (MHTErpasbHbIH
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3bdeKT 0T KOTOPhIX 00paIaeTcs B HYJb), TO U HOBOe ypaBHe-
HEE OKA3BIBACTCs BEPHBIM C HOAO0HOI 7Ke “TOYHOCTBIO” (MOKeT
BO3HUKHYTb M TaKOH BOIPOC: MOYEMY MbI OTHOCHM HOBYIO JIO-
0aBKy TaK Ha3bIBAEMOTO “TOKa CMeIleHns K HOBOMY OITpejesie-
HUIO j, a He u3MensieM, Haupumep, H?). Kpome obrenpunsito-
I'0 BbIpAyKEHUs W3 TE€X K€ MMPUHITUIIOB MOXKHO K j; 100aBUTH
JI00Y10 DYHKIINIO, TUBEPreHITHs OT KOTOPOi JaéT HOJIb, U IIPH
9TOM, B 3aBHCHMOCTH OT KOHKDETHOI MTOCTAHOBKY 3a1a4u (H.Y.,
r.y.), 31 GbyHKIuu MoryT 66Th pasabiMu! Tokn poBoauMocTH
U TOKH CMEIEHUsI OKA3bIBAIOTCS HEIKBUBAJEHTHBIMU JIJIsI Psi-
na 3bderToB (HAIpuMep, JZKOYJIeB HAPEB U JIP.) U MPUXOIUT-
¢ (pakTHYECKH “NOJANISAIBIBATL B OTBET , YTOOLI MPOU3HECTH
“mpaBIonoI00HOe 3aKJIuHaHKE”, “00bsICHsIONIee”, ToYeMy B OJI-
HUX CJOydagx OHH YYHTHIBAIOTCs, & B Apyrux — uer. (Bompoc o
TOM, MOYKET JIU CyIIecTBOBaTh noJjie B coBcem 06e3 3apsa 0B ocTa-
éTcst OTKPBITBIM: (DUBMKH JTABHO OT abCOJIIOTHOM MyCTOTHI 0e3
cBoiicTB “capeiichoBann’ K “PU3NIecKOMYy BaKyyMy ¢ HaDOPOM
CBOMCTB”, TaX 9TO, MOKeT OBITh, mosie EE MoxXKeT ompeneasaThes
nossipusanueil Bakyyma?). CupaBeyinBocTh ypaBHenuii Makc-
BeJLJIa B PEAJIbHBIX CPEJIAX TaKKe OKA3bIBAETCS O/ COMHEHHEM
BBUAJY HaJIMYUS YACTOTHOWU AUCIEPCHN U HEJUHEHHBIX CBOUCTE,
3aBHCSIIUX OT CAMOT0O MIPOTEKAOIIEro mporecca (K 3Toi dacTu
SHAHWI (DU3UKU TPAKTUYUECKH eIE He Toa06panncs). B ciayuae
KBa3UCTAIMOHAPHBIX UJIH [IEPEMEHHBIX TOKOB J/IsI PA30MKHYTOM
IENU Pe3yJIbTaT CUJAbHO 3aBUCHT OT “NMyTH 3aMbIKaHUA KOHTY-
pa, U KpaTJdallnii IyTh HAUYEM He BBIJIEJEH — 3TO O4YepeaHoe
npasaononodHoe “sakamHanme”’. OnpaBaarh €ro MOXKHO OBLIO
Obl C TOYKHU 3PEHUS HOTOKA YHEPIUH, HO B HPEJIIOJIOKEHUN HA-
JINYUS UHEPIHAJIBHBIX CBOMCTB y TOJIeil — TOr1a SHeprus dJ1eK-
TPOMArHUTHOTO TIOJIs B BaKyyMe IS WHEPIUAJBHBIX CHCTEM
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pacpocTpansaach Obl 110 mpAMoii. Ho Bcé paBHO BO3HUKAET BO-
poc 00 0000IIeHUAX s CAydasd HaX0XKICHUS KOHTYpPa TOKA B
HEMHEPIUAIBLHBIX CHCTEMAX.

KOI‘,ZLa IO UHTErpaJibHbBIM 3aKOHaM PAaCCHYUTLIBAIOT ITOJIA (I/I
CHJIy) B HEKOTOPOil TOYKe, TO HAJO 3HATH pACIpeJe/eHHe 3a-
PsIIOB U TOKOB OT BO3jeficTByIomeit obsactu (I/I 3TO 3aJaHUe
pacupeaesieHnil He BbI3bIBACT HPUHIMUIINAJIbHBIX CJIO)KHOCTefI).
[Ipu pemenun ke guddepeHnuaIbHbIX YPABHEHUNR IOJIA MbI
JIOJIZKHBI 3HATH HAYaJIbHbIE YCJOBUd BO Becell objracTu W rpa-
HUYHbIE YCJIOBUS HA BCeil (HEKOTOPOIi) 3aMKHYTO# OrpaHHuYHBA-
T0ITIeil TTOBEPXHOCTH B MPOCTPAHCTBE. 3a/aHne MOT00HBIX YCI0-
BUI HUKOI'/ITa HE dABJIdeTCd CTPpOruM KW He BCerla JazKe MHTYH-
THBHO OYEBUIHO (9TO K BONPOCY O MPEANOUTUTENbHOH hopme
OCHOBHBIX ypaBHeHHN SJIeKTpOLLI/IHaMI/IKI/I). [To cyTu, Mbl nibITa-
e€MCs B TIOCTAHOBKE 3aJIa4l MOCTYJIUPOBATDH KeJATeJIbHYIO HAM
dbopmy pacupenenenus (10Jist), a BeJib €IIE OCTAIOTCSI BOIPOCHI
0 peaqu3yeMocT (M yCTOHYHBOCTH) 3TOTO “aKaJeMHYecKOro”
pelenus.

B [6, nmaparpad 91, c. 423| moBOJIBHO YETKO TPU3HAETCS,
YTO TMocje 0DOOIIeHNs] SMITUPUIECKHX 3aKOHOB CHCTEMa YpaB-
HEHUH TOJIg O0bAB/IAETCH “‘MaTeMaTUYeCKUMH aKCHOMaMu', W
Jlajgee UX MOZKHO TOJBKO CTPOTO WM MPUOJTUKEHHO MaTeMaTH-
YeCKH pelraTh, He 33/ [yMbIBasCh 00 UX PU3NIECKON CTPOTOCTH.
MakpockonudecKkre ypaBHEHHS OIS BBIBOJIATCS B HEKOTOPBIX
VIPOIIAIOIINX PEIIOJI0XKEHUAX 0 CBOHCTBAX CPeJibl (TO eCTh
9TO MOJEJIbHBIE€ YPDABHEHNUS W HE CTOUT OOBSABISITH UX CTPOTO
BepubIME “Ha Bee Bpemena’). Ilpeamonaraercs, aro dyHkius
(OKa3BIBAOIIASICS TTPOM3BOJIBHON MOCTOSTHHON OT t) JMBEpreH-
mun oT B Bcerja paBHA HY/IIO HE3aBHCHMO OT ITOCTAHOBOK 3a-
nad. JTaee, Mbl iMeeM He cucremy ypaprenuii (1), Tak Kak 0HO
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U3 YpaBHEHUN:
div D = 4mp

OKa3bIBAETCS OIpeAesieHneM. Takzke MOCTYJUPYeTCs JInHET-
Hasl CBA3b JIJIS ONKUCAHUs CBOMCTB peajbHOil cpeabl. meem 17
JIMHEHHBIX YpaBHEHUIT OTHOCHTEIHHO 16 HEH3BECTHBIX (3HAYMT,
JJ1d OJIHO3HAYHOCTH pelleHud OJHO ypaBHEHUEC HOOJIZKHO 6bITb
JIMHEHHO 3aBUCHMBIM, UM Ke 9TO — MOJArOHOYHAs (byHKIMsI!).
Y10 MoKeT 03HAYATH BBIOOD €, (1, A B KA4eCTBe 3aIaHHbIX (DyHK-
muit? Ecau MBI IJ1sT TAKOO BBIOOpa y2Ke HPOBENH dJIeKTpHUe-
CKHEe W3MEepeHus JIAHHBIX (PYHKIWH, TO B 9éM TOr/a 3HAYCHUE
ATUX ypaBHeHI/HU/I7 Be/b Mbl TOI'Jd BMECTO M3MEpEHUA BCIIOMO-
raTe/JIbHBIX XapaKTepPHCTUK MOLIX OBl Cpa3y H3MepsTh Te Be-
JIMIUHBI, KOTOPbIe HAC WHTepecyoT. Ha camom rese, Hexb3s
CUNTATH ypaBHeHHs] MaKCBeIa caMOCOTIACOBAHHBIMU (U MOJI-
HbIME!) ¥ HAJI0 00PAIIATHC K KAKOH-TO MHON TeOpHu, mo3BOJIsI-
o1eii He3aBUCUMO ITO/ICIUTATH 3TU MAPAMETPBI CPEJIbI. 3amMe-
JaTeabHO, 4TO B |6, maparpad 91, c. 426] yérko moguépkuBa-
ercs, 9T0 0e3 yKa3aHnsg KOHKPETHOTO CIoco0a m3MepeHud
BO3EHCTBUS OT JIEKTPOMATHUTHBIX IPOIECCOB 3TU YPABHEHUSI
camMu 1o cebe Hudero He o3HadaT. Ho “ompemensarns’ mpei-
JlaraeTcs depe3 n3MeHenue (MOCTYINPOBAHHOTO BbIPAKEHNUS)
9JeKTPOMArHUTHON 9Heprun! BBIBoJ MaKpOCKONIMIECKHAX YpPaB-
Henuit Makcpesia n3 MEKPOCKOITMIECKUX YPABHEHUH 3JIEKTPO-
MarHUTHOTO MOJIsI TOYKe MPOUCXOTUT HPHU PsAJie JOTOJTHUTEIb-
HBIX IIPEANOJOKEHNA.

[Ipu jokazaTeybecTBE OJHO3HAYHOCTU PEIICHUl ypaBHEHU
Makcsesta |6, maparpad 93, ¢. 435 uCHONB3YIOTCS CAUIITKOM
CUJIbHBIE yeaoBus: u0o0 3a1anbl moyst E u H B moment ¢ = 0 Bo
BcéM (1) mpocTpaHCTBe, YTO COBEPINEHHO HEPEAJTbHO U TeOPETH-
YeCKd W mpakTudecku, u6o noias E u H samxans ipu ¢t = 0 B
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HEKOTOPOM 0ObéMe (UTO TOXKe CII0KHO), JIa ellé /I OJHOIO U3
oJIeil M3BECTHBI I.Y. 110 OTPAHHYNBAIOINIET 00bEM MOBEPXHOCTH
B TedeHme Bcero BpeMmenn 0 < ¢t < ¢ (MHOFOBaTO TpebyeTcs
BCITOMOTATEJIbHBIX JaHHBIX). Jla eIé moToM HaIararoTes yCao-
Bug ECTP = 0 u Bo3MoOKHBIE Pa3Hble PEIICHUS COBIAJIAIOT B
HadYaJ bHBIH MOMeHT. Vcmosib30oBanne mpubInzKEHHOTO BEKTOpa
[lo#taTuHra 119 TaKuX OOMINX HO0KA3aTEIHCTE COMHUTEILHO II0
CTPOTOCTHU. YCJIOBHSI Ha OECKOHEUHOCTH TOXKE BECHhMAa YKECTKUE
1, BOOOIIE TOBOPS, NCKJIFOYAIOT KJIACCHI 330a4 C W3JIYUEHHEM, C
HOCTOSTHHBIM TIOTOKOM, € 3aJlaHHbIMK ocriutsinusMu (orykry-
ATUSIME ).

He mongarHo, yeM ObLIN HEYIOBJAETBOPHTEIBLHBI ¢ MPpaKTHIe-
CKOIl TOYKH 3peHusd MHTerpasbhuble ypapHenus XIX Beka? 3uasd
p U j MOZKHO 9€TKO PACCIYNTATh U PeajbHble CHJIbI U (BCIOMOTra-
resibHbie) moas E u H. Toabko Ju u3 npuHImna, 9r00bl SKOOBI
OTKa3aThCA OT TEOpUHU najbHomelicTeus? B pesyabrare, BMeCTO
IIECTH HEeU3BECTHBIX KOMIOHEHT ToJell BBoAAT |6, maparpad
94, c. 437 HOBBIE YeTBIPE BCIOMOTATE/NbHBIE BEJIUIUHBI — I10-
rennuajbl @ u A. Ilpu 3T0M cYUTAIOT TOCTOSTHHBIMEU CBOWCTBA
cpenbl (MHAYE HUYEro He MOJICYUTACIIb, XOTsl OHU-TO 3apaHee
Hen3BeCTHBI 70 u3mepenwuit!), a Begap div B = 0 - qump gact-
HBIIl MaTeMaTu4uecKuil caydait: ecau p - GYHKIHSA, TO HATO BbI-
ouparp Jmbo div H = 0, qubo div B = 0. Takum obpaszom,
orpeseseHne

B =rot A

- y’Ke orpaHmYeHHOe (ONpejeéHHAasl JacTHas runoresa). la-
Jiee, BBOJUTCS AOMOJIHUTEJIbHASA CBA3b Ha 3TU YEThIPE Be-
JIMYUHBL:

div A = 122
c Ot
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U B pesymbrare OnATh MO p W j HAAO MOJACYUTATH @ U A, H
Jinib 3areM — Bennaunbl nosieii E w H. B urore Bcé pasnO
MOJIYUMJIACHh TOJIOBUHYATAS TEOPHs, TaK KaK B TOJEBOH TeOPHH
B HW/leasie CaM¥ BeJIMYNHBI (KAK HCTOYHWKY MOJIS) P U j JTOJKHBI
ObITh UCKOMbIME (DYHKIUAMHU. A 1A 33/1a4a MATEMATHYECKHT HE
pereHa (CJIUMKOM CI0YKHA), TO €CTh MPOCTO MOYNPAKHIAIUCH
B HANNCAHUE “KPIOYKOB (TaK KaK HOCTAHOBKA 3amadn ¢ XIX
BeKa MPAKTUYECKHW He MOMeHsIach: 3aJaHbl p U j, Hailtu E u

H).

B pemenun cdepudeckoil 3ajauu KpoMe 3amas3/IblBaIoOIIX
HOJyYaloTCs W OIeperKaloliie noreHnuansl [6, maparpad 95,
c. 441], koropele, KaK MPaBUJIO, TPOU3BOJIBLHO OTOPACHIBAIOT-
cd. Jid 0lHOrO TOYEIHOr0 UCTOYHUKA ITO €Ié MOXKHO UHTYH-
TUBHO IIPUHSATH (OMSITH MBI “IIONpaBsieM’ MaTeMaTHKY ), a JJIs
3aps/I0B KOHEYHOTO pa3mepa (KOrja KaxKIyi TOYKY OKpyzKa-
0T JIPyTHe 3apsiyKeHHbIe TOYKH W HAJI0 YIUTHIBATH “OTpParKEH-
Hble” B pasHOEe BpeMd T0Jis1) Tpebyercss o0ocHOBaHUe. Perenne
¢ 3ama3jplBaloNuMK ToTeHnuatamu |6, maparpad 96, c. 447|
OPEAIIOIATAET JOBOJBHO MCKYCCTBEHHBIA CJay4all MOCTOAHCTBA
CBOMCTB CPeJbl € U (1, ©HAYE MBI HMeeM He IMOTEeHIUAJIbI B TOU-
Ke, a HEKOTOpbIe “CJIOKHBIE cpeanne”’. 3amuch BMECTO BEKTOPOB
CKaJAPOB R 1 v 03HaYaeT JIMHeitHOe IBUKEeHHe 3apa,/1a 1 HabJIio-
JICHHE 3a HUM BJIOJIb OJIHO JIMHUU. 3aBUCUMOCTD MOTEHIIHAJIOB
B KaXKJIOH TO4YKe OT ¢ — % JIJIS BCETO MPOCTPAHCTBA, O3HAYAET
3HAHUE paclpeleeHuil 3apsaoB, TOKOB U JBHKCHHI B KaxK-
JI0ii TOYKe MPOCTPAHCTBA B TeYeHHe BCEr0 BPEMeHH (TO ecTh
HYZKHBI CJIMIIIKOM JIeTaJibHbI€ 3HAHUS B OKOHYATEJbHOW pop-
me)! [TosrydeHHBIe YPABHEHUST CBHUJIETEIBCTBYIOT, YTO TOKH CMe-
IEHU — BCIIOMOTaTe/JIbHOE TOHATHE, TaK KaK 0e3 JIBHUKEHUS
3ap4/I0B OHH He cymecTBYIOT. OIHAKO OHU UCIOJIb3YIOTCS B Me-
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XaHU3Me PacipoCTpaHeHus o, U TIOTOMY TeOPUS KayKeTCs He
COBCEM TOCAE0BATENbHON, TaK KaK MPOMEXKYTOYHOE 3BEHO
ONATh OTCHLJIAET K HEU3BECTHOW TIEPBOIIPUYIHHE.

B yuebuuke [4, 1.7.11, ¢. 259] TOK cMelmenns BBOAUTCS UC-
KYCCTBEHHO C €JIMHCTBEHHON IeJIbI0 — CJIeJIaTh COBMECTHOR CH-
creMy BBOAMMBIX JiupdepeHiuaibubix ypasuenuii. Ho 3ame-
THM, 9TO 3T COBMECTHOCThH HEe HMEET OTHOIIEHUS K CJIeIyIo-
IIIUM BOTIPOCAM: BCE JIM CJIy9aW MOYKET OXBATUTh 3T CUCTE-
Ma ypaBHEHHUH, & TaKzKe SIB/ISIIOTCS JIM PENIeHUs B PA3PEIINMbIX
CJYYasgX TOYHBIMHU WU HPUOIUKEHHBIME, B HACKOJIBKO YHUBEP-
caJieH, eJIMHCTBEHEH M TO0Je3€H IMO00HBIN BBEIEHHBIH CIIOCOD
OMMCAHUST JIEKTPOMATHUTHBIX SIBJICHUH (CMENTHO TaKKe BBITJIsI-
AT “‘cozKaJieHne aBTopoB”’, 4To MaKcBeJs1 He MOI' HCIIOJIb30BAThH
Teopuio orHocuTeabHOCTH). [lo cyTu, B ypaBuenunsx Makcse-
Jda [4, m.7.13, c¢. 264 Mbl umeeM 8 NUHEHHBIX ypaBHEHUI, HO
IJTIOTHOCTH 3apsijia W TOKA CUYUTAETCH 3aJaHHOH BO BCEM TIPO-
CTPAHCTBE, TO €CTh HEU3BECTHBIX — MIECTh (M JUBEPrEeHTHbIE
VDABHEHHsI — 9TO IPAHUYHBIE YCJIOBUsS JJIsl TOJIel). 3aMeTuM
TAKKe, 9TO IaCTO MPUXOJAUTCS €IE U 331aBaTh CHMMETPHIO 3a-
JAYd OTIEIHHO (A He ABTOMATHIECKH [OJIyYaTh €6 B PellleHun! ).
Jlasee, He cTOUT MyTaTh MOPSIOK BOIPOCOB M OTBETOB: 1. Cy-
IIECTBYeT JIH HEKOTOpoe TOuHoe perienue B [Ipupone; u, ecin
- Jla, TO MOXKHO IIPOBEPUTH: 2. HAlOT Ji ypaBHenud Makcpesi-
J1a 3T pererne (HO OOPATHBIN TTOPSAJOK TPOBEPKHU HE SIBJISETCS
JI0Ka3aTe/IbCTBOM TOT0, 94TO JII000e perieHue ypapHenus Makc-
BeJITa SBJSETCS TOYHBIM OMUCaHweM [IpupomHoro sipieHwus!).
Hy u nakomer, MOUHBIH HPUHIUIT UCIIOJIB30BAHUS CYyTIEPIIO3H-
WA PEIeHni OTHOCUTCSI TOJBKO K (JMHEHHBIM) yPABHEHUSIM
Maxkcsesnia B mMycToTe, a He K HEJTUHEITHBIM YDPABHEHHSIM B Cpe-
nax. Taksxke crpanno Boobmre npusiekatb CTO K 3jeKTpoau-
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HaMuKe, Tak Kak 3apsiibl B CTO — npuHIuInaabHO TOYEeIHEIE,
a He paclpene/éHHbIe; HO TOrIA MHOTHE IPAKTHYECKHE 33 1Al
uMeJid Obl MaTeMaTUYeCKue 0COOCHHOCTH.

Mo:kHO, KOHEYHO, paccMaTpuBaTh ypaBHenns Makcpesia
KaK OCHOBHBIE aKCHOMBI JIEKTPOIUHAMHUKHU, HO UHCTO JIEIYK-
TUBHBIH MeTO/ (TeOPeTHYECKHiT) BCeryia ABJISETCS TIOPOTHBIM,
TaK KaK He [O3BOJISIET BHOCUTb HUKAKHE [OCJIELY FOIUe TOMPaB-
KM K 3aKOHaM (JOrMaTuvHOCTh). Jlanee, camu 1o cebe ypaBHe-
Husg MakcBe/ijia BOBCE HE UMEIOT KaKOTo Obl TO HU OBLJIO CMBIC/IA
JI0 TeX TIOp, MOKa He BBEJICHO KOHKPETHOE ‘“3aMBbIKAIONIee YpaB-
HeHwe” [ CHITbT (TOJTBKO TOTa HaunHaeTest (PU3MKa: 9TO O3HA-
yatoT “OykoBku E u B” u kak pesysbrar MoxkeT ObITh IIPOBE-
peH sKcmepuMeHTanbHo!). T109TOMY CTPAHHO BBILJISIAT MOJY-
MaTeMaTHIeCKne CIEeKY/ISIUA 10 TOBOLY CBOWCTB ypaBHEHMI
Makcpeta (HapuMep, UX HHBAPUAHTHBIX CBOICTB). [Ta 1 mpo-
BEPUTH “IPUHIUIHAILHYI0 (TO ecTh GeCKOHEUHYI0!) CTPOrocTh
BBEJIEHHOI'O BBIPasKeHUsI JIIsI CUJIBI JIOpeHIia He IpeIcTaB/IsaeTcs
BO3MOKHBIM. Kpome Toro, IoKa3aTh CTpOroe coxpanenue 3apsi-
JTa (ero aaAUTUBHOCTD, HE3ABUCHMOCTH OT JIBUKEHHS] CHCTe-
MBI ¥ T.J.) IPUHIMIUAIBLHO HEBO3MOXKHO — 9TO BCETO-HABCETO
Halll BLIGOD cmocoba onucaHusi sBJIeHUH (BO3MOXKHO, OH H
JIY 9T ? ).

Teopema ['aycca, Kak cCKaagpHOe BbIpazKeHHe, BCer1a O3Ha-
JaeT MEHBIIIE, YeM BEKTOPHOE BBIPAKEHNE FKCIEPUMEHTATh-
woro (!) 3akona Kynona. [TosTomy Bo3BeeHue 3TOH TeOPEMbI B
PAHT OCHOBHBIX MOCTY/JIATOB JJEKTPOJANHAMUKHI JI€TAET €€ IKC-
LEPUMEHTAJILHO HE IIPOBEPsieMOil (1 He JI0KAa3yeMoii, U He OLPO-
BEpraeMoii) u npejicTaBisier coboi HEKOTOPYIO “XUTPOCTH”; 103~
BOJIAIONIYIO 33/aBarh “HyzKHBI BHx perrennil (“momcmarpu-
Bass’ B OTBET WU MCKYCCTBEHHO “Ha3Hadas CHMMETPHUHU, WH-
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BAPUAHTHOCTH U T.T.).

Tor “daxr”’, aro div E # 0, a div B = 0 - ectp Bcero
JIMTITH CJIEJICTBUE HAIMEero BbIOOPA, KOTjga Mbl YCJIOBUINCH Ha-
HPABJISITH CUJIOBbIE JinHuU 110Jis1 E 110 pajmyc-BeKTOpy I, a u3
BBIpasKeHUs

B = %[V X 1]
cr
(KCcTaTw, COBEPINEHHO HEIPOBEPEHHOTO TP MAJBIX T') YCJIOBHU-

JIICH CHJIOBBIE JuHIu B HallpaBJIATDb MMEPIICHIUKYJIAPHO K Pa-
HBYCY.

[Ipu BBIBOsE ypaBHeHuit Makcsejijia, KOT/ia BBOJUTCS IO-
HaTHe ToKa cMmemienus |8, m.81, c. 346|, Bcé paBHO ocTaércs
00JIBbIIONH POu3BOJI. Bo-mepBBIX, yTBEpkKaeTcsd, 9YTO €CTh 3a-
KOHbBI, OCHOBAHHbBIE HA TPEJCTABJICHUN O JIEHCTBUH Ha PACCTO-
SAHAH, U 9KOOBI 9TH 3aKOHBI He roadarcsa. Ho Beab HeMHOruM
paHee Ha OCHOBE MMEHHO 3THUX 3aKOHOB BHIBOJMIACH UX mudde-
pennuaabias (popma (Bcero Jmuib!) U JI0KA3BIBAIACH 1OJIHAS
SKBHUBAJEHTHOCTD 3TuUX dopMm. Kyja Tenepnb jiesjach 3Ta SKBH-
BaJIEHTHOCTh! BO-BTOPBIX, eciu yzK NpUHAMATh BO BHUMAHNE
KOHETHOCTh CKOPOCTH PACIPOCTPAHEHHUs BIUAHUA U OBICTPO-
MEPEMEHHOCTD TTPOIeCcca, TO CTOUI0 OBl XOTh CKOJBKO-TO BHHU-
MaHus yaeauTh (Kpome GopMasibHOR MaTeMaTuku) 00CyKie-
HI10 (PUBHYECKUX IIPUHITUIIOB IPU BBIBOJIE STHX CaMbIX audde-
PEHIMAJIbHBIX YDaBHEHN: BLIOOPY T'PAHUIL M OIPE/IeJEeHNI0 UX
CBOMCTB ((DUKCUPOBAHBI U TJI€, WK PACIPOCTPAHSIIOTCS BMECTE ¢
noJsieM? ), CBOfiCTBAM T0JI€i Ha TPAHUNAX (MOCTOSTHCTBO BEJININH
win 10TokoB?). To, 410 ypaBHEeHUs] MOXKHO [IPE/JICTABATH B -
depeHIUaILHON dopMe, SABIAETC JIMIb BCIIOMOTraTeAbHBIM
MaTeMaTUYeCKUM YCJOBUEM /i UCHOJIb30BAHUS B TEOPUHU
nosg. Hamgo ucxoauTh u3 nejeil MOCTPOEHUA TAKOH TEOPHU —
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BO3MOYKHOCTH OIHUCAHUs OBICTPONEPEMEHHBIX ITPOIECCOB € YUé-
TOM KOHEYHOCTHU CKOPOCTH PACIIPOCTPaHCHUd B3auUMOAeiCcTBUI.
U TonbKo Ha yaoBJIeTBOpeHue 3TOMY pu3maeckoMy TpedboBa-
HUIO ¥ CTOWT TPOBEPSATH MpeJjlaraeMble YpaBHeHUs (TeopeMy
[aycca, orcyTcTBHE MArHUTHBIX 3aPsijIOB, 3aKOH JJIEKTPOMAL-
HUTHOI WHIYKIMK). DTOrO He ¢eJaH0. B-TpeTbux, coBepIeH-
HO HCKYCCTBEHHO BBITJISITAT BBEJIEHNE TOKA CMEIEeHus (C eTbio
IpeobpazoBaTh TEOpeMy O MUPKYJsuu). Bejab ecu uexonauTh
M3 3aKOHA COXpaHeHus 3apsina (e j BKIdYaeT Bech | TOK, a p
- BeCh 3apsiji) 1 Teopembl [aycca, TO moJydaercs, 4T0 BeCh TOK
! paBen
D
=

a ITOH BeJIUYHHE npupaBHUBAIOT TOJIBKO TOK CMEIICHHA jCM-

Cpasy BO3HHKAeT BOIIPOC: & IMOYeMy ITOT “TOK cMelneHus’ He
y4acTByeT B 3akoHe coxpanenus 3apsiaa’ (“Tpumkun kadbran”
noJrydaercs: JuOO 37ech, JIMOO B 3aKOHE O IMUPKYJISAIUU HAJIO
“marate” gapipy.) Hy, a B-ueTBépTHIX, TaKoil BHIOOD HE € MHCTBE-
HeH (YTO OTMETHI U aBTop y4eOuuka |8, m.81, c. 348]), Tak Kak
JIOTyCKaeT J0o0aBIeHne K BeJIMINHe j TPOU3BOJBHOI'O BEKTOPA,
JINBEPTEHIINsI OT KOTOPOTO PABHA HYJII0. B-TSITHIX, COBEPITEHHO
“BsiJIO” 3BYUHT (ppaza O MOATBEP:KIAIONINX ONBITHLIX (paKTax €
JIBYMST HABOJSATIUMHI COOOpasKeHusIMH (IpUMepaMu): pedb HIeT
JIATITB 00 MHTEPIPETAIINN JAHHBIX — TPUNUCLIBAHUE TPEOYEMBIX
JITsl COBPEMEHHON TeOPUH YHCJIOBBIX 3HAYEHWH TeM BeJTMINHAM,
KOTOPBbIE He U3MEPATCI HAnpaMmyo. Kpome TOro, HAIIOMHUM,
YTO YPaBHEHU SJIEKTPOJIUHAMUKY 33y MBIBATUCH U JI0 CHX TTOP
BBIBOOATCS KaK OIpPejIe/IeHns ToJiell MPU BCeX 3aJaHHBIX !
3apsaax u uxX ABu2kKeHudx (rokax). [Ipasja, nekoropbie aB-
TOPBI IBHO TEPEOIeHNBAIOT BO3MOXKHOCTH COBPEMEHHOI 3JeK-
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TPOJAMHAMHUKH, CIUTA, YTO OHA B COCTOSTHUH CAMOCOTJIACOBAHHO
onmcaTh Bce mapamerpbl. ONHAKO KU3HB (OIBIT) OIpPOBEPraeT
9Ty 3aBBIIIEHHYIO MPETEH3UI0 (BCIOMHAM (haKT CO3/IAHMS KBAH-
TOBOI MexaHWKH, mocTosiHabie runore3sl ad hoc). Tlosromy, B
4acTHOCTH, K puMepy 1 (pajnajbHble TOKH OT [1apa) BO3HUKA-
eT BOIIPOC: IOYeMY BBl CUHTaeTe, 4YTO caM coDOil mporece 10J1-
JKEeH MPONCXOINTH UMEHHO TaK, KAK BbI 10 33,1/ NCKYCCTBEH-
HO? Ecsm ke Hy>KHBI€ TOKI 00€eCIIeYnBaIOTCA BHETHUMH CH-
JIAMH, TO 9TU BHENTHUE CUJIbI JOKHBI SIBHO BOWTHU B YPABHEHUSI
teopun nosisi! Bo Bropom npumepe (coenHéHEbIE TTPOBOJIOM 00-
KJIAJIKH KOHJIEHCATOPA) TaK:Ke He BCE MIaJko. BHyTpu (mocpe-
JIMHE) BaKyyMHOTO KOHJIEHCATOPa BOBCe HeT 3apsaaoB p = 0, u
Tora u3 ypasuenus Laycca ciaeyer, aro div D = 0: monspusa-
IMIOHHBIX 3aPSAI0B MOCPEINHE MEXKIY IJIACTUHAME HET, 3HAUUT
div E = const = 0 (div E = 0) u tompko. Takum o6pasom, 1o
KaKOMY 3aKOHY (BBIPAyKEHWIO) OMPEAEJIATh MATHUTHOE MOJIe
OCTAETCS OTKPHITHIM (3TO HAJO PEIMIATH SKCIEPUMEHTATLHO JJIs1
OBICTPONIEPEMEHHBIX TPOTIeccOoB). HakoHeI, B-eCThIX, cO3/1aBa-
eMasl TeopHs 110/ BOBCe He TpedyeT, YTOObI €€ ypaBHeHus ObLIn
YPaBHEHHSIMH B YAaCTHBIX MPOU3BOAHBIX: TPeOOBAHNE JIOKATh-
HOCTU — 3TO UCKYCCTBEHHOE JIONOJHUTETbHOE MaTeMaTHIeCKOe
yCJ0BUe, BOBCe He O0DOCHOBAHHOE KAKUMH-TH00 (PU3HIECKUMHU
npuHIEHaMu!

B yuebnuke (8, 11.82, ¢. 351] B kauecTBe yHIAMEHTATHHBIX
ypaBHeHHH MaKcBesIa 9eCTHO HAa3BaHBI TOJBKO YeThIpPe YpaB-
HEHUsI, ¥ HA HUX TIPeJTaraeTcs CMOTPETH KaK HA aKCHOMBI 3J1€K-
TPOJAMHAMUKY. FKCTECTBEHHO BO3HUKAIOT COMHEHUs: 3a9€M WX
TOrIa IBITAJKCH 10 3TOro “obocHoBaTh”, “BhiBecTH ! a 1 akcu-
OM TAKOI'O DOJIa MOYKHO BBECTH MHOKECTBO (BO3ZHHKAET BOIPOC

€CJIM He O eJJMHCTBEHHOCTH, TO XOTs OBl O JIyUIIeM “‘MoJaeabHOM”
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BeiGope). C busuyeckoit TOUKN 3peHus mpejiaraeMas CHCTeMA
HEJIOCTATOYHA, TAK KaK BOBCE HE BKJIIOYAET YPABHEHUS [IJIsI W3-
MepeHUsl UCHOJIb3YeMBbIX “OYKOBOK . C MaTeMaTHIecKOH TOUKH
3peHus CHCTEeMa TaKzKe He MOJIHA: st 16 BeJUYHH 3aMnCaHo
8 ypasuenuii. Koneuno, B 4uucroii maremaruke st HeJiMHE-
HBIX YPaBHEHHUI B cJydae HEJUHEHHOCTH CPeJIbl YUCJIO YpaBHe-
HIIT BOBCE He 00s13aHO COBIAAATH ¢ YNCI0M ImepeMenHbix. OaHa-
KO JIIs1 ypaBHeHuii busuku (BCJIeICTBIe HEMPEPHIBHOCTH BEJIU-
IUH W TPUHIUIHAIHHONW BO3MOYKHOCTHU JIMHEAPU3ANNNA HA Ma-
JIOM YYacTKe), II0-BHIUMOMY, 9TH 9YUCJIA JOJZKHBI COBIAJIATD.
He mensier mosioxkeHue jes HM HaJUYUE TPAHUIHBIX YCJIOBHIT,
HU jo0aBeHne MaTepuajbHbIX ypaBHenuit. Kpome toro, ma-
TepHaJibHbIe yPaBHEHUsS BBOJIST HOBbIe HEM3BECTHBIE (DYHKITUH
(MTH KOHCTAHTBI) CPeJIBl, sk KOTOPBIX HET YPABHEHHIA, TO eCTh
OHM TIPEJICTABISAIOT cOo0Oil BHEITHe 3ajanHble QYHKIUA (I
qucsa). ClegoBaTesibHO, ¢ MpeTeH3neil JeKTPOIUHAMUKA Ha
MOJTHOE CAMOCOTJIACOBAHHOE PEIeHne 3349 MPUXOIUTCS Pac-
craTbed. Takum obpaszoM, dhpasza o “DyHIaMeHTAIbHOCTH YPaB-
meHnit Makcsesta” BBIIIAIUT TOJOCIOBHOM.

C kanubpoBouHON WHBapuaHTHOCTBIO |5, m.18, c¢. 75| To-
JKe UMeeM HeKOTOPHIil KoH(py3. Bo-mepBoix, 1erko BujgeTh, 4TO
BO3MOKHOCTH IPUOABICHUS K BEKTOPHOMY HOTEHIHATY JII000ro
IIOCTOAHHOI'O BEKTOPA, a K CKaJIPHOMY — JII0DO0H MOCTOSHHOIA,
- 310 He “B wacrHocTn” (KaK HAIMCAHO B y4eOHHKe), a B JO-
MOJIHEHUE K I'PaJUeHTHON MHBAPHAHTHOCTH. BO-BTOPBIX, BO3-
JeficTBHE OIpeJiesigeTcsa CUA0A W MOTOMY He IO OTOEJIBHOCTHI
JIOJIZKHBL ObITh OytHO3HauHO oupejesnenst E u H, a mx cym-
MapHasg KOMOWHAIMs, BXOIAIIAsd B BbIpaXkKeHHe eInHOH Cu-
Jibl! DTO mpeocTaBIsieT eme OobIuil TPON3BOJ B BEIOOpe A 1
. IloaToMy CcOBepITeHHO HEM3BECTHO, CKOJIBKO, KOTJIA U KAKUX
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MOZKHO HAJIOKUTb JIONOJTHUTENbHBIX YCJIOBUH HA TIOTEHIHAJBI
(Tem Gostee B HeJTMHEHHBIX CIyYaAX).

['panuyHble YCIOBUS /st YpaBHeHUil MakcBesia cTaBaTcs
He N3 KaKUX-TO (PU3UICCKUX NPUHIUIIOB, a ITOOLI yPABHCHUA
MakcBesa IpocTo UMeJIH OJHO3HAYHOE PEIeHHe B MOJAEIbHBIX
caydasx. A KaKOBbI 3TH ycJioBus Ha camoM Jesie (B [lpupose)?
HeyzKkesn HeJIb3sl CO31aTh MArHUTHBIE 1014 €O cKaukamu H uin
B (u uro nogpasymeBaTh 1oj MacuirabaMu 0BJACTH epexo-
na)? Hanpumep, B HECKOJIbKMX TAPAJLIEIBHO COCTBIKOBAHHBIX
PA3JIMIHBIX OECKOHEUHBIX COJIEHOUAAX OYAYT pasHbIe MarHWT-
HBIE TOJIA; TPH UMITYILCHOM BKJIIOUEHUN (PPOHT UMEET Pe3KYIO
IPAHUILY; BCIIOMHUM MMIIYJIbC CBeTa. A pa3 CymecTBYIOT IIpH-
MepHl B OJIHAX CJIy4adx, TO II0YeMY TOr0 He OyIeT HpH JAPYIuX
yestoBuAX (KaKOBBI MPHHIIAIIB) !

Hecmorpst Ha paspek/laMHPOBAHHYIO YHHUBEPCAJIBHOCTH H
CTPOTOCTh, ypaBHeHusT MakcBe/l1a BBEIEHBI B MIPEIITOJI0KEHHN
HEMOJBAUKHOCTU CpeJibl (BCIOMHHUM, 4TO MOTBITKA [epria ¢Tpo-
ro ! agasmornaabpiM MakcBesmy 06pa3oM y4uecTh JBHKEHHE Cpe-
JBl OKazanach Heynadnoil). OaHako u3Menenus noseii (gaxe
IPOCTO WX BKJIIOUYEHHE) MPUBOJIUT K JEHCTBHIO MOJIS HA CAMY
cpeny W K eé JpikeHusiM (1 u3MmeHeHusiv cpoiicts). Ciegona-
TEJIbHO, CTPOTO 9TO MOYKHO OBLIO OBI CIe/IaTh TOJIBKO B 3JI€K-
TPOAUHAMUKE ABUXKYIIUXCS Cpef (II0Ka eIlé He CO3IaHHOi,
a He B COBPEeMEeHHOH 3JICKTPOAUMHAMUKE, OCHOBOI KOTOPOil ABjI4-
forcs ypasHenust Makcesesuta). U “kopupytomias dhpasza” o ma-
JIOCTH OTHOIIEeHUs v/c BOBce HU mpH 4éM. Bo-mepBbiX, momo6-
Hasi ppasa umesia Obl CMBIC/I, €CJIH Obl B CTPOION 3JIEKTPO/U-
HAMHUKE CPABHUBAJIUCH BEJHYUHBI OJTHONO U TOTO 2Ke 3hdek-
Ta B JABYX Cay4adX: IIpU ABUZKECHHUU CPpeAbl CO CKOPOCTBIO U H
€O cKopocThio ¢. OHAaKO MBI He 3HaeM, Kakue 3hdeKThl MOr-
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Ju Obl HAOTIOAATHCA TPHU JBUZKEHUU CPEIbl CO CKOPOCTHIO C.
Bepa B “pesiaTuBHUCTCKHE KATAaKJAU3Mbl B COBPEMEHHOW 3/1€K-
TPOJAMHAMHUKE BOOOIIIE MPWBOIUT K HEBO3MOYKHOCTH ONEHOK W3
mo/100HOr0 cpaBHeHusA. Bo-BTopbix, cpaBHenue 3hdeKkToB s
cayqas apumkenus (v # 0) u B crarndeckoM ciygae (v = 0) To-
’Ke HEeBO3MOKHO, MOCKOJIBKY BePOSTHOE TOSBJIEeHUE BEJTHINHBI
HEKOTOPOI'0 HOBOTO HeHYJIeBOro 3deKkTa mnpu nepexoje K
37EKTPOIMHAMUKE JIBUKYIIUXCA CPeJl TAKKe HelmpecKa3yeMo:
OTHOIIIEHNE HEHYJIEBON BEJMYMHBI K HYJEBOH OyJeT TaKUM Ke
HeoupeeiéHubIM (HenH(GOPMATHBHBIM ), KAK U OTHOIICHHE CO-
OTBETCTBYIOIIECH HEHYJIEBOU CKOPOCTU K HYJIEBOH CKOPOCTH.

Takum obpazom, ypapaenus MakcBesaa, cKopee IpeacTaB-
JAI0T coboit “3pIbyune mecku’, 4em “He3bIOJeMOe OCHOBaHUE .
Jlanublit pyHIaMEHT 3JIeKTPOMArHUTHON TEOPUH HE MOYKEeT CUH-
TaThCA 0OPA3IOM HaydHOH TEOpHUH HU IO 0OOCHOBAHHOCTH, HH
IO e JMHCTBE€HHOCTH, HU 11O CTPOT'OCTH, HU 110 aJITOPUTMUYIHOCTH.



I'taBa 6

dueprud noJieii. Cuia

[lepeiiém Tenepb K TAKMM EMKUM HOHATUSAM B TEOPUH JIEKTPO-
MAarHeTU3MAa, KaK IMOTCHINAJbHAS SHEPTHU, MIOTCHIINA, CUIa |
IPOAHAJN3UPYEM WX BHYTPEHHIOIO COTVIACOBAHHOCTH, HEMPOTH-
BOPEYUBOCTH M COOTBETCTBUE ONBITAM.

Boobiie rosopst, moTeHInaIbHAS IHEPTHUST BCET/Ia CBIA3LIBA-
eTcs ¢ B3ANMHBIM HOJIOZKEHUEM B3aNMO/IEHCTBYIOMNAX 00 bEKTOB
|3, ¢. 169] u Best ocranbrast Beenennast Tyt Hu npu 9éMm (puBsi-
3BIBAIOT UJIU JOKAJHU3YIOT €€ OOBIYHO B MecTe HAXOXKIEHWS HC-
caemyeMoro 0obekTa). CBA3bIBATE 9TY SHEPIHIO ¢ OJHUM €JNH-
CTBEHHBIM 3apPsJIOM, JIa eIlé U HeJeJUMBIM — Oecrojie3noe yM-
cTBOBaHHUe (TaK XKe, KaK U abCTPAKTHO CIUTATH 3apsijibl TOYEU-
HbiMI). CBA3BIBATH MOTEHINAIBHYIO SHEPIHIO B3ANMOIEIiCTBIS
3apsa/I0B ¢ dHeprueil mous |3, c. 170-172] — HeBepHO NMPUHITUITHI-
ayibno. [IpejacraBum cebe, 9TO Mbl OBICTPO U3MEHUJIM B3aUMHOE
OJIOZKEHUE JABYX 3apsi10B. [loTeHnuaibaast SHeprust U3MEHUTCS
cpagy, a Ipu 9€M 37ech OyeT, HanpuMep, Moje Ha OUeHb O60Tb-
IIIOM PACCTOSIHHH OT 00oux 3apsaoB? Benb mazke o CKOPOCTHIO
¢ He ycnesgo Obl JoiUTH 3TO Bo3Mylnenue. Ecim ke oOpydarh

77
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[IOBEPXHOCTh MHTEIPUPOBaHUs He HAa OECKOHEYHOCTH, TOTJ/Ia B
pacuérax He MpomnaiaeT WHTErpasl M0 MOBEPXHOCTH U (POPMY/Ia
BCEé paBHO OKa3bIBaeTcs HeBepHOoitl. Boobime, eciin sKcmepumMen-
TaJIbHO YCTAHOBJIEHO, 4TO CWJa JEHCTBYeT 10 UPAMON MEXKIy
3apsiJlaMmu, TO Kakoe ‘“3HadeHue’ UMEIOT 110J1 BO BCEX OCTaJib-
HBIX MecTax Bcesennoii? Hecomuenno, 4ro mose mMoxKkeT obJia-
J1aTh 3HEprueil, Ho Beakoe ! Popmysia cTpaHHAs eIE U TOTO-
MY, 9TO (DJIYKTyalluud MNPUBOJAT K HEHYJIEBOMY YPOBHIO IOTEH-
nraabHoi sHeprun. CTPAHHO TaK CBS3BIBATH MOTEHIHATHLHYIO
SHEPIUIO enié u 1m0 Teopun O/Iu3KOAEHCTBHS, BEJIb MOJE€ HEIO-
JIBUZKHOT'O 3apsijia B HEKOTOPOH TOYKE IMPOCTPAHCTBA BIIOJIHE
OTIpeIeIEHHOE, W TOMEITeHe MPOOHOTO 3apsiia B 3Ty TOUYKY
IPOCTPAHCTBA CPa3y BBI3bIBAET JIEiiCTBHE CUJIbI (TO €CTh yiKe
ompesgeneno U = — der) B 9TOT MOMEHT t, a BCe HpeIbIIy-
mue t — dt HeBayKHbI.

Cocroguue Tena XapaKTepU3yercs €ero KOOpJAHHATAMU
(x,y, 2) 1 CKOPOCTBIO (Vy, Uy, VU, ), H OJHO HEOTAEJIIMO OT APYIO-
ro. B 3TOM KOHKPETHOM COCTOSHUM Ha TeJIO JIefCTBYeT eluHasd
cuna F, m pasgenenne eé Ha 3JEKTPUICCKYI0 U MATHHTHYIO
CHIBI BechbMa YCJIOBHO. BbIpakeHme Jj1d MATHHTHOH CHJIBI TO-
JKe YCJIOBHO, TaK Kak /sl HEHEeHTpaJbHbIX TOKOB (HAIpHMED,
3apSZKEHHBIX 1yYKOB) HE MOHATHO, OTHOCHTEIHHO Yero Onpejie-
JIFETCH 9T CKOPOCTh (OTHOCHTEIBHOCTH YK TOYHO MPONAIAET
¥ HaJI0 BBOJAUTDH JIOKAJLHO abCOTIOTHBIE CKOPOCTH ).

st obbsicHeHusT JIeHCTBUS TOKA HA JIBUKYIIUHCS 3apsi
C TOYKH 3PEHWs CUCTEMBI, JBUKYIIEHCS CO CKOPOCTHIO JIEK-
TPOHOB, HMPUXOJUTCS HPUJIYMbIBATH JIEKTPUIECKYIO CHILY JIJIst
HeifiTpaabHOTrO mpoBoaa 3, ¢. 270]. Ho Beap 3apsia sKoObI HO-
saByisieTcst y Bceit mpososioku. OTKyna ke oH B3sycal! M3me-
HEeHWe TJIOTHOCTH 33 CYET COKPAIIEHUs MPOIOJIBHBIX PA3ZMEPOB
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HeybeuTe1bH0. Hanpumep, /i 3aMKHYTOM CBEPXITPOBOIATITCH
PaMKH 3apsijl JOJIZKEH OCTaBATHhCsI MHBAPUAHTHBIM COTJIACHO CO-
BPEMEHHBIM IPEJICTABJICHUSM JICKTPOJIMHAMUKHI, H, CJI€I0BaA-
TEeJIbHO, paMKa OCTaHeTCd B IeJI0M HelirpaabHoii. /s obbsc-
Henud O"IGBI/I,ZLHOIU/I KJ1aCCU4YeCKOn WHBAPpUAaHTHOCTHU LOBEACHUA
gactul, B CTO mpuxomurcs BBIIYMBIBATH BHaYaJe IIPeodpas3o-
BaHUe IJIOTHOCTH, IOTOM IIpeodpa3oBaHue CUJl u emg npeobpa-
30BaHue BpeMeHH. He cJIMITKOM Jin CJI0:KHO Ha MycTOM MecTe?

He coscem nongTen Bonpoc 00 HCTUHHOCTU WM HEMCTUHHO-
CTU BBIpAaXKEHUs! JIJI SHEPruu meTau ¢ TokoM [11, ¢. 9] Toabko
Ha OCHOBAHNW W3MEHEHWs HEKOTOPHIX MmapamMeTpoB. Bemnh Ku-
HETUYECKAs JHEPIUs TOXKE MEHSIETCS, €CJIM TeJ0 CaAMO IIepPexo-
JIAT U3 COCTOSHUSA € MOTEHIMAJbHOM dHeprueit U; B cocTosinme
¢ moTeHmaJabHoi sHeprueit Us, TO eCcTh TOXKe /sl COXPaHEHUs]
IIOCTOSHHONH CKOPOCTH V HPHIILIOCHL ObI 0TOUpATh WK H00aB-
JIATH 3Hepruio. Boobie, MeXaHu3M MOJIepXKaHUud TOKA MOYKET
OBITH CAMbBIM Pa3HbIM: HAIPUMED, €CJIH Mbl BO3bMEM MATHHTHI,
BeJIb 110 COBPEMEHHBIM BO33PEHUSIM MX MArHETH3M IOJJIePKH-
BAETCsl BHYTPEHHUMH SJ€KTPOHAMMU; HEYKEIN IBUKEHNIE THX
BHYTPEHHHX JIEKTPOHOB MOXKET 3aMEeTHO H3MEHUTHCS U3-3a Ha-
1rero c,raboro ABUKeHns MArHUTOB? A Kak »Ke TOIVIA JBHYKeHHe
HapyKHBIX JIEKTPOHOB — TeM 00Jiee J0/IKHO OBLI0 Obl MEHSITh-
cs1? Bo3zmoxkuo, Moria 661 MeHdaThed B Temueparypa? Ho Bee mo-
JIOOHBIE BONPOCHI HE JIOJIZKHBI 3aTParuBaTh CaMOTO BBOIMMOTO
olpeieIeHus dHeprun!

BechbMa cTpaHHBIM TaKyKe SBJISETCS HCHOJIH30BAHHE MPO-
CTPAHCTBEHHBIX YCJIOBUN Ha OECKOHEYHOCTH IIPHU BBIBOJE (DOP-
MyJ. Kakoe 3HaUeHHe MOXKeT HMETh IIOBeIeHHe 4ero Obl TO HH
OBLIO TaK IaJeKO OT JAHHOrO KOHKperHoro mecra? M B Kakoii
MOMEHT 3TO TIOBEJIEHHE JIOJKHO YIUTHIBATHCS (Ja HUKTO U He
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OepéT marke 3ama3abIBAONINE TOTEHIUAIB IIPU BBIBOJIE WHTE-
rpaioB — 3T0 OeCcKOHeIHO CJ0kKHO). Tem Gostee, Korja pednb
UIET O MOTEHNUATHLHON SHEPTUU TeJla WJIH TMOJs, KOTOpas CBs-
3aHa ¢ KOHKPETHBIMU MECTaMU — HAYAJbHBIM U KOHEYHBIM. [10
CyTH, XOTe/in U30aBUTHCS OT TEOPUU JIAJbHOICHCTBUS U MPE/I-
JIOXKHJIA TEOPHIO MOJIsA, HO OKA3aJI0Ch, UTO 3TO He Teopus OJIn3-
KoJeicTBrd, a “Teopnst OECKOHETHOAATBHOAEHCTBIS ]

[lepeMena 3HaKa TPOCTPAHCTBEHHBIX BEIMIWH B 4-BeKTOPAX,
4-rpammente [11, rmaBa 25, naparpad 3, c. 249| uckyccTBeHHO
OPUIYMaHa TOJTBKO IS TOTO, YTOOBI YAOBIETBOPSIACH MPeod-
pasoBanus JlopeHna, a MocKoJbKY TOCJIeJHIE UMEIOT OTHOIIIe-
HUE TOJIBKO K TOJISIM B IIyCTOM ITPOCTPAHCTBE, TO IPUMEHUMOCTD
TUX ompejieleHnii orpanndena. PeiffHMaH MOTIEPKUBAET, UTO
3aKOH COXPAHEHUS 3apsd/ia BBIIOJIHIAETCHS BO BCEX CHUCTEMAaxX OT-
cuéra, HO He MOTYEpKuBaeT, 4To caM 3apsia cornacuo CTO me-
HAETCs, 9TO yzKe OYeBUIHO OECCMBICTEHHO: MPOBOJ WM TOK He
pa3opByTCs IpHU (MHHMOM) COKDAITIEHUH JJINHBI, & 3apsijibl 0y-
JIyT paclpejiesleHbl PABHOMEDHO; HU KOJWMYECTBO JEKTPOHOB,
HH KOJHYECTBO IIPOTOHOB HE M3MEHUTCs (HET DOXKICHUs WJIH
VHUUTOKEHUST CAMUX JACTHIL); CYMMAPHBIH 3aps/l OT OTIETbHO-
ro 3JeKTPOHA WJH MPOTOHA MpeJIoJaraeTcd MHBAPUAHTHBIM, &
3HAYUT ONMHMCAHUE TOSBJICHUS JONMOJHUTEIbHONW IJIOTHOCTH 3a-
psa 6ecCMBICTEHHO, Be/Ib OHO MCKYCCTBEHHO BBITYMAHO TOJThb-
KO JIJIsE TOTO, 4TOOBI “O0bACHUTL B3aUMHBIN MEPEXO/] PA3HBIX
dbopm ¢t (3TEKTPHIECKIX H MATHUTHBIX ) TIPH TIEPEXOJIE OT OJI-
HOM CHCTeMbl K JAPYTOil. DTO MPOCTO MOKA3BIBAET, YTO UMEHHO
TaKOoe ONUCAHUE pa3/ejeHus eJIUHON CUJIbl Ha JBE CHUJbI C HC-
KYCCTBEHHO BBIIYMaHHBIMU TPAHCHOPMAUOHHBIMEA CBONCTBA-
MU BHYTPEHHE TPOTHBOPEUNBO.

[IpobJeMbl ¢ JIOKATBHOCTBIO COXpaHeHusi sHepruum [11, c.
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284] ecThb TOJNBKO B Teopuu OTHOCHTEJbHOCTH. Hampumep, B
KJIACCHIecKoil hu3nke ecjim JaBa Tesia NMeIOT KOHEYHYIO Maccy,
TO MPU B3AUMOJIEHCTBUH CKOPOCTH 060UX TeJl (TO eCTh KHHETH-
JecKast SHEPIHst KazKJI0r0) OyIeT MEHsIThCs, & OJIHY U TY 7Ke [0~
TEHIMAJBHYIO SHEPIHIO MOYKHO OTHECTH M K MECTY HOJIOXKEHHSI
1-ro Tesa (TO €CTh CBSI3aTh ¢ HAM), U K MOJOXKEHUIO 2-TO Tea,
B 3aBHCHMOCTH OT TOTO, KaKOe U3 JBUKEHWH HAC WHTEPECyeT.
YTBepK/IeHne O TOM, U9TO JOKAJIbHBIN 3aKOH COXPAHEHUs BHIBO-
JATCS JJIsT TPOU3BOJIbHBIX 00béMOB |11, rnasa 27, maparpad 2,
c. 284]:

_/V‘;_z;dvz/v(v-S)dVJr/v(E-j)dV,

1 1I09TOMY MOYKHO yOparTb 3HAYKU MHTEI'PAJIOB — TOXKE HE CO-
BceM BepHO. Hanpumep, ecin 06béM V (t) - B3ITh epeMeHHbIM,
TO BHAHO, YTO IOABATCA MAOIIOJHHUTECJ/IbHBIE CJlaraeMble, U pe-
3yabrar Oymer apyrum. PakTudecKu, TpeaIOKEeHHBIR BBIBOT,
HESBHO TPEJIIOJIaraeT HecaMOCOTJIACOBAHHYIO (PUKCAIUI0 00h-
éma (Bcemu cuiiaMu BeesieHHOfT), 9TO y2Ke OrpaHnYuBaeT Pac-
CMaTpUBaeMble IIPOIECCH TOJIBKO TEMH, IIPH KOTOPHIX B3AMMO-
JIeficTBUS BEIeCTBa, U3JIyIeHNd W U3MEePUTEIbHOTO TPHudopa He
BJIMSIOT HA XapaKTepHbIe pabodne 00bEMBI BOBCE. Y UET TOJIBKO
Besimanibl (E - j) B TOT ke MOMEHT BpeMeHH — He TIPHHUMAaeT
BO BHUMaHHEC BO3MOZKHBIC T'HCTEPE3UCHLIC ABJICHUA (3aﬂep}KKa
OTBETHOH peakIMU BEIeCTBA) U TOYKE OMPAHUYUBAET 00JIACTH
IPUMCEHHUMOCTH pCIIeHUA (Heﬂb39{ CO34aTh Halll MUP TOJIBKO C
MOMOITBIO 3JEKTPOMATHATHBIX CHJI — €CTh eIlé U WHBIE CHJIBI ’
CBOIICTBA).

Deiinman neiTaeTcsa yncto dhopmanbho [11, raasa 27, napa-
rpad 3, c¢. 286] BeIBeCTH BBIparKeHHe JJisl IJIOTHOCTH SHEPTUH 1
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eé moroka u3 ypasHenuit Makcpesia (pocto mogorsars Gop-
MYJIY 1O/ KPACUBBIH BUJ 1 0003BATH HYKHBIM 00pa30M COOTBET-
CTBYyIOIIME caaraeMbie). [IOMHUMO 3JIEMEHTAPHOTO BO3DAYKEHUS,
YTO TaKWe BhIPAYKeHNs — HeeTWHCTBEHHBIE, CYIIECTBYET JAPYTOe
BOo3pazkenue. B ypaBaennsax Makcsesia HeJIb3s HOMEHSTD IIPU-
YUHY W CJeAcTBHe (HampuMep, W3 HAJIUYHsl TTOJell He CJiejyer
HaJIM9#e TOKOB; MHOTHE 3JIeKTPOANHAMIYECKIe MeXaHn3Mbl He
JOIYCKAIOT OOpaleHre), T0 eCTh, Ha CAMOM JieJie TaM HeT Ma-
TEMATHIECKOTO 3HAKA PABEHCTRA (& ecTh CKopee “cTpeska’, nin
3aIUCh “IPUYUHA BbI3bIBaeT cjaeacrsue”’). [la u TOKH TaM B3SATbL
3 cuiabl JIopeHra, To ecTh 3TO TOK M3 PeabHBIX MaTepUahb-
HBIX JIBUKYIUXCH 9acTull. PakTUYeCKH, OATH UMEEM TTPOCTOEe
MOCTYJIUPOBAHUE BeJUYUH (TeM (oJiee UTO IKCIEPUMEHTATBHO
[OJIyYeHHBIe BBIDAZKEHUST HEIIOCPEJICTBEHHO He TIPOBEPSAIOTCS ).

[Ipr paccMOTpeHHUW YHEPTUU TOJS 3aPSAKEHHON YaCTUIIBI
[11, rnaBa 28, naparpad 1, c. 302] ®eituvan Gepér rpyObie MO-
JIeSIN W TTOKA3bIBAaeT UX BHYTPEHHUE MPOOIeMbI, HO 3TO He nMe-
eT MPSAMOr0 OTHOIIEHUs K JIeHCTBUTEJHHOMY IOJOXKEHUIO e
B [Ipupojie. Uro paxTnyueckn BbhipazkaeT MOTEHIMAIbHAS JHEP-
rus 1ByX Tes?! HeobxomumocTh coBepiierus paboThl I H3Me-
HEHUsI WX B3aWMHOTO PACIOJIOKEHUs TPU yCJOBUU HEU3MEH-
HOCTH CAMUX Ted. B MpOTHBHOM ciydae HAJI0 PAcCMATPUBATD
SHEPTHIO, y/IePKUBAIONIYI0 (POPMY caMHuX Tesl Hen3MeHHOM. Ec-
JIM MBI TOTMBITAEMCS CKUMATh HEHTPAIbHOE TEJI0, W KaK ITO
3aMBICTIOBATO HA3BAHO “YCTPEMIISTEH €ro paauyc K Hy 1’ (mpu
HEM3MEHHOCTH OCTAJIbHBIX CBOICTB), TO TeJI0 TOXKe OyIeT Co-
UpOTUBIAThCH (M 63 MHTErPUPOBAHMSI 110 HECYIIECTBYIOMEMY
o0 Ha GeckoHeTHOCTH ). [109TOMY BOIPOC MPOCT: KAKOB Jeii-
CTBUTEJILHBI I (a He y/100HBI J17151 TeOpeTI/IKOB) paanyc 3JaeKTPO-
Ha? Takylo BeJIMUUHY U HY’KHO HCIOJIB30BaTh. B KHUTE BCe BbI-
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pazKeHus JJ1d SHEPTUH BBIBEJIEHBI IIPYU YCIOBUH CYIECTBOBAHUS
TOJILKO /IEKTPOMAIHUTHBIX HOJIeH (4TO He TaK) U HO3TOMY MO-
IYT PACCMATPUBATHCS UCKIIOYATEIHHO BHE TeJT (710 MOMEHTA UX
conpukocHoBeHus ). Jla u BooOie, nies GhakTHIecKn COCTOUT B
cobupanuu ‘“3apsizZKeHHON HEB3aUMOJIEHCTBYIONIEH MexK Ty coOO0M
b’ U3 OECKOHEYHOCTH B €JIUHYIO YACTHUILY IIPH YCJIOBHH OT-
CYTCTBUST JIIOOBIX HHBIX CHJI. DTO CIAUITKOM 00JIbINast (Hepeash-
Has) abCTpaKIusi, YTOOBI TOYHO OMUCBIBATH 3aKOHBI [IpUPOIHL.

Beenenne moHsaTHs pa3HOCTH MOTeHNUANO0B |6, maparpad 8,
c. 47| TpeGyer ompejieneHus npejea st JOObIX ajgnabaTnde-
ckuxX aBuyKeHwi. IIpm 5TOM 0YeBHMIHO, YTO €CIM 3TO MOHSTHE
HPE/II0IATaeTCs HCIOAb30BATEH B APYIUX Pa3Ie/iax dJIeKTPHIe-
CTBa, TO BpeMs JIBUZKEHHS He MOXKeT ObITh OecKoHedIHbIM. JloKa-
3aT€IbCTBO MOTEHIIHATIBHOCTH 3JIeKTPOCTATHIECKIX CHJI MJLIFO-
30pHO, TaK KaK MOJOOHBIE PACCYKIeHUs (Yepe3 BeUHBIH JIBHU-
raresib) MOLJIH Obl OBITH MPUMEHEHBI K JIIOOBIM HHBIM CHJIAM
(ocobeHHO TpH A uabaTHIeCKUX JBHKEHUSX) U 9TO, KA3aa0Ch,
03Ha4YaJI0 OBl MOTEHIUAJIBHOCTD JIOOBIX CHJI, YTO HeBepHO. Bo-
POC 3aKAYAETCS B TOM, KaK BJIUSET PeaIbHBIN TpPOOHBIH
3apg/] HA peajibHble 3apsijibl (BHYTPEHHEE MPONECCHl B HUX U
M3MeHEHHe WX JIBUZKEHUS) — & 9TO JIOJZKEH PelliaTh OIbIT.

OnHO yTOUHEHHEe O TMOCTOSHCTBE MOTEHINAIa BHYTPU IHPO-
BojiHUKA |6, maparpad 9, ¢. 52| — ero TOYHOCTH ONpeesIsIeTcs
KOJIYECTBOM JIHOO U30BITKA JIEKTPOHOB ([PEJICTABHM, HAIIPHU-
Mep, 9TO OH OJUH, WIH UX JIBa U T.J. JJIsI HeHEeHTPAJIbHOIO IIPO-
BOJIHUKA), JTHOO OOIINUM KOJIMYIECTBOM CBODOTHBIX 3JI€KTPOHOB
(nMeercst orpaHMYeHre HA MAaKCUMAJIbHYIO BEJIMUYUHY “HefiTpa-
Jau3yeMoro” moJis). IJist 371eKTpOCTaTHIECKON 3aIlUTHI IIPU Pe3-
KX BBIIYKJI0-BOTHYTHIX (pOpMax 3alluThl JTOKAJbHBIE PACIIpe-
JIeJICHHST 3apsia MOTYT OTJHYAThes oT cpegnero. CaMo BBeje-
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HIe IOTEHIHAaJIa OJTHOTO “00beKTa” He COBCeM KOpPPeKTHO, Tak
KaK 2Ta B€JIMYNHa 3aBUCUT HE TOJIBKO OT HEro CaMoro, Ho u oT
€ro OKpYZKeHMUSI.

Bregenne nmorennuaia — 4YUCTO MaTeMaTHIeCKasl TUIIOTE3a
(st ymobersa pacuéros). IloHaTHe 3JeKTPUUYECKON CHIOBOIL
JIMHUM CJIMIITKOM YCJOBHO, 9TOOBI 0DCY2K/JaTh HEOOXOUMOCTH
(PU3UIECKOr0 CMBICA I 9TOTO MOHATHS U ero (bu3ndecKue
cpoiicTra |6, maparpad 10, ¢. 56]. DTu AMHUK MOTYT HAYNHATH-
¢ Ha 3apsagaX U 3aKAHUYNBATHCSI KaK B OECKOHEYHOCTH, TakK
U B KOHEYHOH TOYKE — HAIpPHUMED, IMOCPEIUHE MEXKJIY JABYMH
PABHOMMEHHBIMH 3apsjlaMi, W Jlajiee JIBUTATHCA B ILIOCKOCTH
CUMMETPHH, HEePHEeHINKYAIPHON TUHUY, COeTHHSIONIEeH 3aps bl
(HecMOTpST HA TO, YTO MOCDEJHE 3apSI0B HET, BCE BBHITJISTAT
TaK, OyJTO OTTY/A UCXOJAT ITH JIUHUN).

BoobGiiie roBopsi, Kak camMo IOHATHE IOTEeHIhaJa, Tak Hu
ypasaenue IlyaccoHa Heab3s CYATATHL OOJICE CTPOIMM, 9eM BbI-
paskeHue /i MOTEeHIUA/Ia TOYeIHOro 3apsdia. 1103ToMy JIJIHH-
HBI, YHCTO MaTeMaTHUecKuil, BHIBOJ [6, maparpad 12, c. 64]

/pdV +/0d5
R R

He UMeeT GOJIBIIOT0 (PU3NUECKOTo 3HAUEHUST (ITO TPOCTO CyMMAa

HHTerpaJa

HOTEHIUATOB TOUeK ). OCTAaOTCsI BCe Te ¥Ke OTKPBIThIE BOIPOCHI
o moBeieHnn bYHKIMI BOJU3N U BHYTPHU 3apsiioB (O HEIPePbIB-
HOCTH, KOHEYHOCTH U caMoM Buje ¢yukuuu npu R — 0), 1a
u emé nobapisieTcss TpebOBaHME COBEPITEHHO W3JIMITHErO 3Ha-
HHd O IIOBEeACHHHN ITIOTCHIHAJIA Ha 6€CKOHG‘{HOCTI/I. HO,ZLO)KILI/ITG,
MOJI, IpeXKJie 4eM OIpeleJuTh HemoJdadkyu B Bamem paauonpu-
éMHUKe, s J0J/ZKeH ¢jieTaTh Ha AjibaebapaH, 9To0bl y3HATH Ta-
MOIITHee IOBeJeHNe IMOTeHIHAada OT Balleil MukpocxeMbl N 33.
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JloKazaTebCcTBO €IMHCTBEHHOCTH PeaJIbHOr0 HOTEeHIInaIa B (hu-
3UYeCKOM (a He MaTeMaTHYeCKOM) ILIaHe UMeeT Ty rKe CTeleHb
HECTPOTOCTH.

HpaKTI/IqGCKI/I MBI HE MOZKEM 3KCIIepHMEHTaJIbHO 3HAThb HHU
ITOTHOCTH 3apsI0B, HU I0JIe, HU IOTEHIHAT B KaKIOH TOU-
ke. [Toaromy MHOrme BOIPOCHI OCTAIOTCS Ha OTKYI Bephl. [la-
JKe JIEKTPUIECKHUi M0TeHnal IPOBOJHUKA (K ero moCTOsH-
CTBO) — HEKOTOpasl TUIOTe3a, TaK KaK OIBIT JAET IMOCTOSH-
CTBO CyMMapHOTO IIOTEHIINAJIA, & BHYTPH MOT'YT BO3HAKATh IO/
neiictBueM moJs “uuaynupoBaHubie D/1C”, KoMmmeHcupylomme
M3MeHeHHsT . BO3MOYKHO, TOJAPU3AIHs JTeKTPOIOB (yMeHb-
IIEHHe TOKA JIEKTPOJIN3a) — HPOsiBJIeHHe 110 00HOr0 3 dek-
Ta. EAMHCTBEHHO TOCTOBEPHBIM YCJIOBHEM B MOCTAHOBKE 33 1a9H
MOZKeT OBITh CYMMAapHBII 3aps1 KazxKa0ro mpooganka. Cosep-
IIIEHHO HECTPOTO OIpeIeleHre CKauKa MOTeHIINAIa Ha MOBEpPX-
HOCTH WJIM IIPH PACCMOTPEHUHU IBOWHOIO 3JEKTPUIECKOIO CJIOSI
|6, maparpad 14, c. 74| (morenman 10cTOBEPEH TONBKO BAAIA
OT KOHEYHOTO CJIOH).

SHepFI/IH B3aI/IMO,ZLeIU/ICTBI/IH TOYEYHbIX JICKTPHUYCCKUX 3apPA-
noB |6, maparpad 15, ¢. 79| (Tounee, eé uU3MeHEHHe) MOXKET
ObITh (pU3MUECKH ONpejeaeHa TOXKe TOJHKO BTN OT CaMUX
sapaaos (R > r.). Ho naxke ¢ BBeJeHHEM KOHEUHON 00bEM-
HOM HJIM IMOBEPXHOCTHON ILIOTHOCTH MpobJieMa KOHEYHOCTH He
ncyesaeT, Tak Kak (pusnueckun OGECCMBICIEHHO PacCMAaTPUBATH
3aJ1auy TepeMelieHnsl 3apsia B TOUKY, TJe yzKe ecTh 3apsj (J1a
e]l[e CYUTATh X HEU3MCHHBIMU IIPpU STOM). HOHBITKa BBECTU C
[MOMOIIHIO MATEMATHIECKHUX IPeodPA30BAHUIT JTOKATU30BAHHY IO
SHepruto noJs |6, maparpad 16, c. 82| Toxke He COBCeM KOPPEKT-
wa. Hanpuwmep: 1) morennuan Hpusndeckn OnpeeseH TOIbKO ¢
TOYHOCTBIO JI0 TIOCTOSTHHOM, 4TO U3 hOPMYJIBI HE BUIHO; 2) Hpe-
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JeJBHOC 3HAYCHHE BCEX BEJMYUH BOJU3U 3apda — THUIIOTE3a;
3) HArpy KaeMmcs JMITHAM 3HAHUEM O TOBEJEHUH 110/ Ha Gec-
koHeunoctu (mpu Ry — 00); 4) U3 paBeHCTBa MHTErPAJIOB IO
MOJIHOMY OECKOHETHOMY OOBLEMY BOBCE HE CJICIYET PABEHCTBO
HOJBIHTErPAJIbHBIX BbIDayKeHUil (MHAYe MHOIO HEJICIOCTeH Tak
MOZKHO “moKa3aTh’); 5) yI6T caMOBO3/EHCTBHS B STON SHEPIUH

IOJId — MeTOANYEeCKH HEKOPPEKTEH.

BripakeHne MOHIEPOMOTOPHBIX CHJI B TOYKE HAXOXKIEHHSI
3apszKeHHON moBepxHOCTH (mam 3apsia) |6, maparpad 17, c.
88| uepes smHeprui MOJsl B ITOH TOUKe — rumoresa. BecbMa
OTPAHUYEHO OTpPejIeJIeHre TTOHIEPOMOTOPHBIX CHJI U3 BBIparKe-
Hust sueprun |6, maparpad 18, c. 91|, Tak Kak B peajbHOCTH JIJIs1
KOHEYHBIX CHCTEeM H3MeHeHHe OIHOIO M3 IapaMeTpPOB BCeria
IPUBOAUT K M3MEHEHHIO psifia JPYyTHX MapamMeTpoB (TaKuX Kak
pacIpeaeneHne 3apsa0B, PACCTOSHIE MEXKIY 3apsIaMi, ITOTeH-
muas, uerynapyembie “Mmukpo I/1C obpasna” u ap.), 0 CIuTATH
BCE (DUKCHPOBAHHBIM, KPOME OJIHOTO IMapaMerpa — aKaJIeMude-
ckad 3a7a4a. Jla u 118 371eKTpOCTaTUKA J0JIKHO OBITh vV = ().
HccnenoBanne ycroifunBocTr cucteMbl 3apsaaoB |6, maparpad
19, c. 95] (wam OTHENBLHOrO 3apsijia) ONMUPAETCsT TOJIBKO HA 3a-
BHCEMOCTb R ™2, 9TO 11 MaJIbIX PACCTOSHHI — rumoTesa. Tax-
JKe yCJIOBUE, 9TO MepBasi, BTOPasi, TPETbs HPOU3BOIHbIE PABHEI
HYJII0, a 9eTBEpTasg — OOJIbINe HYyJs, HE OIPOBEPraeTCs TeM,
9TO YUCII0 YCJIOBHUiT GOJIBINe, YeM YHCJI0 TTePeMEeHHbIX (Tak Kak
HEKOTOPBIE YCJIOBHS MOTYT OBITh 3aBUCHMBIMU IPH HEKOTOPOM
CHENUATBHOM PACIIOJIOKEHIT) — HY2KHO GoJiee cTporoe JoKa3a-
TesibeTBO. MHTEpecHo, a Teopemy Mpuimoy moriu 661 “iogrsep-
nuTh” MoHHBIE KpucTasibl (pu T — 0K OHE JOJZKHBI OBLIH
OB, MO-BHIMMOMY, B30pBaThCsA?!).

,HJIH CJIydad HaJu4dYud JUSJICKTPUKOB 3allMCh SHEPI'HHU IT10JId
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(pabotsr) B BHIE |6, MTaparpad 30, c. 138]

1 1
W:§/ p(pdV+§/ opdS

C p U 0 7 ¢BOOOHBIX 3apSI0B — MPOCTO OTPeiesieHne OYKBBI
W, Tak Kak Jlayke TIpU BBIBOJIE pabOTHI CUJI TIOJIST TIPU MepeMe-
HIEHUU CBOOOJIHDBIX 3aPs/I0B BbIPAZKEHUE €1(0] = €9(Py ONUPALT-
csl HA HEU3BECTHBIE CBOMCTBA BEJMYUH HA MAJBIX PACCTOSHU-
AX OT 3apsaoB (MOCKOIBKY HMCIIOJIB3YeTCsI WHTErPHPOBAHUE), &
y2K paboTa CHUJI HOJs MPHU IepeMeIeHun IUJIeKTPUKOB U BO-
BCe He MOXKeT OBbITh HaligeHa B obOIiieM Buae. TakumMm obpasow,
dbopmysa mist sueprun (Todnee 6ykBbl W) — mpocTo mocTysiar.
[Tosist Ha GECKOHEYHOCTH HE MPH BCeX KOHMUTIYPALHAX 3aPsI0B
00paIaTcsa B HY/Ib. JTO OJHA W3 MPUIUH, OrPAHHIUBAIOIINAX
BO3MOXKHOCTDb BBEJIEHHUS IJIOTHOCTH SHepruu. Kpome Toro, BBe-
JneHne 00 bEMHON ILIOTHOCTH SHEPTHH HUKAK He CBA3aHO ¢ OJIM3-
KOAEeiiCTBAEM WK NAJbHOJCHCTBHEM, TAK KAK PA3HUILA JOJIZKHA
OBITH B HAJIMYHH 3aIa3/IbIBAHUS, a U3 (DOPMYJIBI I W:

1
w=—DE= —E?
8r 8

BOBCE He BHHO, KaKOi apryMeHT BPeMeHW JOJKEH TaM CTO-
ATh (TOYHEe BUIHO, UTO NMPHUCYTCTBYET TOJLKO TeKylee t, T.e.
ger 7! 3ama3ibIBaHUS; MHAYE HEIIOHATHO, KAKUME TAKHMHU IIO-
BEPXHOCTAMMA — OIIATDH ,ZLaJIbHO,ZLeI';ICTByIO]l[I/IMI/I — MBbI OKDYyZKaeM
3aps/ibl). HecTporocts paccyzKeHuil pH BBIBOJIE BBIPAYKEHHsT
JUUISl SHEPTUU CJIeAYeT TAKZKEe N3 HECOOTBETCTBHA 3TON BeJININHBL
(oubITy) JUIsi IEPEMEHHBIX 110JIell (3/eCh IIPOCTO COBPEMEHHYTO
JIEKTPOJIMHAMUKY HOMMATH 32 PYKY ).

BrlpazkeHue 114 IUIOTHOCTH SHEPrUy MOJIA B BUIE
)

W= —
81
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METOIUIECKH KazKeTCd CTPAHHBIM, BEJIb CHIA, HA000POT, YMEHb-
HraeTcd UpHu HAJMYUA CPpeabl. Keam paccMaTrpuBaTh CaMo T10JIe,
TO SICHO, 9TO KPOME IIaJIal0NIedl BOJTHBI €CTh BOJHBI, OTPAYKEH-
Hble BO BCEX HANpPaB/IeHUsX, To ecTh umeeM (E + Yk, F;)? > E?
rie k; - koabdunpenTsl orpazkenust BosHbl (paccesinue). Yo
[OHMMATD B PEAJIbHOCTH IO/ YIPYTOi 9HepIrueil — Toxke BOIpoc,
TaK KakK JUIOJIH MOI'YT OBITh He KBa3HyIPYTrUMHU (AaHTAPMOHIYe-
CKHe KOJIeOaHus1) U TePexojl K 3aBUCHMOCTH OT BpeMeHH (y9éT
PEAKIINH W PeJIAKCAIINK) He MOYKeT ObITh C/eaH B 00IIeM BH/Ie.
Takum obpaszom, POCTO UMEEM HEKOTOPbIil HEM3BECTHBINH Ha-
Gop snepruit (cymMmmapHbiit), a Bemmanna w = ¢ E? /(87) - npocto
MOCTYIUPYETCA PABHOH CBOOOJHONH SHEPIUH 3JIEKTPHUECKOrO
moJsist B JuasieKTpukax |6, maparpad 31, c¢. 142| (torma 3o —
Bepa, U He HaJ[0 HUKAKUX CKPBIBAIOIIUX ICEBI0000CHOBAHUIY).
1 emé Bo3HMKAET BOIPOC O MPAKTHYECKONR M3MEPUMOCTH U CO-
OTBETCTBUM 3TOH BEJMYUHBI B PEATbHBIX OrPAHMYEHHBIX [I1-
sJeKTpHKax (He GeckoHeuHbIX). To ecTh BBIpaKeHHe W - TPHU-
OIMKEHHOE, a He TIPUHIUIAIbHOE (HATIpUMED, He HAJI0 JIU HOP-
mupoBaTh E£?/(87) Ha 06bEM, CBOGOIHBL OT CAMEX JTUTIOJICH —
EePEHOPMHUPOBATH? ).

HOH,ZLepOMOTOprIe CUJIbI B AUSJICKTPUKaX BBIBOAATCA TOJIb-
KO B MOJETbHBIX IIPeIIoI0KeHIgX. [lepedncinM HeKOTOpHIE U3
mux. Jaxe B “o6mem metone” |6, maparpad 32, ¢. 149] mpemmo-
JIAraeTCsl MIaBHOCTh BCEX BEJIMYNH, OMHOPOAHOCTH (OTCyTCTBHE
reoMeTpuIeckKoro (pakTopa 03HAYaeT, YTO BCe pa3Mepbl — bOec-
KOHEYHbIe); BCIOMHUM TaKzKe TPO BCe HEONPEeIeTEHHOCTH 3a-
BUCUMOCTEN BeJIMYUH HA MaJiblX paccrosnusx. Jlajseko He upu
BCeX YCJIOBHAX M PACIPEeIe/eHUsIX MoJeil NI 3apsaaoB MOBepX-
HOCTHBIC HHTeIr'paJibl O6pa]l[aIOTCH B HOJIb. SHepFI/IH IIO0JId B pacC-
géTe cpa3y BKIYAET HEKOTOPYIO HEM3BECTHYIO YIPYIYIO HED-
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ruio (mepemennyio). Cpefa cauraercsa HeczxkuMaeMoii (6e3 Tan-
PeHINATIBHBIX HANPSZKEHUIT), TO €CTh JUIA KUJAKHX U 0COOEHHO
TBEP/BIX JIMJIEKTPUKOB TPEGYETCsl JIOMOJHUTETBHOE UCCIIe 0
BaHUeE. CBe,Z[eHI/Ie 06’béMHbIX CUJI K HaTAXKEHUAM IIpEeaInojaaraeT

HEIIPEPbIBHOCTbL U OI'PAHUYCHHOCTDb BCJIMYMH.

MoxkHO ykKa3aTb, 4TO HPUBOJMT K OIPDAHUYECHUSAM Ha CTe-
HeHb OOMHOCTH BBOJMMOTO T€H30PA HATSKEHUIN 9JTEKTPUIECKO-
ro moJs |6, maparpad 34, c¢. 161]: mamocTh pazmepon ob.a-
cTi w3MepeHust (ycpemHeHue 1o GOJIBIINM PACCTOSHUSIM) — He
JTI0 MUKPOBEJTUYINH; HE3aBUCUMOCTD HCIIOJIB3YEMOI'O € OT PeaJib-
HO¥i OPPAHUYEHHOCTH JUIJIEKTPUKA (OT BJAHSHUS TPAHUIL) U €ro
dbopmbr (reomerpudeckuii haxTop).

Bripazkenune 17151 B3aUMOIEHCTBHS IBYX 3J1€MEHTOB TOKA BbI-
DASAT BeChbMa HOA03pUTeabHO |6, maparpad 43, c¢. 207]. Bo-
II€PBBIX, HE BBIMOIHAETCS 3aKOH PABEHCTBA AEHCTBUS M MPOTH-
BojelicTBUsI. A ecim MBI HAUHEM ycTpemasaTh Rio — 07 Benb
B 3TOM CJIy4ae CyMMapHas CHUJIa OYEBHIHO JIOJYKHA OOpaTHTH-
¢ B HYyJIb. 3HAYUT, 3alUCh JJIsi JIEMEHTOB TOKa — HEBEDHA.
Bo-BTOpBIX, CTpPaHHO, YTO OTCYTCTBYET B3aUMOJEHCTBUE s
9JIEMEHTOB TOKa Ha OJHOIl ocu. Bo3moxkHO, BhIpazkeHne Amie-
pa GoJibIe oTBeYaeT JeficTBuTeIbHOCTH (JTH00BIe “pasHOrIacHs”
MOYKHO TOTBITATHCA OTHECTH HA PACIPOCTPAHSIOMIEECS K-
TPOMArHUTHOE T10JIE).

K BbIpazKeHuio no/is ujan IOHJAEPOMOTOPHBIX CHJI, KaK JIs
JUHEHHBIX, TaK U JJis 00BbEMHBIX TOKOB |6, maparpad 44, c.
210| BO3HWKAIOT BOMPOCH, HE3ABHCHMO OT TOTO, CUUTAEM MBI
9TU PE3YJbTATHl TEOPETHHUCCKUMU MJIUM IKCIEPUMEHTAIbHbIMU.
Besb He IPOSICHEH MOMEHT O B3aUMOJIeHCTBIH OJIMKANIIAX dJ1e-
MEHTOB TOKa (Ja u Hocuresedi Toka). C TOIKH 3PEeHHsI TEOPHH:
KaK TepeidiTH OT HAIMCAHHBIX BBIPAYKEHUI, €CJIM MPUHATH WX
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38 TOYHBIE TEOPETUIECKHE MUKPOCKOIINIECKHE BEJIMYUHBI, K Ha-
6IF0IA€MBIM TIOJISIM U TOKaM (HYZKeH y96T caMOCOrTIACOBAHHBIX
N3MEHEeHUH JIBHZKEeHUST HOCHTEJIeH TOKA M BJIMAHHS J100aBOK K
BHEITHEMY TOJII0 OT COCETHUX 3JEeMEHTOB TOKa). Fcim ke, Ha-
000POT, CYUTATH ITH PE3YJIHLTATHI CTPOIMMU IKCIEPUMEHTAJBHO,
TO TOIJA BCE BEJIUUNHBI B HUX — 9¢(PEKTUBHBIE CAMOCOITIACO-
BaHHbIE€, 1 KaK TOI/la BBIAC/JIUTH U3 HUX HMCTHUHHOE BbIPpazKCHHE
IIJIA 9JIEMEHTOB TOKa?

[TockOIbKY B 9I€KTPONHAMUKE BEJIUIUHBI 3aBUCAT OT PAC-
crostaus IR, ocobenHo cuibHo — npu R — 0, TO 3anucu cpeHnx
BeIpasKennii |6, maparpad 45, c. 213] moaKHB 6BITH 6oJEE TOY-
HBIMEI: < j >= e < nu >. AHAJOruIHO, CYUTATH 3AIUCH CHUJIBI
Jlopenmna cTporo#t mpu ManabXx R - HEeT HH MaJeHImuX OCHOBa-
uuit. Onsrrer [10], [13], [14] ckopee ¢BHIETEILCTBYIOT B MOJIL3Y
3aIlACH CUJIBL B (popMe cHIbl AMIepa Jjist MAarHUTHBIX cuJl. To-
[JIa TOYHO HCYe3aeT HPOTUBOPEdHe IIPH COBEpIIeHHH pPabOTHI
MATHHTHBIMU CHJIAMH B 3JjekTpomorope (remeparope). lasee,
abdext Xouta — Makpockonudeckuit apdekT m KBaHTOBas
MEeXaHWKa 3/1eCh HU npu 4éM. Hanwdame mMOJTOKHUTETHHBIX KO-
s dumuenTon XoJma I HEKOTOPBIX BEIIEeCTB CBUIETEILCTBY-
€T O HEBEPHOIl 3alMCh 3JIeKTPOMarHMTHBIX cuia. /lasee, mpo-
BEepPKA HEKOTOPOil 3aBUCUMOCTH JIOJIZKHA [IPE/II0/IAraTh, YTO BCE
BXOJISIIHE B PABEHCTBO MAPAMETPHI y2Ke OIIpe e/ IeHbl HE3aBUCH-
MbIM obOpasom. [lTockosibky cTporo v, R m camocoriacoBanHbie
nonst H u sin(v, H) #e usmepsiiorcst, To U onpenesienne e/m -
JIIIb IPUOINZKEHHOE,

YejioBust Jijid HOTEHIMAJIOB Ha OECKOHEYHOCTH SBJILAIOTCS
He (PU3UYECKUME, & YUCTO MAaTeMATHICCKUMH, 00YCJIOBJICHHBI-
MH KOHKDETHBIM YaCTHBIM criocobom onucanus (pemrenns). Ha-
IpUMep, MOXKHO HAPUCOBATH TTOTEHITHAJ, TI0-PA3HOMY BeLyIHit
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¢

Puc. 3: IloBegenne moreHnuaIa u moJe.

cebsl Ha ILIIOC U MUHYC OECKOHEIHOCTSIX, XOTs II0JIe TaMm Oy-
et crpemuTbed K Hymo (Puc.2.3): Bo Beex mmectn “roukax’:
—00, A, B,C, D, 400 1oJje paBHO HYJIIO, XOTsI [IOTEHIIHAJ Be3J1e
pasHBI ¥ OTJIHYEH OT HYJIs (M CMENeHHeM Hadaia OTCIETa ero
MOZKHO CJIeJlaTh PaBHBIM HYJIIO TOJHKO B OJHON | W3 TOdUex, a
He BO BCEX €pa3y). B peaqbHOCTH pelieHue B TOUKe He JTOJIK-
HO BOODIIE CKOJBKO-HHUOY/Ib 3aMETHO 3aBUCETH OT yCJIOBHUIl Ha
OOJILIINX PACCTOSHUAX OT 3TOH ToYkuU. [louemy Obl, HaNpuUMeED,
He CYUTATh YCJIOBUS HA OTJAJIEHUH COOTBETCTBYIONUMHU (PJIYK-
TYAIMOHHBIM XapaKTePUCTHKAM (KOTODBIE JayKe MOTYT 3aBH-
CeTh OT MPOCTPAHCTBEHHBIX U BPEMEHHbBIX KoopauHat)? Jlaee,
paccMOTpuM cireyIontyto cutyanuto. Harmma 3emura MmoxkeT can-
TaThCsAd OECKOHEYHO YAAJCHHON “TPAHUYHON TOUKON JIJ1s KaKOi
VTOJHO MJIaHeTHl W3 Jpyroit ramakTuku. Ho passe y Hac Be3fe
OTCYTCTBYIOT TIOJIsT ¥ TIOT€HIINAIBI PABHBI (JAPYT APYTY ) HYJTHO?
A Kak ke MPaKTUYeCKU MOXKHO OTJIE/JUTh Ty YaCTh HOTEHINA-
Jla, KOTopas — JIWIIb JId TON TAJTaKTHKH U SKOObI OJu3Ka K
HYJII0 OT BCEX OCTAJbHBIX, TACTO OTPOMHBIX, MOJI€H W MOTEH-
nuanoB? Taxkum obpasoM, peasbHbIe YCJIOBUS Ha OECKOHEYIHO-
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CTH HEW3BECTHBI W OCTAIOTCS JIHIIDL Bepoil (TpebGyeMoil TOIbKO
/Uil BBIOpAHHOIl 3apaHee MaTeMaTn4eckoil Gopmasusanun 3a-
nauan)! Tlosromy TeHHOCTH (peKJaMupyeMasi) Mepexojia oT Mo-
Jeil (yKe rOTOBBIX perlieHnii) K moreHnuataM (¢ gobaBieHnem
K auddepeHnnaibHOMy YPABHEHUIO HEM3BECTHBIX I'PAHMYHBIX
VCJIOBHI) — BeChbMa COMHUTEIBHA.

[Tostyuenne cTporux coorHourenuii (ypaBHeHnii) ¢ HCHOJIb-
30BaHIEM KOHKPETHBIX IPAHUYHBIX YCJIOBUIT (HApuMep, Ha Gec-
KOHEYHOCTH) ¥ Iepexojie K HHTEerPHPOBAHHUIO MO OTIATEHHOMN
MOBEPXHOCTH TAKZKe BEChbMa COMHUTEIbHO, TAK KAK B PEATbHO-
CTH TIOJ0OHBIE YCJIOBUST HUKOT/IA CTPOTO HE BBITIOJIHAIOT-
cs. BBoguMbie 10BEpXHOCTHBIE XapakTepucruku |6, naparpad
49, c. 225 u ypaBHeHusI He oCyIIecTBIsAOTCa B Ilpupoae (a
TOJIBKO TPEJCTABJISAIOT CODOM HEKOTOPBIil BHIOOD MaTeMaTHve-
CKOTO Tpejienia). A yzK 3aBUCHMOCTD SKOOBI CTPOTUX yPABHEHHH
B JIOKaJIbHOI TouKe (!) oT moBeieHust BbraucageMoil hyHKInn
Ha GECKOHEYHOCTH (0T CKOpPOCTH €€ yObIBaHUS) XapaKTepUu3yer
TEOPUIO HE C JIyIlieil CTOPOHBI (JIEMOHCTPUPYET €€ OTPaAHUIeH-
nocth). [loBeaenne norenmuanos (A u @) Ha GECKOHEUHOCTH
B PEATHHOCTH HE MOXKET OBITh OIPAHHIEHO HCKYCCTBEHHBIMU
yesoBusimu Tuna AR < 0o, R — 00 (310 orpaHuvYuBaeT Kpyr
3aj1a4 — cM. Puc. 2.3 — rie ke BceobnocTs ypasnenuit Makc-
Besuta?). [oydyenne XapakTeprucTUK GECKOHEUHBIX CHCTeM (Ha-
npuMep, GeCKOHETHOIO COJIEHOUA) TPOUCXOAUT TOJIBKO Yepe3
“3aKTHHAHUS’, TaK KaK B ypaBHeHHsX Maxcpesaa MpH UX BbI-
BO/JI€ UCIIOJIH30BAIOCH HHOE MTOBE/ICHUE BEJTMYUH HA OECKOHEUHO-
CTH.

[Ipy BbIYmCICHHH PabOTHI IOHIEPOMOTOPHBIX CHJI MATHUT-
HOrO moss |6, maparpad 50, c. 231] Bo3HHKaeT BOIpOC: Kak
JKe 9THU CHJBL, JCHCTBYSl Yepe3 MOTOK 3JeKTPOHOB W JIBUTAd
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BCIO MacCy HMPOBOJHUKA, COBEPIICHHO HE BIUAIOT Ha caM TOK j?
JlomotTHUTE TbHBIE HEPACKPBITHIE BOIIPOCHI KACAIOTCA POJIH BO3-
MOXKHOH medopMaImin KOHTYpa U YCKOPEHHOI'0 UTOTOBOIO IBHU-
KeHud CUCTEeMbI, YTO TOZKE MOXKET MEHATH CHUJIy TOKa. BaHI/ICb
paboThl Yepe3 M3MEHEeHHe MAarHUTHOTO IIOTOKA HOCUT OIDAHU-
YeHHBI XapakTep. Bo-mepBBIX, 71 YHHIIOJSPHON HHIYKIHH
(1 TeHepaTOpa, W MOTODA)

HéS =0,

xorst 3beKT ecTh (M MOIKEH OMUCHIBATHCS € THHOOOPA3HO, TO
eCTh aJTOPUTMUIECKH ). Bo-BTODHIX,

56132/ H,dS
A

BOBCe He OTBedaeT W3MEeHeHHI0 MAarHUTHOTO TTOTOKA Yepe3 KOH-
TYp, Tak Kak A - 370 60KOBasg MOBEPXHOCTH “MHJIWHJIPA’, KOTO-
DYIO ONMHUCHIBaeT KOHTYD MPU CBOEM JBHUZKEHUU B Pa3HBIE MO-
MEHTBbI BPEMEHU (XOTs YUCJIEHHO Ta BEJIUINHA COBIAIAET C
peabHON BeJIMYnHO# 1pu He1epOPMUPYEMOM HOCTYIATETbHOM
JIBUKeHUH KOHTYpa npu J = const © B IpeHeOpeKeHNn u3Me-
HeHueM caMoro marauraoro nossi H).

[Tpy BEIYUCICHUH TOHAEPOMOTOPHOTO IeHCTBIS TOKOB U KO-
sddunuenta B3auMuol nuaykuu |6, maparpad 51, c. 235] To-
7K€ HUCIIOJIB3YIOTCA OT'PpaHUYCHUA: OTCYTCTBHE BJIMAHNA TOKOB Ha
nosie H (camocorinacoBanuoe), kécrkas “Gukcanus’ CHIbI TOKA
J, orcyrcTBue nedopManuu W YCKOPEHHBIX JBUKEHUN KOHTY-
poB u ux 3jeMenToB. COXpaHEeHWE HPUHIUIA PABEHCTBA JIEii-
CTBUS ¥ IPOTUBOJCHCTBUS I 3aMKHYTBIX TOKOB BBILJISIAT
KaJIKUM OIllpaBJdaHUEM HE€ TOJBbKO H3-3a YIOMAHYTBIX BBIIIEC
orpanuvenuii obmuoctu. Benp B peaabHOCTH “HeNpepbIBHBIN
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TOK J Ha caMoM Jiejie cjaraeTcs U3 OTAEJbHBIX 3JIeKTPOHOB
1 “HECKOMIIEHCUPOBAHHOCTD JIJIS 3JIEMEHTOB  TPUACTCH HCIIbI-
THIBATH OTJIEJbHBIM 3JeKTpoHaMm. Hampumep, mycth ojHa ma-
pPa AuaMeTpPaJIbHO MTPOTHUBOIIOJIO?KHBIX 3JIEKTPOHOB BpalllacTCd
BOKPYT' OJIHOI'O HOJIOKATEIBHOIO IEHTPA, a Apyrasl mapa dJeK-
TPOHOB — BOKPYT JIPYTOro MOJOKUTEJILHOIO MEHTPA, HAXOMIsd-
IEroCs Ha TOH Ke OCH IUJINHApPA, HO BTOpas mapa MOBEPHYTA
Ha 90° oTHOCHTEILHO TIepBOit. Tak Kak mpu JBUKEHHH TOJ, YT-
Jiom 90° 3aKOH paBeHCTBa AEHCTBUS W TPOTUBOAEHCTBUS SIKOOBI
HE BBIIOJIHAETCS, TO BTOPasl apa HUCIbIThIBAET yCKOopeHue 0e3
JOTOJHUTEIBHBIX 3aTPAT YHEPrud (3TO UTO — BEUYHBI JIBUTA-
Tesb?).

DIEKTPUYIECKOe W MATHUTHOE MOJIsl, O CYTH, BbIPAZKAIOT
nBe “gacTH” OJHOINO M TOIO K€ IOJsl B3aUMOIEHCTBUS 3apsi-
J0B (YCJIOBHO Pa3jie/iéHHOIO Ha B3aHMOJeHCTBIE TTOKOSIIUXCST
3apsAI0B U TOKOB — JBHXKYIIUXCsI 3apsajioB). IIpo6iemMbl Kiac-
CHUYECKOI MHTEPIIPETAINH CIIMHA 3JEKTPOHA BO3ZHUKAIOT TOJIb-
KO IIPpHU HAJIOZKECHU U yCﬂOBI/Iﬁ TEeOpUHn OTHOCUTEJIbHOCTH, & KBaH-
TOBOH MeXaHuke “yIajoch’ - He 0ObICHUTH, a OMUCATH HEKO-
TOPbIC ABJICHUA HyTéM BBeJEHNA NCKYCCTBEHHBIX ITOCTYJ/IaTOB.
OTHoteHre CUIbI, 00YCJIOBICHHON COUHOM JIEKTPOHA W CHUJIbI
Jlopenna [6, maparpad 58, ¢. 270]

Fy  h |V
Fr,, 4mmv H
CBHJIETEJILCTBYET, YTO MPH MAJIBIX CKOPOCTSX JIBUXKEHUA yUET

cnuHa HeoOXOAUM; TAK¥Ke ITOT YIET HeOOXOUM Ha MaJjbIX pac-
CTOSIHUSX (HAIIPUMED, B ATOMe, TaK KaK Ha STHX PACCTOSHHIX
BCe TOJIsT CYIIECTBEHHO MEeHSIFOTCS).

Henbzda ne ckazarhb “napy JIaCKOBBIX CJIOB” IO MOBOJY MHO-
JKeCTBa “UCKYCCTBEHHO POXKIEHHBIX CHUCTEM €JTUHHUIL B 3JIEKTPO-
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guHaMuKe. ToMy, KTO XOTh pa3 IBITAJCd JeJaTh YHUC/ICHHbIE
OIEHKN WM MPAKTHYECKH MPOBEpsieMble DACUeThl (a HE Mpo-
CTO 3aKaHIUBAJ PAOOTY MAHUIYISIUIME TEOPETUIECKONR HU3H-
K C “MaTeMaTHIeCKUMU KPIOYKaMi”), HAaBePHSIKA TPUXOINIOCH
CTAJIKMBATHCS C HAIPOMOXKICHHEM PA3/IMIHbIX HEePEBOIHBIX KO-
s dbunuenTon u 3amen B popmynax. Takasg nCKycCTBeHHAA CH-
Tyanusi He JIOJKHA MPOI0IKATHCS BEIHO. A 78710 BCE KPOoeTcs
B OECKOHEYHOM TOp/IbIHE PEJISTHBUCTOB, ¢ OJHOM CTOPOHBI, pac-
IUIOJIMBIIAX MHOYKECTBO CHCTEM eNUHUI (7151 JeMOHCTPAINH,
9TO MX MOYKHO BBIJlyMaTh MHOTO, U BCE OHH sIKOOBI PABHOIPAB-
HBI), &, ¢ JPYTOil CTOPOHBI, PbSIHO 3AITUINAIOIIAX aGCOTIOTHYIO
CUCTEMY €/IMHUTL U PEKJIAMUPYIOIIIX €€ B TEOPETHIECKIX PACIE-
TaxX BMeCTO MexkayHapoaHoit cuctemsl CU. 3amernm, 9To mpe-
umytecTBo cucreMbl CUl B MpakTHIeCKUX BOIIPOCAX OUEBUTHO.
Bo-11epBbix, HCTOPUYIECKH BCE UCCJICIOBAHNS W OTKPBITHS JIeJ1a-
JINCh 110 U3MEPEHHMSIM HMEHHO B IIPAKTHYECKUX eJnHHuIax. Bo-
BTOPBIX, HA COBPEMEHHOM 3Talle TOXKe JTI0ObIe M3MepPEHUst, TTPO-
BEpKH, yeTpoiicTBa (IpUOOPHI) MPOU3BOIATCS (IPAyUpyIOTCs )
U KOHTDOJIUPYIOTCS C TIOMOIIBIO TTPAKTUYIECKUAX eTUHUIL (a J7Is
TEOPETHIECKIX U3MBIILICHU BBIHYK/IAI0T BBOJUTD IE€pPEpac-
gérHble (DYHKIUH 1 KOIDduments). B-TpeTbux, Mbl, HaKO-
HEIl, MMOX0INM K TOMY, UTO K€ TaK IMPUBJJIEKAET PEISTUBHCTOB
B abCOJIIOTHOM cucTeme eanHull! ByKoBKa ¢, 3anucbiBaeMasi siB-
HO B dopmynax (6e3 mpupiedenns (pU3NUIECKOTO CMBICTIA Ca-
mux dopmya)! Ho Benb 9ra 6yKoBKa HMeeT OTHOIIEHHE TOJIBKO
K CKOPOCTH PACIpPOCTPAHEHUs JIeKTPOMATrHUTHBIX B3auMOIeii-
cTrBuit B BakyyMme. Jlaxke jiig Bakyyma 3TO MEIAeT CTPOUTH
MOJIE/IA PACIPOCTPAHEHHS CBETA, & YK JIJIsl PEAJIBHBIX CPEJl €€
SBHOE HAIIMCAHHE COBEPIIEeHHO M3JuIHe (COMBAaeT B € IMHCTBEH-
HYIO KOJIEI0), TaK Kak 0000menus ypasuennii Makcpesra nim
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BOJIHOBOI'O YpaBHEHHS B Cpejie 3aBHCAT OT KOHKPETHBIX (hH3H-
YECKUX MEXaHU3MOB B3aUMO/I€HiCTBIS B CPeJie U BOJIH CO CPEIOI.
Takum obpazoMm, KomdecTBO “0000IIaINX’ KO03hdOUIHEHTOB
1 cocOObI UX BKJIFOUEHWS B TO WM WHOE CJIaraeMoe ypaBHEeHHil
MOI'YT MeHATbCsd. BbiOop abco/IoTHON cucTeMbl eJIMHUIL, COBEeP-
HIEHHO HEOOOCHOBAHHO MPOIPAMMHUPYET OrPAaHUICHHOCTH BBIOO-
pa Moje el U CHCTEMBI yPABHEHUIT B CpeJie.

Cuenyromee 3aMedanne emé pa3 KacaeTcd IPUHATOH UIeo-
JIOTHH IOUCKA PeIleHUH C UCIIO/Ib30BAaHHEM I'DAHMYHBIX YCJIO-
BUil. Kakoe MOryT MMeTh OTHOIIEHHE K PacCMaTPUBAEMOMY
IIPOIeCCY TPAHNUYHBIE YCJIOBUS TIJle-TO O4eHb Jajeko? Bejp Ha-
YUHAS C HEKOTOPOI'o paccTosHus R yOblBatoliue HOJIs U CUJIbL
JJTst JIOOBIX perieruii (sKoGbl TOYHBIX (DYHKIHI) CTAHOBSITCS
HEOTJIMYUMBI JIPYT OT Jpyra B Hpejesax CyIIecTBYIOIIel To4-
HOCTH M3MePEHHHl W MOTYT OKa3aTbCAd HAMHOIO MeEHBIIe, YeM
peasibHO HabJI0aeMble B IpUPo/e MIyKTyaluu STHX BeJINIHH.
[To-BupuMoMy, 3jech LepelyTaHbl IPUYUHA U CJIEJCTBHE: CO-
CTOSIHHE HCTOTHUKA ONPEENSIeT MOt U CUIbI BIAIU (ecsn Obl
HUYero Jpyroro He OBLIO), HO HE HAOGOPOT.

Banuch mioTHOCTH cui (Kak cuibl JIopeHna) siBjsiercst 1mo-
CTYJIUPOBAHUEM, HHAUE TPeOyeTCcss BO3MOYKHOCTH HE3aBUCHMOTO
onpejieieHnst Beex 4eThpéx (1) BEKTOPHBIX BEJIUIUH U JBYX CKa-
JdpHbIX. Ec/in BepuTh B cTporoctsh juddepeHnuaibHbIX ypaB-
venuii Makcpesia, TO “3aMBIKAIONIMM YpaBHEHHEM sl CHJIbI
(OCKOJIBKY OJIHH TIOJIsl CAMH IO cebGe HUYEro He BBIPAKAIOT —
OyKBeHHBIE aOCTPAKINN) SBASETCS] BBIDAYKEHWE, OTJIMIHOE OT
cuibl Jlopenna (em. |12]). Kpome rToro, crpanno nocrysmpo-
BaHue OJHO M TOil Ke (POPMBI M JIJId MAKPOCKOIHMYECKUX H
JUISI CPEJTHUX BEJIUYUH: U Jmicro B Hppjero MEHSIIOTCS Ha MUK-
poMaciiTabax B OFPOMHBIX IIpejiesiaX, a CpejiHee OT IIPOU3Be-
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JleHdsI B OOIEM cJiydae He paBHO HPOM3BEIEHHIO CPETHHX Be-
Jgmana. Kpome Toro, jiodbie HEOAHOPOJIHOCTH CPEJIbl MEHSIOT
g (OTmSITH BO3MOXKHBI KBaIpaTudHble 3hDMEKThl OCIUILISIIN).
Boobie rosopst, BHIBOAUMBIE (POPMYJIBI IIPUMEHUMbI TOJILKO K
CJIy4al0 PABHOMEPHO-OZHOPOSHOM cpeapl (1 = const!), no-
TOMy u3MepeHue BenmuuH |6, naparpad 65, c¢. 301] H u B
B HAPa/LICALHBIX U HEePHEHIUKYISPHLIX IIEIIX B IUIICKTPUKE
HECTPOTOe, a MPOCTO MOCTYIATHBHOE OMPeIeJIeHNe HEKOTOPBIX
HOBBIX BEJIUYWH, OJIU3KUX K TPeOyeMbIM.

Korza B |6, naparpad 75, ¢. 346] BBIYHCISIIOTCS TOHIEPOMO-
TOprIe CI/IJIBI7 ,ZLefICTByIOH_H/Ie Ha MAaI'HUT BO BHEIIHEM MAIl'HUT-
HOM TI0J1€, TO He YIUTHIBAIOTCA BO3MOXKHBIE H3MEHEeHHsI CBORCTB
CaMoro MarHuTa B 9TOM ToJie (Jla W CyMMapHOe IoJie TOrja
JOJIZKHO  OIPEJIEISTC KaK-TO CaMOCOIJIAcOBaHHO). Boobie,
CTPAHHO BHIYUC/ISTH M3MEPUMbBIE CHJIBI Uepe3 MOCTYJIIpye-
MYIO SHEpruio nojsd. B pesyibrare mogBagercs mIOTHOCTD CUJI
(maxke JBa pA3HBIX BBIPAYKEHHsI ¢ DA3HBIMU 3HAYEHUSIMHU!), KO-
TOpagd Ha CaMOM Jiejle MOXKeT B PeaJibHOCTH OBITh JIPYroii, u
TOJIBKO I/IHTeraJIbHaH BeJIMYUHa OT Heé nMeeTr CMbICJI. STO 3a-
paHee 0YeBHIHO, TaK KaK U3 U3MEPAEMbBIX MaKPOCKOINIECKAX
COOTHOIIEHNH MOKHO OECKOHEUYHBIM YHCJIOM PA3HBIX CIOCOOOB
¢ Pa3HbIM PEe3YILTATOM H3BJIeTh MHKDPOCOOTHOIIEHHUS M5 JJIe-
MEHTOB TOKOB. 3a4eM 2Ke CTOJHKO KPIOIKOTBOPCTBA MOPOIUTD,
€CJIN Mbl HUCKOJBKO HE HpOﬂBHFaeMCH orT OTKprTbIX a0 QO—FO
BeKa MHTErPaIbHBIX 3aKOHOB?

[Ipu “nosydenun” (popMbI 3aUCH IHEPTUH MATHATHOTO MO-
as |6, maparpad 81, ¢. 375] ecrecTBeHHO BO3HUKAET Psijl COMHE-
HUW:

1) ciyqait [HA] — 0 Geictpee, yem 1/R? oxBaThiBaer ne Bee
BO3MOKHBIE CJIY4aH;
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o E=
E=0

E=

Puc. 4: Tlone n norenmnuad.

2) BCe MOTEHIUAJIBI OIPEJIEJICHbI JHIIb ¢ TOYHOCTHIO JI0 aJi-
JTUTHBHOU TocTogHHOM. Hampumep, ma Puc.2.4 mone E = 0
Oy/er B pa3HbIX 00JaCTIX COOTBETCTBOBATH PAa3HBIM MOTEHIH-
aJlaM; aHAJOTHYHO M JIjIsg BeKTOpHOro morennuania. CiemgoBa-
TEJIbHO, PEe3y/JIbTaT He JOJIZKeH MEHSATHCHd MpH 3aMene A —»
A + const, u, 3naunt, Bcé yObiBanme 10KHO OTHOCUTHCsT K H,
a 9TO YzKe CYIIECTBEHHO OrPAHUYUBAET 00JIACTh ITPUMEHHUMOCTH
BBIBOJIOB;

3) u, HAKOHEIl, IJIOTHOCTh, MOJYyYeHHAsl KaK CpejiHee Ipu
MHTErPUPOBAHUH 110 OECKOHETHOH MOBEPXHOCTH, MOYKET XapaK-
TepU30BaTh TOJbKO MHTETPAJBbHYIO BeJInUnHY 3pdeKTa. U,
3HAYUT, OHA HUYEM He OTJIMYAETCsS OT (DOPMbBI 3aMMCH SHEPTHH
B3aUMOJEHCTBUS TOKOB: OTOPOIIEHHbIE YJIeHbI B 00JIACTIX B3a-
AMOJIeRCTBIA MOTYT JaBaTh BKJIa i COIIOCTABUMBIN, WJIN ITPEBbI-
AN BKJIaJ, OT OCTABJIEHHBIX Y/I€EHOB U UI'PATh CyIeCTBEH-
HYIO pOJib B P€AJbHOM PaCHpeIeJIEHUN JTOKAJIbHON IIJI0T-
HOCTH (KaK, HAIIPUMED, CPEeJIHSAsI IIOTHOCTH SHEPTHH aTMOche-
pPBI HEe IMeeT OTHOIIEHU K OTpe/IeTeHUI0 SHEPTUN KOHKPETHOTO
TOPHA/I0, ePEBEPHYBIIEr0 KOHKPETHBIH aBTOMOOHIIb ).
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Hano moMHUTH, 4TO BbIJEIEHUE U3 €JIUHON CHJIbI JIBYX Ya-
cTeit — OT 3JEKTPUIECKOTO TOJIsI U OT MArHUTHOTO TOJIdA, /18 H
caMux moJielt — noBosbHO yesaoBHO. C'TO He ycTpaHseT acuM-
METPHIO MEXK/Iy WHAYKIMEeHl 0T MarHuTHON dacTu cuibl Jlopen-
1a U OT JIEKTPUIECKOTO MOJIs, BO30YKIAEMOTO MEHSIONUMCS
MarHUTHBIM TIoJieM |6, maparpad 85, c. 394|, a mpocro mocry-
JIMPYET 5KBUBAJEHTHOCTh THX CJIydaeB (XOTsl OHU SIBHO HEIK-
BUBAJIEHTHBI XOTs ObI 10 BpeMeHu TosiByieHust ddderta). [Tomy-
yenne auddepennuanbuoi popmMbl ypaBHenuit Makcsesuia He
O3HAYaeT aBTOMATHYECKYIO OOIIHOCTH 3TUX ypaBHEHUil, a, HA
caMoM JieJie, 96TKO (pUKcHpyeT yeaoBus (OCTAHOBKY 3a/1a4H),
[IPU KOTOPBIX OHHU BBIBOAUINCE. FCTECTBEHHO BOBHUKAET BOIIPOC
o cumie JlopeHIa: yIUTHIBAET JIU Y2Ke MarHUTHAs YacCTh CHJIBI
JlopeHmna Ty 4YacTb 3JIEKTPUYECKOH CHJIbI, KOTOpPasg BO3HHKAET
OT U3MEHSIONIEroCst MAarHUTHOTO MOJIs Ha Iy T Jactuibi! Bepo-
sATHee BCero, 1o “obIenpHHATOMY CIHEHAPHUIO” TO MPOUCXOTUT
TOJILKO C JIMHEWHOW To4dHOCThiO. He coBcem ymadno pasjesie-
HUe Ha TOJIsl W sl CJIydas MepeMenHoro Toka [6, naparpad 86,
¢. 397] — MHOrHe JOCTATOYHO WHTYUTUBHBIE BEITH CTAHOBATCS
JKOObI 0OECIIOJIE3HBIME U HEBEPHBIMU JIJIs TAKOTO “ajJiropurma’.
BosMoxkHo, pasjesienre Ha TOTEHIUAIBHYIO H BUXPEBYIO YaCTH
OBLI0 OB DOJIee TPOJLYKTUBHBIM M HALJISAHBIM.

Jas apuzKyTnuxcs cpeji B IOTOHE 33 YI0BJIETBOPEHUEM DU~
spaunbix TpeboBannii CTO, smekrponnuavuka |6, maparpad
110, c. 536] orkasbiBaeTcst OoT Gosiee BaXKHOH CBOEH dYacTH —
OT CB4d3U C peaJJbHbBIM MHUKPOCKOIIMYECKHUM CTPpOC€HHEeM U MUK-
poiaBuzkenusiMu. B pesyiibrare ypasuenusi Makcsejuia npespa-
IAIOTCI B HAOOP YpaBHEHUE /i HUYEro He O3HAYAIONINX “Oy-
KOBOK', M TIO3TOMY CaMa MHBAPUAHTHOCTDb 3TUX yPABHEHUH yIKe
BOBCe He MMeeT KAaKOro Obl TO HU ObLIO cMbicaa. ExwHcTBEH-
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Hble ypaBHEHUs (3aMBIKAOIINE), KOTOPble MOIJIH Obl MPH/IATH
CcMBICT ypaBHeHusSM MaKcBesia, BBOAATCSI KaK ONpeaeIeHud
(1 mpeBpaIAIOTCs B MOANOHOUHBIE). OTKA3aBIIUCH OT 3/PaBOTo
cMbIcIa (MHTYHTHBHBIX W HALJISTHBIX TTPEICTABIEHNIT) B OJIb3Y
CTO, pesaTuBHUCTHI j1aJ1€€ MBITAIOTCS KAKUE-TO 3JIeMEHTHI POP-
MYJ1 OO0CHOBATH HHTYUTHBHO. OHAKO 9TO BBITJIAJIUT JIOBOJILHO
kopsBo. Hampumep, korma B |6, naparpad 111, c¢. 541| B BbI-
pazkKeHUSIX JJIsl MOJSPU3ANUA U HAMAHUYIEHUs (JazKe CMBICI
KOTOPBIX paHee mepectas ObITh ONpPe e IEHHBIM, OCTAI0CH TOTh-
KO Ha3BaHHe!) JIHUIb 4acTh CJIAraeMbIX IBITAIOTCS WHTYUTHBHO
00bACHUTD, a “3a apyroii dactbio” orceriaoT K CTO. I'pom
neHa MoJ00HBIM HAYKOOOPa3HbIM OOMaHaM (Tak MOXKHO JIF00OH
BBIIYMAHHBI KesaeMblit 9pderT b+ ¢ + d BbIHeCcTH BIEPE U3
JIFOOOI BEeJIMYMHBI @, HA OCTATOK K€ OTHEeCTH BCE “ocTajbHOe’:
a=b+c+d+(a—b—c—d)). Boroit cBsi3u Jyist 10J0OHBIX Be-
JIMIUH, KOTOpPble BBOAATCA Kak “onpejeseHns’, CTPAHHO TaKzKe
CChLJIATHCS HA “ONBITHBIE JIaHHBIE , BEJb OHU ONHUCHIBAIOT JIUIIH
qacTh 3ddekra (nuryntusnyo!). A “mobasouek CTO” nukak
He IPOBEPEH.

“Obbsicaenne” yHUTOIAPHONH mHAYKIMEK |6, maparpad 112,
c. 547| Toxke He BBI3BIBAET yAOBAeTBOpeHWs. [ljisi Hadama Ha-
IIOMHUM, 9TO OBIBAIOT BEJMYUHBI, I KOTOPBIX HMeeT (hH3H-
YeCKHH CMBICT TOJBKO UX W3MEHEHHe, HO CYINEeCTBYIOT (hHU3H-
YeCKHe BeJUYUHbI, KOTOPble HMEIOT CaMOCTOATEIbHbBIN (pu3nte-
ckuii cmbica. [Torok MaruutHoO# wHAyKIun V¥ obiagaer ¢pusu-
9eCKUM cMbICJIOM. [[oTOK paBeH HYJII0 NMPU BHITIOJHEHUH XOTSI
Obl OJIHOI'O U3 YCJIOBUI: KOHTYD PaCIOJIOXKEH BJI0JIb MarHUTHO-
ro moist, B = 0 wim S = 0 (410 JIeTKO MPOBEPSIETCST B 9KCIIE-

LER M)

pumenTax). Bo-mepBbix, “MaTepuanbHbIR’ KOHTYD BCE-TAKH O~
JIy9aeTcss CTPOTO HEe3aMKHYTBHIM W HETOHSITHO, MMOYEMY Mbl €ro
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JIONOJTHSIEM HOBBIM “MaTepUaIbHBIM YIaCTKOM. BO-BTOpBIX, U3
BeIpazKenus |6, maparpad 112, c. 551]

1dw

ind:___ \I/:/Bd
g PRETE S( s)

npu €M = constant moaydaeTcs, 9TO MNOTOK ¥ HeNpepBIBHO
pactér mo momyao. Ho ato — Open! Yepes mekoTopoe Bpems
KOHTYP HAYHET JeJaTh IHOJHBIE 000POTHI, U MOYKHO OBLIO OB
JIOBECTH TIOTOK JO CKOJIb YTOIHO OOJIBIITOTO 3HadeHusi. MoxK-
HO HPEJIOKHUTH CASIYIONUNA MBICJAEHHBII SKCIEPUMEHT: CHIeJ
TAaKOH HOBOWCIIEYEHHBIN JIeMUYPI B TedeHUe 3,0 MUJLIAAPJIOB
JIET Ha CeBePHOM TOJII0Ce 3eMJIN C TOKOSIIEHCs yHUIOISPHOIT
MamuHOi (3eMsl, KAK MATHUT Cama BPAIIAeTCsl, & TOKOCHEM-
HbBI€ IIPOBO/Ia, MOTYT OCTaBaTbCsd OPUEHTUPOBAHHLIMH I10 3BE3-
Jgam; ga 1 Boobmie — DJIC MoKHO U “He CHEUMATH’) M MedTaer
npousBecTu ouepeHOM Big Bang. 3atem Kk HeMy mpucoe TnHUI-
Cg APYTO#l MeYTaTe b — CTAaTh APXAHTEJIOM, W HPOCHIET EITE
MHJLTHOH JIeT. [loToM K HUM IPUCOeINHUICS eIé OJTUH, MeUTa-
IOIMUI CTaTh aHreJ oM. A depe3 THICATY JIeT IPHUIIET, HAKOHeII,
HOPMaJIbHBIH HccienoBaTe/ib XX Beka ¢ BOIIPOCOM U3 JI€TCKO-
ro ¢puabma: "Hé sto BB TyT mesaere?" Jla BOT, rOBOPAT, XOTHM
BaacTH HaJ Mupom: Mbl OBICTPO OCTAHOBWM BpAallleHHe Halmei
VHUIIOJSAPHON MAIUHBI, HBIHEIIHUNA OTPOMHBII IMOTOK HOJIZKEH
YMeHBIUThCsI 710 Bennautbl BS; 91C (pa3HOCTh MOTEHITHAIOB)
cTaHeT OrpOMHON u mpounsoiiaér dosaboit 6ym. lccireoBaresnb
OCTAHABIMBAET PYKOH X UTPYIIKY U ... HIYErO He IIPOUCXOIUT!
A ecam 6B1 He GBIJIO 3AMBIKAIOIIETO TTPOBOJIA (TOJHKO BPAIIAK-
muiicst maraut)? Yo 3a 6ecCMbICJACHHBIT POCT MAIHUTHOTO O~
toka? Vin nmpuanna — mposoa! Toxke Hememo! A ecoim BMecTo
ITOCTOSHHOIO MAarHUTa OBLI OBl COJIEHOM ¢ MOCTOTHHBIM TOKOM,
U MBI OBl €ro MIHOBEHHO OTKJIIOUMJIM — TOXKE JIOJIKHO OBLIO
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OBl IOy YATHCA THFAHTCKOE H3MEHEeHIe MAarHUTHOIO IIOTOKA, CY-
IICCTBCHHO 3aBUCAIICE OT BPEMEHH NPEeIbIAyIIeid padoThl yHE-
noJstpHOi Marmuubl (dero He Habawogan HUKTO!). B-Tperbux,
omwiThl J.Guala-Valverde MmoxkHO mHTEpIIpETHPOBATH KaK TOKa-
3aT€/bCTBO PEAJLHOCTH BPAIIAIONMUXCST 10l (MM HaJIdus
cubl AMrepa), TO ecTh MHEPIUAJbHBIX CBOHCTB JI€KTPOMAr-
HuTHOTO 1oJist, 9ero CTO Hy HUKAK He MOXKeT JOIyCTUTH (MHO-
rue Belld CPa3y CTAHOBATCS 3JIEMEHTAPHBIMH, a HHTEPIIPeTa-
nun CTO — Gecembicaennpivu). 113 xinaccukn 6e3 seskoit CTO
9JIEMEHTAPHO CJIeLyeT HAJM4Khe COCTaB/siomei F, Bo Bpalaio-
meMcst MarauTe (12 u npoBoHUKe). He cracaer Teopuio u mo-
JIY9CHHOE BBIPAKCHHUE JJIS PAIHAIHHOIO 3JIEKTPUICCKOrO OIS
|6, maparpad 112, ¢. 552]:

E =-""p
C

TaK KaK B CKPEIIeHHbIX 01gX F,., B, npeiidosoe qBuxkenue 0y-
JIeT MPOUCXOIUTH He TIO0 Pajuycy, a BOKpyr ocu. [Toaromy dop-
MyJI& JIjIsl PA3HOCTU IIOTEHIAJIOB

wa?

Cbo—éf)a: _2_CB

IpesicTaBisier coDON BCEro JIMIb MaTeMaTH3NPOBAHHOE (CBS3b
MezKJly TIapaMeTpaMu) MHEMOHHYECKOe MPABUIO JJIsl 3AIIOMU-
HaHus cTyAeHTamMu. Mbl BuauMm, 4To “o0bscHeHHE’ HE Cojep-
KT HU ITPpUYMH ABJIEHHA, HU €I'0 MEXaHU3MOB, HU CHOCO6OB ero
IPOSIBJIEHNST OT MUKPOYPOBHEH K BJIEHHIO B 1eJIoM. Takum 00-
pa3oM, YHUTIOJAAPHAA WHAYKINA KIET CBOETO BIYMYUBOTO WUC-
caenoBaTesst 119 OObACHEHUS W U3I0XKeHUsI B yIeOHNKAX.

Bakon Kysona [4, ¢. 22| He mpoBepeH ¢TPOro Ha OYEHb Ma-
JIBIX U O4YeHb OOJIBIINX paccrosgHusx. Boobie, npocTto To4yed-
HBIX 3apsijIOB HE CYIIECTBYET, a TOJBKO 3apsizKeHHbIE YaCTUIIBI
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KOHEYHBIX Pa3sMepoB ¢ MarHUTHBIM MoMeHTOM. /la u 3akon Ky-
JIOHA — 3TO oIrpejeseHne noundarud “3apgana’. /laxe yrBepzxie-
Hue 00 aJIMTUBHOCTHU 3apsija OMUPAETCS HA HPEIIOI0KEHTEe O
HEU3MEHHOCTHU OJHOTO 3apdida IIpu HpI/I6JH/I}KeHI/II/I APYyroro 3a-
paja. [Ipunnuil cyneprosunum Beerja HyzKJIaeTcsd B dKCIepH-
MEHTAJIbHOM IOJTBEP2KICHUN M HE MOYKET UCIOJIb30BaThCA KaK
cTporuil npuHIUN (HO JHIIb Kak TpubankeHHsit Meron). [Tpu
IIpoBepKe BUja 3akoHa Kymoma k/r? takske Bcerma 6ymer cTo-
ATh BOIPOC: YTO MPOBEPSAETCA — IMOCTOSTHCTBO KOdpduimenta
HPOHOPIMOHAIBHOCTH k MM IMOKa3aTe s cremern 27

Bpsin iu BBEIeHTe TIOHSATHS “9Heprust” MOXKHO Ha3BaTh [4, c.
26| “npOHUKHOBEHEEM B CYIIHOCTE  — TO BCETO JIUITH YIPOIIa-
€T psJ, BBIYUC/ACHUN, TaK KaK IIPOCTO HCIOJIb3YeTcd HHTerpaJi
jgBrKenusi. [Ipw BuIYUC/IEHUH SHEPIUU CUCTEMBI 3aPsJjiOB, BO-
IIEPBBIX, CYUTACTCS, YTO HAIIU 3aPsIbl VKe “KaK-TO COOpaHbl B
ennyio Touky . 1, BO-BTOPBIX, CAUTAIOT, UTO UX XaPAKTEPUCTH-
KU (HAITpUMep, pasMepbl, OT KOTOPBIX 3aBUCHT UX “COOCTBEHHAs
SHeprust”) He MEHsIFOTCs IPH COMUKEHUH STUX 3apsi0B. Beé 910
yKe He MOKeT ObITh abCOJIFOTHO cTporuM. K corkaJieHuio, pac-
YET ¢ TTOMOIIBIO OOIIENPUHATHIX (POPMYJI HE MOXKET 0ObICHUTD
YCTOWIMBOCTh NHOHHBIX Kpuctawios (rampumep, NaCl) — y mo-
TEeHITUAJILHON SHEPTUN HeT MUHIMYMa, TaK UTO ONSTh BO3HUKA-
I0T COMHEHHS B CTPOTOCTHU OOINENPUHSTON 3JIEKTPOJIMHAMUKY.
Koneuno, BBefeHme MOHITHS MOJIS TO3BOJISIET YIPOCTHTH Pac-
YETHI, MOCKOJIBKY MBI COCPEIOTOYHINCH TOJHKO Ha TMOBEJICHUH
BBIJIE/TIEHHOTO 3apsiaa. OHAKO OHO OKA3BIBAETCS ONPABIAHHBIM
TOJBKO IIPU HEIOABUKHOM KOH(MUTIYPAIUT BCEX OCTAIbHBIX 3a-
PsI0B, WHAYe pas3Hble HPOOHBIE 3aps/bl POU3BOIUIN ObI pa3-
Hble U3MEHEHUsSI B CHCTEME, W BCE BEJIMYMHBI TTPUXOMUIOCH ObI
TOYHO TaKzKe MePecUYuThIBATL ‘¢ HYyJ/Is .
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Bakon Kysona 6osiee undopmaTusen, yem 3akon Laycca [4,
c. 40|, Tak Kak SIBHO BBIJEJsIeT JOTOJHUTETBHO ChHEePUIecKyO
CUMMeTpHIO (MPH YCJIOBUH, YTO OHA CTPOrO CYIIECTBYeT), He
CJIETYONIY IO aBTOMATHYECKN 13 3aKoHa ['aycca st moToka (mo-
TOMY BO BTOPOM CJIy4ae CHMMETPUIO HYZKHO UCKYCCTBEHHO HC-
KaTh, IJIe MOXKHO, U J06ABIATh K 3aKoHy [aycca). 3amuch 3a-
KOHA TATOTeHNs HBIOTOHA KOPPEKTHA: BETUINHA IPABUTAIMOH-
HOil mocTostHHON GG (JTOKANBHOM!) MOXKET OKa3aThCst BOBCE He
IMOCTOSTHHON BO BpeMeHHM W B MacinTabax Bcejennoit. 3amuch
z3akona Kymona B cucreme CU Toxke mpegmodruresibuee, dem
BBIOOD €JIWHWI] HU3MEepeHUs 3apsijia, YCTPAHSIOMNUX TOJ00HBIIH
ko3ddumuent B cucreme CI'C. Beap Bce OmBITH 10 CHX TIOD
BBITTOJTHEHBI B 3€MHBIX YCJIOBUSAX, U HET HU OJHOTO JTOKA3aTe T Th-
CTBa TOTO, YTO MOJyY€HHBbIE JIOKAJTbHBIE BEJTUINHBI SBITIOTCS
“rj100aJIbHBIMU KOHCTAHTAMU B IIPOCTPAHCTBEHHBIX M BPEMEH-
HBIX MaciTabax Beenennoii (Hanpumep, cyniecTByoT 3(bupHbie
KOHIIEIIUH, T/Ie Psii KOHCTAHT MOYKET HECKOJIBKO MEHATHCS TTPH
BUXPEBBIX TeueHUusX 3hupa).

[IpocTo cMmernrHo “CTPOUTH MO CTY/IEHYECKOMY 3aaHUI0" sB-
HO HepaboTaIIue “MOJean JIeKTpoHa ¢ eIUHCTBEHHOH Iie-
JIbI0O — IIPUPABHATH €ro JEKTPOMArHHUTHYIO SHEPIHIO IIOCTY-
muposanHoit Besmunne mce? nz CTO.

E1é oiHO siBJIeHHe TeMOHCTPUPYET HEOCTATOYHOCTD (Heca-
MOJIOCTATOYHOCTD) CaMOil 1Mo cebe JIEeKTPOIUHAMUKI: XUMUYe-
CKHe peakIui SBHO MMEOT 3JeKTPOMATCHUTHYIO HIPHPOILY, HO,
TeM He MeHee, 3apddbl B FaJIbBAaHHYCCKUX 3JIEeMEHTaX ABUZKYTCA
IPpOTUB JICKTPUYECKOI'O 110JIgd, U Mbl UCKYCCTBEHHO BbIHY2K/IC-
bl cauTath I/ 1C — croponnumu. Takke HU U3 KAKOro o0IIEero
IPUHIANA HE CJIeJyeT, 9TO MOTeHIna (He HMEOInii caMocTo-
ATETBHOIO (DUBMIECKOTO CMBICJIA) HAJO MOJIAraTh PABHBIM HY-
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JIFO B OECKOHETHOCTH — 9TO MOXKeT OBITh Kak JIr00as KOHCTAH-
Ta, Tak U HeyObIBatomas GyHKIus (HanpuMep, mepuoindecKas
W BOOOIEe BOJHBI — “HyJIeBble KoJebaHus”) W Jazke BGECKO-
HEYHO BO3pacTatorias MyHKIWs (HO MeJIeHHO BO3paCcTalIasl,
410061 E — 0, inbo K KOHCTaHTe, ITOCKOJIbKY Mbl BOBCE HE 3HAa-
€M peasbHBIX yCJIOBHil HA OECKOHEYHOCTH, JIa M IJIe UCKATH Ta-
KYI0 “IycTyi0” GECKOHEYHOCTDH B HAINEH e IHHCTBEHHO HeIyCTO
Beestennoit!).

Jliist cuitel, JeficTByIONIE MeXK/ 1y 1POBOJAMH, JIy4diie ObLIO
OBl HE JIUCT MeTaJjaa BCTaBUTDH JId “IOKa3aTeabCcTBa’ OTCYT-
CTBHUS 3apsia, a SKPAHHPOBATH MPAKTHYECKH CO BCEX CTOPOH
XOTst OBl OJIMH U3 TPOBOJIOB (a Jyurie - oba).

Korma 9.ITapcenn [4, 11.5.2., ¢. 159] roBoput, 410 BBIpazKe-
HIE
F = ¢E + {[v x B
c

- €CTh OllpejlesIeHre BeJIMIUHBl B, TO 3T0 HOX0XkKe Ha peabHOe
“nonoykenne gen . JleficTBuTesIbHO, ONpeie/ieHre He JaéT Hu'e-
ro nosoro: Juist Beex (1) v(z,y, z) Hano 3uarh ¢ (OTKPHITHI BO-
IpPOC: KaK 9TO W3MEpeHHe CJeaTh B JBUKEHUH? ), HAJIO 3HATH
E(z,y,z) (OTKpBITHI BONPOC: MEHSETCS JIH SKCIEPUMEHTAb-
HO M3MepsieMOe MoJIe IPU JBUKEHUN? ), HAJO MPOBECTH U3Mepe-
rust et F(z,y, 2) (emé nen3secTHO KaK 9TO OCYIIECTBATH JJIsT
JBIKyIierocst oobekral). V1 B pesysnbrare Mbl IOJy9UM HEKO-
TOpyIlo “Hy odeHb IeHHYIO  dyHknuio B, a He mnpormie ju 61710
U3MEPHUTHL CPa3y TO, 9TO HaM jAeicTsuTesbHo Hano! [Ipn sTom
Ha CaMOM JieJie OCTYJIMPYeTCs (3TO COBPEMEHHBIH BBIOOD U
HUYero 6osiee), 9T0 JEHCTBHIE FJTEKTPUIECKOTO MO HE 3aBUCHT
or v(z,y, z). IsMepurh BeJMunHY 3apsijia B JBUKEHUN HEBO3-
MOZKHO: B IOKOe 3apsj] u3Mepsiercs no cuie KysoHa, HO ecin
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IO CHJIe U3MEPATH BeJIMIUHY 3apd/ia B IBUXKEHHH, TO MBI Oy/J1eM
BBIHY2KIEHBI [MOCTYJIHPOBATH HEHHBAaPHAHTHOCTH 3apsiaa!l Uro-
Obl MOCTYAUPOBATH HHBADUAHTHOCTH 3apsijia, aBTop |4, m.5.3.,
c. 160] mpousrocut “npaBaonogobHoe HayKOOOpa3HOe 3aKInHA-
Hue” 0 HeOOXOJMMOCTH HU3MEPSATb CPEJHION CHJly, JIeHCTBYIO-
Y10 Ha 0OJIBIIOE KOJHIECTBO OECKOHEYHO MAaJIbIX ITPOOHBIX 3a-
PAJI0B, pacipe/ie/IeHHBIX 110 ToBepxHocTH cdepbi. [To cyTu, 3to
IIPOCTO BHIOOP HOBOTO ONpPEaeaeHUs I/ BeJTUInHbI 1oJs K,
HE 3aBUCSIIEr0 OT CKOPOCTH MOCTY/IATUBHO. EcTecTBeHHO, OCTA-
I0TCSI OTKPBITHIMI BOIPOCKL: SIBJISIETCS JIH TOT KOHKPETHBIH BbI-
6op Hanboee yaA0OHBIM 11 BHIOPAHHOIO cIiocoba ONuCaHusd,
1 Tak Ju B peajbHOCTH ycTpoeHa [Ipupona? He cymecrByer
IPSMBIX OIBITOB U JIOKA3ATEJbCTB (K YK TeM Gosiee “HCUepIIbl-
Batorux’ [4, 1.5.4., c. 162]), 410 3apsij, ONpeneJEéHHbI TAKIM
obpa3oM, naBapuanTen. He roBopst 0 ToMm, 4TO Jlazke 1peJcTa-
BHUTDH TPYIHO, KaK BOOOIIE MOXKHO M3MEPUTDb MaTeMaTUICCKUN
HHTErpaJi 10 (PUKCUPOBAHHOI B HEKOTOPOI CUCTEME MTOBEPXHO-
CTH.

Conocrasiennst HERTPATBHOCTH PA3HBIX ATOMOB U MOJIEKYJT
crutkoM (1) TpyObl U MCKYCCTBEHHBI: 3TO He TPOCTO CHCTEMBI,
OTTHYAOIIHECS CKOPOCTSME YACTHIL, KAK YTBEPK/1aeTCsA B KHU-
re 9.Ilapcenna. Bo-mepBbiX, BCe CKOPOCTH MEHSIOTCA W OHH
COIJIaCOBaHbI Mexky co6GOil (a4 He HE3aBHCHUMBI JIJIsl PA3HBIX
cucrem). Bo-BTOpbIX, Ka>k1as 13 9TUX CHCTEM HE IIPOCTO Me-
XaHUYECKHU COCTOUT U3 TeX YK€ 3apSyKEeHHBIX MOJICUCTeM (da-
CTHIT), & WMeeT 110 COBPEMEHHBIM BO33DEHUSIM Da3Hble CYMMBI
Macc. B pesysibrare gedekTbl Mace BbIPAXKAIOTCS, HAIIPUMED,
B M3JIYYEHHUSX, KOTOPbIe YHOCATCA MPU 00PA30BaHUU CHCTEMBI,
TO €CTh B HEKOTODOIl M3 CHCTEM OTCYTCTByeT “HedTo” (B 4éMm
BBIPAXKAETCs 3TO “HeUTO” JOCTOBEPHO HE M3BECTHO — 3TO +(q
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U —q WIH PaBHOE OTHOIIEHWE ¢1/Mq U Ga/Mg W T.J.) U COIO-
craBjieHne ¢ MHOM cucrTeMoil 6e3 Takux 3HAHMI yzKe HeaJ eK-
BaTHO. [Ipu comocTaBieHnn ONTHYECKHUX CIIEKTPOB U30TOIOB —
TOYKE MEHSIeTCsI He OJMH mapameTp, a cpaly Heckoabko! U yx
BcTaBKa “Boobpazkaemoro” oubita |4, 1.5.4., ¢. 163| (aukorma ue
POBOJIUBIIIEr0Cs1) O MUMDUIECKOM U3MEHEHHH MAcChl TIPU JIBHU-
JKeHWHW W BOBCe m3juliagd. /la m macc-cuekrporpad HUKaK He
JOKA3BIBAET PEJISITHBUCTCKOE M3MeHeHHe Mace (XoTs 6bl moTo-
MY, 9TO CKOPOCTH B TAKUX CUCTEMaX HE MOTYT OBITH MPSAMO H3-
MEDEHBI B 9KCIIEPUMEHTAX ), & IIPOCTO (DUKCUPYET APYIYIO MACCY
ISt IpyToro o0bekTa (pasHulia Mace yiia Ha usiaydenue!). A
BoT yTBep)kaeane CTO o Tom, aTo “BeamynHa 3apsijia B pas-
HBIX JBHZKYIIAXCS CHCTEMaX JTOJKHA OBITh OJMHAKOBA JaBaii-
Te 3aOMHAM (MBI BEPHEMCS K HEMY TIPH O0CYZK/I€HIN MATHUT-
HbIX cuit). Ur1obbl He 06CyZK/IaTh Mpeodbpa3oBaHUsT TOJIeH, Omu-
patonuecst na CTO (cokpamienue mun), comuémes na [1] (em.
rak:ke http://www.antidogma.ru), rae mokazasa ommubOIHOCTh

CTO.
HeKOTOpaH IIPOTUBOPEYUBOCTDL BbIpazKeHUd JJId I10JIdAd ABU-
KYIIErocst TO9eIHOro 3apsaa |4, n.5.6., c. 170]:

E/_Q 1_52

© 2 (1 — B2sin? 0)3/2

cocrout B TOM, 4TO pn 0’ ~ w/2 u v — ¢ umeem E' — oo
(1 cmia — ToXKe) BIUIOTH /10 GOJBITHX paccTosHuii 1’ (MOXK-
HO Tak BeIOpaTh mapamerphl!). CTpaHHO TaKKe OIHCAHNE Iepe-
KJIIOYCHHs JINHUIT (3aBHCUMOCTD OT JaBHel uctopun) |4, m.5.7.,
c. 173]: ecoim 3apsaa GHICTPO OCTAHOBHTH, TO B OTJIAJIEHHON TOY-
K€ OKayKeTCsl, YTO 3apsi/| g JBUraeTcs Jajbline (MIHOBEHHOE
HAIIPaBJIEHUE CHUJIbI BCErJla YKA3bIBA€T MATEMATHIECKOE Ha-
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IpaBJeHne Ha 3apsl) W IMOJYdaeTcs, 9TO OH MOTOM JIOJKEH
BEPHYTHCS HA3a/ B PEAJTBHYI0 TOUKY OCTAHOBKH!

N3zo6paxkars B, uro ecau Bepasl CTO (a ecn Hetr?) n 3a-
ko KyJioHa, 70 MarauTHble siBJieHUs “00si3aHbl” CYIIECTBOBATH
[4, 0.5.9., c. 181] — u3meBATENBLCTBO HAJ| CTYICHTAME (MATHUT-
Hble SBJIEHUS W3BECTHBI KAK ONBITHBINH (DAKT j1ake 3a70/r0 J10
CO3JIAHUS HJEKTPOMATHUTHON TEOPUW W YK HUKAK HE 3aBUCAT
oT OoJiee MO3HUX U3MBIILICHUH 1 “00bsCHEHUl” TEOPETUKOB
peasgtuBu3ma). [Ipu mocsienyomnem paccMOTPEHHN CUMMETPH Y-
HOT'O TOKa B IIPOBO/IE IIPOCTO YzKacaeT “‘o0bscHenne” peIdTUBH-
CTOB O TIOSIBJIEHUN 3apsijia B ABUXKYIIelics cucreme. Bo-mepBoix,
peastbHbIe OTBITHI IPOJIETBIBAIOTCS ¢ KOHEUHBIME paMKaMu (HeT
UrPbl HA OECKOHEYHOCTSIX), HO TOTJA BCIOMHHM, 9TO MOJTHBIH
saps B CTO nosiken ObITh MHBAPHAHTHBIM (MMeeM IIPOTH-
sopeurie CTO camoii ceGe). Bo-BTOphIX, MOCTYIMpyeTcsd pa-
BEHCTBO MOJIeil OT MOJIOKUTETHHBIX U OTPUIIATETBHBIX 3aPSI0B,
HE3aBUCHMO OT MOKOsSl OJHUX U JBUYKEHUS BTOPBIX (Belb
3JEKTPUIECKOe IOJIe CUMTAeTCS TOJBKO OT M30BbITKA 3aps-
nal). B-tperbux, ecim sjekTpudeckasi cusia Oblia HyJleBoil B
OJTHOM cucTeMe, TO OHA JOJIKHA ObLIa TAKOBOM Ke 0CTaThCs I10-
cje “pesIATUBHCTCKOrO” mpeodpa3oBaHusd U B JIPYroil cucreme.
B-4eTBEPTHIX, & €CJIN OJIMH U3 IPOBOJOB (IYCTh Tereph y HAC Oy-
JIeT JIBe PAMKH ¢ TOKOM) 3apsiIUTh CJIerKa TAKAM U30BITOYHBIM
3apsIZIOM, 9TOOBI TPH TOMO0HBIX PEJISITHBACTCKAX MEPeX0axX B
COOCTBEHHYIO CHCTEMY 3apsI0B CYMMapHOe HoJjie (0T 3TOro u3-
OBITOYHOTO 3aPsJIA TIIOC TKOOBI BOSHUKAIOIIEE PEISITUBUCTCKOE
[OJIe) CTAJI0 TOYHO paBHO HyJ0? Beapb B s1aboparopHoii cucre-
Me OTCYETa TaKasl 3apsizKeHHasl (HeHelTpalibHast) paMka He Oy-
JIEeT B3aMMO/1eiCTBOBATH C “HE3aPSKEHHOI ', 8 MATHUTHOE 110JIe 1
B3auMoeficTBre (KaaccudecKu OTKpbiToe 1o nosieienns CTO!)
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octanercd npe:kuuM. Ho mpu paccmorpenun ¢ nosuruit CTO
OJIydaeTcs: KOH(py3: Tenepb B ABUKYIIEHCS CHCTEME HE JTO0JIK-
HO OBITH cui1! B-mgaThIX, MOmMO0HBIE “DETATHBUCTCKIE MPBIZKKH
B3a/I-BIIepE)1’ M300peTeHbl TOJIBKO JJIsd TOr0, 9TOOBI HAYKOO0O-
PA3HBIM 3aKJIMHAHUEM IIO/IOIHATH PEIEHUE MO/ U3BECTHBIN eITé
HCTOPHYECKH OTBET 3a1a4u (T.e. “3aHUM yMOM”).

HpI/I BbIUUC/JI€eHUN TTOHAECPOMOTOPHBIX CHJI CUUTAETCA, YTO
BEIECTBO U 3JEKTPUYECTBO PACIPEJCICHBl B IIPOCTPAHCTBE
HENPEPBIBHO (YTO B PEAJIbHOCTH HE COBCeM Tak). To ecThb 310
O3HAYaeT, 9TO ObLIO MNPOBEICHO HEKOTOPOEe YCPeTHEeHne, HO BeIb
JI CPeJIHAX BeJTMYUH

(D?) #(D)?,
1 1
() # 5%

Cumraercs TakyKe, 9T0 AUIJIEKTPUK — YKUJIKAH U W30TPOITHBIIH
(4TO B MPHUCYTCTBHH MOJIS YXKe SBJISIETCs] TPUOTHKEHHBIM), a
QJEKTPUICCTBO ABUZKETCA BMeCTE C BEIICCTBOM (TaKaH JKECT-
Kasi BMOPOXKEHHOCTh — TOXKe npubsmkenue). Jlaree, caM mpo-
[eCC paccMaTpUBaeTCs Kak m3orepmudeckuit |8, m.34, c. 137].
B wurore, BMecTo TOro 4To0bI YE€CTHO CKa3aTh O PACCMOTPEHUN
KOHKPETHOH MOJIEIN IUSJICKTPUKA, YTBEPXKIAETC, OYATO II0H-
JIEPOMOTOPHBIE CHJIBI HAMIEHBI B OOIIEM BH/IE.

[TonHbIM 0OMAHOM BBIDASUT caenytomast ¢hpasa B [8, m.49,
c. 214]: “Bakon, onpenensomuii cuy Fy,...noayden obobiie-
HEeM OTBITHHIX BaxTos ... Fy,, = 4[v x B], rae sextop B me 3a-
BUCHUT OT BEJIMYUHBI 3apsijla U ero JBuzkeHnust . Bo-uepsbix, 310
MOIJIO OBl OBITH TaK TOJBKO IIPU BO3MOXKHOCTH HE3ABUCHMO-
IO OompeaeJieHus BceX BenduH (M3 NPUHIUIHATIBHO JPYTUX
onbIToB). OJHAKO 9TO HE Tak, MO KpaiiHell Mepe, JJisi BeJTUIHH
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F,, u B (3HauuT, MBI HMeeM JIeJIO HE ¢ 3aKOHOM, & ¢ Olpe/ieie-
urem). Bo-Bropeix, coBcem ckopo, B CTO Gymer yTBepKAaThCs,
910 mosie B MeHsieTcd B 3aBUCUMOCTH OT CHCTEMBI OTCU€ETA. B-
TpeTbux, “0000IEeHneM ONBITHBIX (DAKTOB’ IMOJIYYAJTUCH CPa3y
MHOZKECTBO BbIPAXKEHUHN JIJIsl CHJIBI, CPEIU KOTOPBIX HamboJee
u3BecTHB Tak:ke (opmysia Bebepa u dbopmyna Ammepa (mo-
caenHue onbITh [10] CBUAETENBCTBYIOT B OIB3Y UMEHHO 3TOTO
MOCJIeTHETO BhIpazkeHusi). Boobie roBopsi, Kazkioe U3 “OmbiT-
HBIX BBIPDAYKEHUH NMeeT CBOU JOCTONHCTBA U CBOW HEIOCTATKH.

Ha camom feie dusuku (HauuHas ¢ Xepucaiiga) mpocTo uc-
KYCCTBEHHO TTOCTYJIUPOBAJIN NUMEHHO B TaKOi, OOIIeTpuHATOR
B HACTOSNIMIT MOMEHT, (hOpMe 3alUCh MATHUTHON CHJIBI (BCIO
“Hem3BECTHOCTDL’ OTHOCS Ha MarHuTHOe nosie B). B “urore” sto-
ro BbIOOpa, Mbl HUMeeM ceffdac Jejio ¢ 3alUCbIo CUJIbL B hopMe
cutel JIopeHna

F=¢qE+ %[V x BJ).

U Bapyr B pe3yabTaTe BceX MOIO0OHBIX “HOCTYIATUBHBIX OTKPHI-
Tuii” oka3piBaeTcd, 4To BemunHbl E u B myx)kuHo B CTO 1O-
CTYyJHUPOBATh 3aBUCAINIUMH OT CHUCTEMBI OTCqéTa, TO eCTh 3a-
BHUCAIIIME OT CKOPOcTH. Takum 00pa3oM, e IMHCTBEHHAS
1esab (1 MpesecTh) MogoOHOrO BHIOOPA, & MMEHHO pa3/ie/eHine
CUJIbl Ha CYMMY /JABYX CJlal'a€MbIX, OJHO M3 KOTOPbLIX BOBCEC HEC
3aBUCUT OT CKOPOCTH, & JIpDyroe — MPOIOPIHOHAIBHO CKOPO-
CTH, OKa3bIBaeTCa He JocTurayToii. CiienoBareibHO, HE CHUMA-
eTcs 3ajada MOMCKa Hambojee yIoOHOro BBHIOOpa BHIA ITOJIEH
u cuat (a “910 BCE” paboraer He MO-OTIEIHHOCTH, a TOJIBKO B
koMmiriiekce!). OubiThl ¢ OT/IEIbHBIME 9ACTHIAME 33TDYIHEHBI
TeM OOCTOATENIbCTBOM, UTO MaJieiilme BO3aeicTBust (u3Mepe-
HUsl, HATIPIMEP) MOTYT CYIIECTBEHHO MEHSITh MapaMeTphl B~
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KeHns (BCIOMHUM KBAaHTOBYIO MeXaHUKY). OTBITHI JKe ¢ 3Jie-
MEeHTAaMH TOKOB HEBO3MOYKHBI B IPHUHIUIE, U TOTOMY TOJBKO
BBIDAYKEHUS JIJI 3AMKHYTHIX KOHTYPOB (HampuMep, 3aKoH Buo
u Capapa, nim cuia AMrepa) MOTYT CIUTATHCS TOCTOBEPHBIMH
€ IKCHEPUMEHTAIHHON TOYHOCTHIO. CTPAHHBIM SIBJISIETCSI HAPY-
IIeHUEe PABEHCTBA JeUCTBUA U NPOTUBOJCHCTBUA: MIPH JIOODOBOM
CTOJIKHOBEHWH, KOTJA 719 — () 9TO paBeHCTBO JOJIZKHO BOCCTa-
HABJIWBATHCS, & ITO B COBPEMEHHOU 3JIEKTPOINHAMUKE HE TakK
(ceioBaTeIbHO, €CThH MOJ03PEHNe Ha HETOYHOCTH (DOPMYJT TIPH

MAJIBIX 7).

MakcBe/LoBckas TpakToBKa |8, m.66, . 271| apyenus s71ex-
TPOMArHUTHONW WHAYKIUK — BCEro JIMIIb OAHA W3 MaTeMaTH-
YECKUX 3alliceil HEKOTOPBIX HAOJII0MAEeMbIX SABJICHUE, TPUIEM
0e3 packpeiTHs camMoro pu3mdeckoro mMexanmsma. lanHnas
¢dopma 3amucu OrpaHWYeHa, TaK KaK KOHTYP CUHTAeTCs (PUK-
CUPOBAHHBIM (HEMOIBUKHBIM U HeJedopmupyembiM). “U3Bie-
qenne’ nuddepernuaabHoil hopMbL

U3 MHTErpaabHON (POPMBI 3alUCH HTPUHIMIIHAJILHO HE MOYKET
OBITh ODOCHOBAHO YMCTO MaTeMaTHYeCKM, TaK Kak HeoOXOu-
MO BBISICHUTDb (PU3UYECKYIO POJIb U BIUSHHUE TPDAHUIL CHCTe-
Mbl (HAYUHAs C HEKOTOPOrO MAJIOTO PACCTOSHUS, TOT hak-
TOp MOZXKeT cTaTh 3amereH). M 1o, 4ro “BO BCEX CiydasiX WH-
JVKIIMOHHBIM TOK BBI3BIBAETCS TOJHON cujoii JIopenmna” - Bce-
o JINITh CJIE€ACTBUE BBEIEHHBIX onpejenenuit (Bepor!). Pesrs-
TUBUCTBI HBITAIOTCH JIFOOOH HEeHOI UCKJIIOYUTH U3 00CY K IeHUs
VHUIOJISPHON MAIIMHBI WHEPIUAJIbHbIE CBOHCTBA ToJIel (nHaTe
BECh PeJIATHBHU3M “ncnapurcs’). PeastuBucrckue npeobpasona-
HUS MOJIeli — ToXKe He MOATBepzKIaeMble PUNUECKH “UT'PHI C
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MaTeMaTHIeCKHMU KPIOYKaMK', TAK KaK H3MepeHa MOXKeT ObITh
TOJIBKO OJHa BEJIHMYNHA — BEJINYNHA CHJIDI.

B omnpenenennn nuaykrusaocty |8, m.68, c. 281]:
1
®=-LJ
c

TaK U He ObLJIO CKA3aHO, KaK K€ IIPOBOJUTH KOHTYD BHYTPHU
KOJIBIIEBOI'O IIPOBOJIA. 3aMETHM, YTO BeJuduHa P - Hemsmepsie-
Mas (TO ecTh IIPOCTO KOMOMHAINS CHMBOJIOB). A CCHLIIKA Ha CJie-
nyiomuit naparpad 69 ompeensger BEIUUUHY WHIYKTHBHOCTH
L TakxKe 4depe3 HeH3MepAeMyIO BeJIUUUHY MATCHUTHOW SHEPruu

Wi,

3amMeTnM, YTO WHIYKTUBHOCTD COJIEHOU 14 CTPEMUTCS K Oec-
KOHeUYHOCTH 1pu N — 00, JaxKe ec/Iu MepeidTu K mpeaeay Imo-
BepxHocTHoro toka JN = const. CBoiicTBa KOHKPETHBIX Ma-
tepuanos (g, i, R, p) Beerma onpeneséHHBIM 00PA30M B3anMO-
CBsI3aHBbI MKy cO00M (M ¢ BHEITHUMU YCJIOBUAMHE), U B O0IIEM
caydae Heab3sl OTJAEJbHBIM BeJIMYMHAM HCKYCCTBEHHO TPHIA-
BaTh T€ WM MHbIE 3Ha4eHust, Hanpumep, R = 0 [8, 1.69, c. 288|.
['unore30ii aBIgeTCS BHIBOJ, YTO MOYKHO OIPEJICTUTD “UHTErpaJ
JIBUZKEHUs , HA3BAHHBIM MAarHUTHOM 3Heprueil u He 3aBUCAIINIA
OT crocoba mepexoja W3 HAaYaJbHOTO B KOHEYHOE COCTOSHUE.
Hampumep, yx ecim coBceM CTPOro, To HeJib3st 1ehOpMUPOBATH
IIPOBO/L U ero MarepuaJ 6e3 3arpar suepruu. /la u 94To 310 Takoe
IO CMBICY “MarHuTHag dHeprus’! Ecjin 3To SHEprus mojs BO
BCEM MIPOCTPAHCTBE, TO OHA, KOHEYHO K€, 3aBUCHT OT MOPIKA
1 €1oco0a BKIIOUEHHS W HapacTaHUs TOKOB. 10, UTO yTBepKIa-
eTCs B JIAHHOM Y4Ye0HHWKEe, MOYKET WMETh MEeCTO JTHOO eCJIn IO,
MarHuTHON 3Heprueil MoHuMaTh HeUTO BPO/ie 3PDEeKTUBHON 110-
TEHIMATBHON (MU azke KHHETHIECKO?) SHEPIUH TOKOB, U0
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€CJIM BBOJIMTH MCKYCCTBEHHOE JIONOJHUTEIbHOE YCJIOBHE, OY/ITO
CUTyaIus yzKe B TedeHne 6ECKOHeYHOTO BPEMEHU OCTaETCsI CTa-
MAOHAPHOM.

BreiBo BeIpazkeHUsT [isl IJIOTHOCTH MAarHUTHONW SHEPTHH C
nesabio “ompeenenust eé nokaaunsanuu |8, m.70, c. 292| 1oBoJH-
HO orpannveH. Bo-nepBoix, KECTKO (pUKCUPYETCs BCS KOHPUTY-
panus. Bo-Bropbix, npuunna “‘cupgrana’, Bejib B “JI0Ka3aTE b
cTBe” 1714 OECKOHEUYHOTO COJICHOMIA IoJie B MOXKeT MeHAThLCSI
TOIBKO 1pu u3Menennn Toka J(t). Takxke mesHsTHA dbpasza o
ToM, 4T “opmyibt (69.3) nuiens cMmbicaa” 1js GeICTpoIEpe-
MEHHBIX TTOJIeil. DTO MOTJIO OBl OBITH TaK, €CJI OBl 3TH (POPMYJIBI
[0 CMBICJIY BBbIPAKaJl HEKOTOPBIN 3aKOH, HO OHU BBIPAKAIOT
TOJIbKO onpejesienue W, 1 1oToMy BIOJIHE MOXKHO [0I00paTh
Takyto Beananny L(t), 4To6s Hem3mepuMast eninanaa W, yio-
BJIETBOPSLIA JIFOOBIM IMPUBBIYHBIM (POPMAIBLHBIM TPeOOBAHUSIM.
“Crporuit MaTeMaTudecKuil BoIBO/ (OPMYJIBI HE coBceM 0e3-
YIpPeUeH: UCroJb3yercs Bepa B ypaaenue div B = 0 (To ectb B
HAJIHYHEe BEKTOPHOTO MOTEHIINAA), HCTOIB3YIOTCS “ClIaCHTe Th-
Hble” yCJA0BUs Ha OECKOHEYHOCTH, M, HAKOHEI, U3 BBIBO/A HU-
KaK He cJIeyeT OTCYTCTBUE JOCTATOYHO MPOU3BOJLHBIX “HYJe-
BBIX KOJieOaHuil”, 3aBUCIIIAX OT KOHKPETHOI'0 00bEMa U Jai0-
IUX IPH UHTETPUPOBAHUK 110 HEMY HOJIb.

BoiBoj, BhIpazkeHns, TOYHEe, BBEJICHNE OIPEIEeJICHUS I
MATHHTHBIX CHJI 9epe3 sHepruio [8, .72, c¢. 296| mpu momos-
HUTEJIbHBIX YCJIOBUSX IOCTOSHCTBA HEKOTOPHIX IapaMeTPOB
(y’Ke MCKyCCTBEHHOCTH!) 03HAYAeT OrPAHIMIEHHOCTh Pe3yIbTaTa
(upubsamzkénnocrs). Hanpumep, jJaxe B OJHOPOIHOM MarHUT-
HOM IOJIe CYIIECTBYeT MOMEHT CHJI, I OH 3aBHCUT OT (POPMBI
Tesia (Cae0BaTeNbHO, H OT MAUHUTOCTPUKIINH) W OT (i BEIe-
crBa. [linga dbeppoMarieTukoB BBeieHue MOHSITHs [ (WA K) HU-
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Jero He JIaéT, TaK KaK 9TO IPOCTO OIMPEIeJIEeHUuE HEeKOTOPOH
HOBO}I Hen3BecTHOI GyHKIME (1 Tpebyercs emé OIHO ypaBHe-
HUe JIJI TOJTHOTHI U OJHO3HAYHOCTH CHCTEMBI YpaBHEHUIl, a ero
HET).

Bripazkenue jijist paboThl moJs U ToKa |8, 1m.84, ¢. 362 BBe-
JIeHO 6e3 y4éTa TOKOB CMeleHns (“3/1ech YuTaeM, 3/eCh He U-
TaeM, 3/eCh KUPHOE MSTHO, ..." ), TEIIONPOBOJHOCTD HOJIara-
ercss paBHON HY/T10 (IIPU HAJTMYUYM OMHYECKUX [OTEPh, CBsI3aH-
HBIX C CONPOTHBJIEHHEM!) M TOBOPUTCS, UTO SKOOBI BCE erné
MOKEeT OBITh B HOPSIAKE, TO €CTh BBIPAXKEHUE IIPOCTO “‘TOJIK-
HO PaCcCMATPHUBATHLCS KaK OJUH U3 TOCTYJIATOB MaKPOCKOMHYe-
ckoit Teopun 3exkrpudectra’. Takxke “cjioBeCHO” 00bSABJISETCS,
YTO 1O/l BEJUYMHONR 1 IMOHUMAETCH IJIOTHOCTH BCEHM BHYTpPEH-
ueil sueprun. OKa3pIBAeTCsI, KAaK JIETKO 3aHUMATHCS (DU3UKOiH!
Bronumb Kakoi-HUOYAbL MOCTYJIAT, JUMIL ObI YUCJI0 “JTUNTHUAX
mapaMerpoB ObL10 Joctarodno (Hampumep, kak B OTO), a ma-
Jiee IPOCTO UITEITh HHTEPIIPETAINHN Oy YAIOTNUMCST PEITEHISIM.
1 BoBce He 06s3aTEIbHO, ITOOBI MOCTYJIATHI CTPOTO BHITEKAIN
U3 9KCIEPUMEHTATBHBIX 32KOHOB ([IOCMOTPHUTE HA BCIO CHCTEMY
ypaBHeruii MakcBesia B coBpeMeHHON unTeprperanuu!). Of-
HAKO HMPAKTHKHU JJIs PEAJbHBIX PACYETOB MCXOAAT MUMEHHO W3
9KCIIEPUMEHTAIbHBIX 3aKOHOB H TOJBKO TEOPETHKH “UTPAIOTCS
¢ MaTeMaTHIeCKUMH KPIOYKaMu~ - JHUIIb Obl COILTHCH. Beipa-
JKeHWe TS IJIOTHOCTH YHEPIUU, KaK He M3MepPsieMoe, OCTAETCs
HA OTKYII Bepbl TEOPETUKOB.

[Tocie MareMaTuvecKuxX KOMOWHAIIMI NMPHU TOJYIeHUN TeH-
30pa YHEPrUU-UMILYJIHCA SJIEKTPOMAIHUTHOrO 1o |5, 1m.33, c.
113] monyuuiack HecuMMeTpu4Hasi BesumuuHa. K Heil uCKyc-
CTBEHHO JO0ABHWJIM cCJaraemMoe JJjis CHMMETDPH3AINH, KOTOPOe
HUYeTO He M3MeHseT B HabIomaeMblX BermdamHax. llomydaer-
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cs1, 9T0 JInOo TpeboBaHKe CUMMETPUIHOCTH TeH30pa (PU3UIECKU
HUYIETr0 HE 03HAYAET, JTN0O BCE KOMIOHEHTHI JAHHOTO TeH30pa —
BcioMoraTebHbIe BeqWIuHbl. Ecan Bektopsl E mw H B3ammuO
MIepIeHIUKYJISIPHb U PaBHBI 10 BeJIMYWHE, TO B 3asBJsIeMOit
HCGB,ZLOGBKIII/I,ZLOBOI;'I METPpUKE JIJid IIpUBEeACHUA TEH30Pa K JdUa-
FOHAJILHOMY BHJY TpebyeTcs cucreMa, JBHUTaloNascsa ObicTpee
CKOPOCTH CBeTa (Yero pesisiTHBUCTHI HUKAK He Jomycrsar). Kpo-
Me TOro, MOCJ€ CUMMETPU3AIUANA OKA3AJI0Ch, UTO s IOJIA
cnex T) = 0, 9TO Jajee MCTMONIB3YETCA MPU BBIBOJE TEOPEMBI
Bupnasa [5, m.34, c¢. 118|. OxHako st HOydeHUsT TEOPEMb
BUPHAJIA €I MCIOJIB3YIOTCS HECOBMECTHMBbIE TP IIOI0KEHUS:
dbunuTHOE (CJIEIOBATEIHHO, YCKOPEHHOE) [BUZKEHHE 3apszKeH-
HBIX YACTHUIL U OTCYTCTBHE M3JIyUeHUsT (SHEPIUU, YXOJSIIIel Ha
HeckonedHOCTh). [103TOMY pe3ysibraT, BOSMOXKHO, MPUOJIHZKEH-
HO IPpUMEHHUM TOJIBKO K CHCTEME HE3apAXKEHHBbIX 4YaCTHIL. HpI/I
IOIBITKE HCKYCCTBEHHOI'O BKJIIOYEHUS B IOJYYEHHOE BBIpazKe-
HUE JICKTPOMAIrHUTHBIX CUJI OKa3bIBaCTCA, YTO dHEPIrud 66CKO-
HeYHA (0T COOCTBEHHOMN JIEKTPOMATHUTHON SHEPIHH TOYEUHBIX
3apg/I0B) U HAJI0 HPOU3HOCUTH “HAYKOOOpasHOe 3aKkIuHaHue O
BKJIIOUCHUH €€ B KHHETHYECKYIO SHEPIUIO (TO €CTh MPOBOAUTH
epeHOPMUPOBKY ). T1o ¢yTH, Te e orpaHHYeHHbIe PE3YIbTATHI
HCIIOJIb30BAaHbI IIPU BBIBOAEC TE€H30Pa IHEPIrUU-UMITYJIbCa MaKpPO-
ckommueckux e [5, m.35, ¢. 120] (7a enté u npeanonoxenue 06
U30TPOIHOCTH JIABJICHHS, BEPHOE TOJIBKO JJIsl Ta30B U HHIOTOHO-
BBIX 2Kujkocreit). [TosTomy u BBIBOJ IpeJeJbHOTO yPaBHEHUSs
COCTOSIHUA OCTAETCA TUHOTETHUCCKUM.

Bamernm, 4To jazke sseMeHTapHbiil 3akon Kysona |5, .36,
c. 124] B ciydae 3JI€EKTPOCTATUKH MOXKeT OBITH MOJIYIeH U3
ypaBHeHuii MakcBesia He aBTOMaTHYecKH, a TOIbKO (!) mpm
JOTOJHUTEJIbHOM YCJIOBUH, UTO TOJIe HAIPABJIEHO 110 PATUYCY
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U 3aBHCHT TOJIBKO OT paccTosHud. [Ipu noxydennn snekTpocTa-
THYECKON SHEPIUM 3aPA/I0B U3 BbIPAYKEHUS JIJIsI SHEPIUU T10JIs
IpeJnoaraeTcs, YTo KOJIHIeCTBO 3apAI0B OTPAHUIEHO U COCpe-
JOTOYEHO B OrpaHuveHHON o6gacTu (1 (hbaKTHUeCKH yKe yuu-
THIBAETCsI 34KOH yObIBaHUS 110Jis1 HA OECKOHEYHOCTH | IIPU HHTE-
IpUPOBaHUM 110 GECKOHEUHO! moBepxXHOCTH). CHTYAIMIO ¢ MOJI-
HOIi sHepruedi mous [5, .37, ¢. 125] peasTuBUCTHI “BBIBEPHYIH
HAU3HAHKY: BMECTO TOT'0, 9TOOBI U3 pakTa 6€CKOHETHOCTH COO-
CTBEHHOMN HEPIrUU CJeJIaTh €CTeCTBEHHBIN, JOTMYHbBINA U OYeBU -
HBI{T BBIBOJ O HETOYEYHOCTH PEATbHBIX Y4aCTHUIl (M IPOTHBOPE-
qusoctr CTO), OHE OrpaHUYUBAIOT CAMY TIPUMEHHMOCTD JJI€K-
TPOJAMHAMUKK HA MAJIbIX PACCTOSHUSX. DTUM OHH “yOmparor”’
BCSKHE MONBITKA PEIIUTD BOPOC 00 JTeKTPOMArHUTHON JaCTH
MAacChl 3JeKTpoHa (Takzke mporuBopednsbiii B pamkax CTO u
Tpedytonuii eé ormensl). PopmasibHasi NEPEHOPMUPOBKa ¢ (u-
3UYECKOM TOYKH 3pEHUs He MOXKeT PelTUuTh 3Ty MpobJeMy, Tak
JKe, KaK M IPUHATOE Ha CEroJHY IIPOCTOE UCKJIIOYEHUE YJICHOB
¢ caMoBo3eiicTBueM. Benb Takume mpomeaypbl I MOTYYako-
Tiefics 3aBUCUMOCTH He BKJIIOYAIOT I KOHEYHbIE U3MEHEHUS,
[IPOUCXO/IATIIE C COOCTBEHHON dHEprueil B 3aBUCUMOCTH OT H3-
MeHeHUH OKpYyzKatoleil Kodurypamuu (Hampumep, 310 GbLIO
OBl AHAJIOTMYHO CUTYAIINH, KOTJA, TOMEIasd MA9uK B DapoKame-
Dy TIpH PA3HBIX JABJICHUAX, CIUTATH MOCTOSAHHON MOTEHIIHATh-
HYIO 9HEPTHIO €TI0 Pe3UHOBON 0O0JIOUKH HE3ABUCHMO OT CZKATHUS
win paznyBanns Maduka). “Haxoxmaenne” pajmyca 31eKTpOHA
C WCTIOJIBb30BAHUEM MPOTUBOPEUYMBLIX PEJTATHBUCTCKUX DOPMYIT
SIBJISIETCST HEITpOBePsieMOil 1 OecIto/Ie3HON CIeKyIAIuneii.

Brerauciienne 10Jisi paBHOMEDPHO IBHIKYIIETrOCs 3apsia ¢
roukn 3perust CTO B |5, 11.38, c¢. 128] npousBomuT yapydatoriee
BIIEUATIEHHE CBOUM (DOPMAIbHO-MATEMATHIECKAM TOIX0I0M H
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OTCYTCTBHEM KAKOI'O ObI TO HH OBLIO OObACHEHHS (PU3MKHU sAB-
stennd. [lo-Bugumomy, aBTop nazke modOs/ICd TPOU3HOCUTDH Ha-
yKooOpa3Hble 3aKJIMHAHWSA BBHJY HUX sBHOU yrieponoctu. a-
JKe C TOYKW 3DEHUs] MAaTeMATHKH He SICHO, 3adeM HaJ0 OBLIO
HCKATH MOTEHIMAJ B MOKOSIIEHCS CUCTEeMEe, eCJU HOTOM I0JIe
(eIMHCTBEHHAST peabHO U3MepHMasl TI0 JIeHCTBYIONIEH cuiie Be-
JUYUHA) WIYT CHAYajga B JIBHZKYIIEica cucTeMe, a 3aTeM HC-
OJIB3YIOT IIPeoOPA30BAHUS 115 IOJIsI U IEPEXOIAT B HEITOIBH K-
Hyto cuctemy. Kazamoch Obl, pa3 y»ke OblJ1 HallIeH MOTeHIInaJI B
HeHOILBH)KHOﬁ cucreMe B HYy2KHbIX KOOpJAuUHaTax, 110 HUM MO2K-
1o pouddepeHIupoBaTh U HAUTH 1oje. CaM pe3yJIbTaT TOXKe
HECKOJIbKO CTpaHeH: /| — 00 mpu v — ¢, TO €CTh €CJIN OJINH 3a-
PsLI MeJITIEHHO IIPOJIETAaeT BO3Je APYToro, To B MOMEHT IIPOJIéTa
Ha HEKOTOPOM PACCTOAHUU R, JeficTByIONas Cujia KOHeYHa, a
€CJTH TPOJIETAeT ¢ CyOCBETOBOI CKOPOCTHIO, TO CHJIA CTPEMUTH-
cs1 K GECKOHEYHOCTH (KOHETHO, TpaeKTopus Oyler 6e3 ocobeH-
HOCTH, TaK KaK OHA OIPEJEJUTCH “MHTErpabHON BEJIMIUHON
BO3JIEHCTBUSA CUIBI 32 MaJI0e BpeMs IPOJIETa, HO (PU3HIECKH ITO
VBeJIMYeHNe CUJIbI HEMOHATHO). Bupodem, dbusuku-reopeTuku
JAaBHO IIepecTaJid AazKe IIbITaTbCd 3aHUMATbCA CYTbhbIO HBJIGHHfI,
a CTAJIM MOJyMaTeMaTHKaMU, UHTEPECYIOIMMMUCS JIUIIb UIPOi
¢ “kproukamu’. Kazaaock Obl, €ciam Mbl IMEEM JIeJI0 C JIEKTPO-
MarHUTHBIMU CHJIAMH, PACITPOCTPAHSIIONIAMHUCI CO CKOPOCTBIO ¢
(mocrostHHOl B J11060H crcTeMe 0TCYéTa), TO Ha MepBOe TeJI0 B
oKositeiicsa cucreme Oyaer aeficrBoBarhb “00pa3” BTOPOTo TeJa
U3 TOM TOYKH TPACKTOPHUH, OTKY/JA K JTAHHOMY MOMEHTY JIOIILIO
BO3IefiCTBIE CO CKOPOCTHIO ¢. To ecTh, HATTpPUMED, /I JIBUIKE-

HUA BJOJb HPAMONR

R

R R =—""_
1-19)
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Ipu NPHOJIUZKEHUH Tesa U

R
R — PL/ = 1—1)
(1+2)
apu yﬂaHeHI/IH TeJ1a. HpI/IHHTaH ZKe He3aBUCUMOCTDb pe3yJIbTaTa
OT TOr0, COIMZKAIOTCA TeJIa WIH YAAISIOTCS, ABISACTCA CTPAHHON

¢ busnydeckoit TOYKU 3peHus.

B [9, .2, c. 16| Beramcsiercst He “IHeprus 37€KTPOCTATHIE-
CKOT'O II0JIA l‘[pOBO,H,HI/IKOBj77 a dHepIrud 1oJid BAaJI OT IIPOBOAHN-
KoB. HackoJIbKO MOXKHO 110 “KyCOUKY SHEPruu’ CYJIUTH 0060 BCEM
ABJIEHNH — GOJIBINOI BOMPOC (HAIIPUMEp, BHIOPOIIeHA SHEPrHs
BOJIU3U HOBEPXHOCTH — JHEPIUs CPOJICTBA 3aPAJ0B K HOBEPX-
HOCTH; TaK:Ke U3BECTHO, YTO HpHU OOJNBIMUX 3apsgax MPOBOJIA
MOT'YT B30PBaTbCs, T.€. BBIOPOIIEHBI MOHIEPOMOTOPHBIE CUJIBI
BHYTPH NPOBOJHHUKOB). [loaromy JsimHeiinbie csasu (koadbdu-
IMUEHTH EMKOCTH W JIEKTPOCTATHYIECKOTt HH;LyKLLI/H/I) OCTaIOTCS
IpuOIIZKEHHBIME (15t CIa0BIX HOJIelt). DTo ke 3aMedanue OT-
HOCHUTCS K 9HEPTWH IPOBOJIHUKA BO BHEITHEeM moJie. Kpome Toro,
TAKOe MOJIe TPEJICTABISIOT CO3TAaHHBIM 3aPsIIaMI HA OeCKOHEeH-
HOCTH, HO BeJIb MPU BBIBOJE (OPMYJIBI JJIsI SHEPTHH HCIOJIb-
30BaJIMCh TPAHUYHbIe ycjaoBusg Ha OGeckoneunoctu: ¢, E — 0.
TaK}Ke HEU3B€CTHO, MO2KHO JIX OAHOBPEMEHHO CHUTaTb CTPOIo
1 /I 3a3eMJIEHHBIX Tesl @ = 0, 1 Ha 66CKOHEYHOCTH (o, = 07

[Tpu paccmorpennu yHUTOISPHON wHAYKIMH B |9, 1.63, c.
326-328| Becbma crpanHO, 9TO 3DDEKT He OOBIACHIIOT € TOYKH
3pEHHUsT HEMOJBUKHOTO MPOBOAa (MEXaHU3M $SIBHO OTCYTCTBYET
! HO B 9TOM Jla’Ke He HBITAIOTCH YBHJIETH ocTapjienuoro [Ipu-
pojioit Bompoca). Bmecto uccsienoBanus Gusnuku spienns Gop-
MaJTbHO COBEPIMAIOT EPEX0/] B CUCTEMY, CBSI3AHHYIO C MATHITOM
(Torga mpoBOJ ABHZKETCSI B MAPHUTHOM moJie). [Ipu srom jgaxke
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He 3aMedaloT HedKBUBAJEHTHOCTb CUCTEM: IIepBOHAYAJIbHAA
cucreMa OblLIa MHEPIMAJILHOIN, a CHCTeMa MarHUTa — HEeHHep-
muaibHas (Bpamatomasics)! [Toaronka KpoIkos!

I/ITaK, TaKUe BaKHbI€ 9JICKTPOAUHAMUYCCKHUE ITOHATHA, KaK
9HEPIrud U CHJIa Ha IIPOBEPKY OKa3aJIUChb HE TaKHMHU V2K CTDPO-
I'mMu, I1ocjedoBaTe/JIbHBIMU W IMPaKTHYCCKUMHU, KaK OXKHIa-
JIOCH, HO CKOpPee aKaJeMUICCKUMHU UT'PpaMi ¢ MaTeMaTUIYeCKUMH

KPIOYKaMHU.



I'maBa 7

W3a1ydenue BoJH

PaccmorpuM emnmé ofwH BaKHBIM pas3jies COBpeMeHHON TeOpuH
3JIEKTPOMArHETU3MAa, CBSI3aHHBIN C W3Jy4deHUEeM BOJIH, U IIPO-
aHAJU3UPYEM €r0 Ha CTPOTOCTh.

Bunauasie @eiinman “jgoka3zbiBaer” 1paBiono00HO0, 9TO, BO-
IE€PBBIX, BOJHBI JIOJZKHBI OBITH IONMEPEYHBIMU, COBEPIIEHHO
IPOU3BOJILHO HCKJII0Yasd MNPOJOJLHYIO COCTABJILAONIYIO, U, BO-
BTOPBIX, BOJIHBI IPEJICTABUMBI KaK CYIIEPIIO3UIINS IIJIOCKIX BOJTH
[11, rmaBa 20, maparpad 1, c¢. 119]. A norom “Bapyr”’ oka3bi-
BaeTcst, YTO TO OBLJIO COBCEM He 00Ilee, a dacTHOE pelleHue,
TaK KaK ecThb emé chepudecKue pelleHuss U MHJIHHIPUICCKHEe
BoJIHBI. BoobIiie roBopsi, momobHble PAcCyzKIACHUS HE SBJISIOT-
¢ CTPOTHMHU MaTeMaTUYeCKH, TaK KakK o0Ilee pellleHHe BCerja
JIOJIZKHO BKJIIOYATb UCTOYHUKHU M 3aBHCETH OT UX F€OMETPHH.

B [11, rrasa 21, naparpad 2, ¢. 145] uckyccrBentno (qucto
MaTeMATHYeCKH) BBOJAT TOYEYHBIH HCTOYHHK, JazKe He 00CY K-
nasg PU3MUYECKH, YTO Ke ITO 3a JUKOBMHKa Takas. Hampuwmep,
JII BEKTOPHOTO IIOTCHIMAJIA IIPUILIOCH Obl BBOJUTDL IOHATHE

120
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TOYEYHOTO TOKA. A 4T0 910 Takoe? Eciu 310 nBHAKYyIIascs da-
crura (HeCymecTBYIONAas TOYeUHAas ), TO OHA He CTOUT B OJHOM
U TOM JKe MeCTe, a TlepeMelaeTcs: MmovIeMy »Ke TOTJIa HAMUCAHO
ypaBHEHNE B YaCTHBIX MPOM3BOIHBIX! A B aHAJIOTHIHOM HCTOU-
HUKE /IS CKAJIIPHOI'O [TOTEHIIMAJIa 3apsiji BPOje KaK CTOUT Ha
MecTe. PellleHne ke BOJTHOBOTO YPABHEHUs C TOYEYHBIM HCTOY-
HUKOM BCE DABHO Haii/leHO HeBepHO, Tak Kak ¢ = S(t —r/c)/r
TO>KJECTBEHHO V/IOBJIETBOPSET BOJHOBOMY YpaBHeHUIO Oe3
WCTOYHUKA Be3jie, B ToM 4ucje u B Hyse. [losromy dakru-
YeCKH B KHHUIE yTBEPK/IAETCs, 9TO yPaBHEHHUE JOJZKHO ObITH
0e3 HCTOYHUKA, & B HYyJIe ero BOBCE He HAJI0 CYUTATh C HCTOY-
HUKOM, & HYZKHO MPOCTO MPHPABHSATH MOTEHITHA/I MOTEHIIHATY
ncrounnka. Ho make B 3TOM caydae mpaBIoMog00HBIE PACCY K-
JIeHUd ONATH MAIOT cOOM, TaK KaK MPU MAJBIX I 3Ty (GOPMYITy
(qECMTeNb) MOXKHO YeCTHO PA3JIOZKUTD B PSIL 11O ' U MOJIY YUTh
mpesien:

S@) _ Si)

drr  4dmwe
Kyna ke BBIOpOIIEHBI TPOU3BOJIHLHBIE KOJIEDAHUS ITOTEHINAIA
€O BpeMeHeM, BeJb OHHM B o0meM ciaydae gaioT mnoas?! Ha m,
KPOMe TOT0, TTOJIYIUTh PEIIeHrne ¢ HCTOTHUKOM MOYKHO OBLITO OB

MHOYKECTBOM HHBIX CIIOCODOB, HAIIPUMEp, J00aBUTb @ = Py +
St?/(2¢*) wm —Sr3/6 u T.11.

Dopmyra (21.1) w3 [11, ¢. 142] (wm (28.3) u3 2, c. 39]) — 910
BCEro JINTIb TPUOINZKEHHOE pa3/ioxKenne B psj Teitysiopa moJs,
[OJIyYeHHOTO U3 ypaBHenuit Makcsesuia ¢ y4éTroM 3amnasjibiBa-
HHUs, Cpa3y BBHIOMpaeMoe B BHJE PACIHPOCTPAHSIONIEHCS BOJIHBI
(a BeZb MOXKHO BHIOHPATH U ApYyrHe Bubl perrennii). [loaromy
npuOINKEHHOE CpaBHEHHUE ¢ pellleHnsaMu ypaBHeHuit Makcpesi-
JIa, eCTEeCTBEHHO, TaéT Ipub/ImKEHHOE coBaaenne. Tax 4To 510
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He IpOBepKa/!

QeiiHMaH OYeHb JI0JIN0 IbITaeTcss 000CHOBATH CBOIO (DOPMY-
ay (em. (21.1) B [11, c. 142]) mag 97eKTPUIECKOrO TOJsT JBU-
Kyierocd 3apgia. [Ipu 3Tom oH paccMaTpuBaeT SKOOBI MejI-
JIeHHbIE HepeJITUBUCTCKUE IBUKEHUS W TO TpeHeOperaer 3a-
nasplBaHueM, To yauthiBaer ero [11, rmasa 21, maparpad 4,
c. 149|. B urore nojyqmsinch COBEPINEHHO HECTPOIUE DACCY K-
nenus. Yro o3Hauaer “MejJIeHHOe IBYKeHUe , €CJIH HaJlo CO-
MOCTAB/ISITh TIEPBBIE U BTOPBIE MPOu3BOIHbIE 10 Bpemenu! Ka-
KM 00pasom, BooOIre, npu auddepeHIupoOBaHuE 110 KOOPIU-
HaTe (YacTHasi TPOU3BOHAsT!) MOTJIA TIOSIBUTHCS OTOJTHUTE b
Hasg npou3BogHas 1m0 Bpemenu!! Beab 310 He moJsiHas mpoms-
Boznas! [lonyuenne ke nosst E gepes ponosautensuoe (1) uc-
KyCCTBEHHOE YCJIOBHE KaJUOPOBKH BMECTO MPAMBIX PacuéTOB
BBI3bIBAET HeJoyMeHHe. TakyKe HEMOHATHO TOYeMy, KOTJIa OH
Opas 9acTHYIO MPOU3BOIHYIO IO KOOPJAMHATE, JOMOJTHUTETIbHAS
MPOU3BO/HAS TI0 BPEMEHU TOSBUIACH, & KOTJa OH HHTEIPUPYeT
(obpaTHast mporeLypa) Mo BpeMeHH, ¢ KOOPJIMHATON HUYEero He
MPOUCXOUT. Bech BBIBOJ SIBHO MOTAXUBAET TOJATOHKON, U BCE
9TO TOJBKO JIJIT TOTO, YTOOBI KOHCTATUPOBATH, UTO PEIICHUS
OY€eHb MOXO02KU! JpyT Ha Jpyra. CoMHeHNe BBI3bIBAET TaKiKe
HETOYHOE COBIIaJeHne pe3ysbraTa ¢ 3akoHoMm buo-Casapa. Hro
CYUTATh B 9TOM CJIyYae YCTAHOBIEHHBIM IKCIePHUMEHTAJIbHBIM
dakrom? U uro nposepsiercs? Tlo-moemy, orBer st ¢pusnka
JIOJTI?KEeH OBITH OYeBUJICH.

[To yrBepxaenuio Jlangay 3sjgemMeHTaApHbIE YACTHUIIHI B TEO-
PUM OTHOCUTEJIBHOCTU U TEOPHUH TOJIS JIOJZKHBI PACCMATPUBATD-
¢ KaK TOYedHbIe. DTO, KOHEYHO K€, PEBBIIIeHIE IT0THOMOYHIA,
TakK KaK OIbIT UMeeT IPEPOTaTUBy nepe TpeboBaHusgAME JTI000i
Teopun (M yxK Tem Gosiee, GPEIOBOIl THIIOTE3BI OTHOCUTENBHO-
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cru). DeliHMAH YK€ YECTHO JIEJAeT MONBITKY BBIBECTH IOTEH-
muaJibl Jluenapa — Buxepra, paccmarpuBasi 3apsii pacupee-
aénubiM |11, rmasa 21, naparpad 5, c¢. 156]. Bee uaen 3mech
qncto Kaaccudeckue! Tloaromy ciemyroriee HECOOTBETCTBHE C
COBPEMEHHBIMH PEJISTUBUCTCKUMU B3IVISIAMU T[TOJIYIUTCSH, €C-
JIE MBI BCIIOMHHM, 4TO 00béM 3apsia cornacao CTO mosken
OBLJT YMEHDBITUTHCSA: Ky JIEJCA PEJATHBUCTCKAN MHOKHUTED!
Ecou ke e1é BCmOMHHUTD, 9TO T0JIe CO3TAETCI MMEHHO 3apsijIoM,
TO €CTh PACCTOSTHUE JIOJIZKHO OMPEILISITHCS OTHOCUTEHHO TBU-
JKYIIErocsi 3apsijia, a TaK KaK PACCTOSTHHE JI0 OOBEKTOB TOXKE
JIOJIZKHO COKPAIATHCs, TO MOJYUUTCS MOJHOE HECOOTBETCTBHE
COBPEMEHHON PeaTHBUCTCKON T€OpHUH ¢ ObITOM. TakuMm obpa-
30M, oTeHnIHANB! JIlnenapa — Buxepra MOryT uMeTh Takoil BbI-
Bozi, (PellHMAaHOBCKUIT) TOJBKO €Cid BepHa Kiaccuaeckas hu-
3uka 0e3 CTO. [Ing npuzkeHnst 3apsja ¢ HOCTOSHHON CKOPO-
croio |11, rmaBa 21, naparpad 6, c. 161] Takzke monydaercss B
BbIpazKeHnu 7151 norennuasta (dbopmyna 21.39) crpaHHblii MHO-
x®urenb 1/4/1 — v?/c?, KOTOpBI HE K YeMy He MOXKeT ObITh
OTHeCEH (HU K sIKOObI HHBADUAHTHOMY 3apsijly, HU K PaJuycy —
TaM yzKe eCTh CBOH MHOXKHUTENb). 10 eCTh MHOXKHUTENIb B3AT “U3
Bozyxa’, 6e3 (PUBHIECKUX NPUUYMH ¥ MEXaHH3MOB.

C Brekanmem sueprum |11, mraBa 27, maparpad 5, c. 291]
BHYTPb KOHJIeHCaTopa (cM. Puc. 2.5 HUXKe) BOSHUKAIOT “MajIeHb-
Kue” BOTIPOCHI. Y TBEPZKJIAeTCs, YTO IHeprusd Tedér K ocu. [Ipe-
cTaBuUM cebe, 9TO MBI MeHsIeM MOJIIPHOCTD MTOCTOSTHHO. BekTopa
E u B nomensiin 3HaK®, HO TOTOK BCE PABHO HANPABJIEH BHYTPD
K ocu (HampuMmep, TAKOe IPOUCXOAUIIO Obl Jazke 06e3 BHEITHUX
HCTOYHUKOB BOJIM3U HyJist TIPOCTO 3a c4eT duykryanuit!). Ecan
BHYTPU KOHJEHCATOPA BAKyyM, TO KyJa “‘ocemaer’ BCE BpeMs
TeKymias K OCH Heprusl U B 4éM 3TO BhipazkaeTcsa?! C oguHOY-
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Puc. 5: Dueprusa KonjaeHcaTopa.
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HBIM ITPOBOJIOM TOYKE €CTh BOIPOCHI. /IBUKeHre YacTHIl B TOIIX
He COIVIaCyeTcd ¢ IPUBOJAUMON CXeMOl HallpaB/IeHUA BEKTOPOB
E u B (BcmomuuMm 1ipo jpeiid). B pesyiabrare sHeprusi, nazxe
B TIPE/IITOJIOKEHUT BEPHOCTH BCeX (POPMYJI, HE BTEKaeT BHYTDb
[POBO/IA U3BHE, & MOTOK UMEET COCTABJISIONLYIO BJIOJIb ITPOBO-
Jla, KaK | IOJCKa3bIBaeT ‘TIPUMUTUBHAA UHTYHIUS . K TOMY 2Ke
HEMOHSITHO, 9TO Oy/JeT C BTeKaHWeM YHEPTHH MOJIs W3BHE, eCJIH
MBI 3a9KpaHUPYeM KOHIeHCATOp Wik mpoBoa! A 4aro Oyjer, ec-
JI TOKU 3apsizkerbi! Jla u MeToandecku, “pacTeKaHne SHEPTHH
OTJAJIEHHBIX 3aPs/I0B 110 IPOCTPAHCTBY U BTeKaHUue eé BHYTPb
- CTPAHHO JIJIsT HeUTPATbHBIX TOKOB. LIMpKysIdnusa sHEprun BO-
KPYT CTATHIECKON KOMIO3UIINN 3aPs/ia U MAarHUTa — OpeJl, Tak
KaK HeIOHATHO, B 4éM JKe 3Ta SHepTus MUpKyaupyer. Beas co-
raacHo (gkoObI 9KBUBaJeHTHOCTH Macchl u sHeprun) CTO sto
JIOJIZKHO OBITH JIBUKEHHE MACChI, IIPHYEM YCKOPeHHOe (IeHTDO-
GexkHOe yekopenue 1o okpyzkuoctTu)! Kyma ke Torga aeioch
u3JaydeHne (OmaTh CONIACHO COBPEMEHHBIM TEODETHIECKIM BO3-
3pernsiM)? TOTBKO UTO JKe B 3TOM CJIYUae MOYKET U3JIYUYATh, €C-
JIX MOKOAMUNCS MAarHUT W 3apsji He B3aUMOJEUCTBYIOT JIPYT C
apyrom? Nmmynbe moas |11, rnasa 27, naparpad 6, c. 296| Bse-
JIEH TOCTYJIATUBHO, U €CJTH BCe CKOPOCTU YACTHIL — Pa3HbIe TPO-
CTPAHCTBEHHBIE BEKTOPA, TO BO3HUKAET MHOXKECTBO BOIPOCOB,
B YACTHOCTH, U J7Id BBIBOJA DUHINTEHHA O BEIUUYUHE UMITYTIHCA
TOJIS.

O6cy:xenne Bompoca 06 MMIYJIbCe MO IBUKYIIET0CS 3a-
psima |11, rnasa 28, naparpad 2, c. 304] umeer orHOIIEHNE He
Kk [Ipupose, a K Kakoi-ToO 4acTHO# TE€OpUHU, TaKKe KakK u 00-
Cy KJIeHUE JIOJIN 3JEKTPOMArHUTHONR Macchl B obmieit macce. Bo-
npoc mpocT. VcubiThiBaeT Jin 3/IeKTPOH CTOJTKHOBEHUS C UCTHH-
HO HeUTpajJbHBIMU JacTurmamMu’! TOJBKO €CIM OH COBEPIIEeHHO
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¢ HUMH He CTAJIKUBAETCs (XOTS OINPEeJUTh ITO HEIPOCTO), TO
€ro MexaHmvYecKas Macca paBHa HYJII0, & BCS Macca UMeeT YHCTO
JIEKTPOMATHUTHYIO TPUPOLY. A VK BBIpAXKeHWe JIJIsi SHEPTUH
[11, riasa 28, maparpad 3, c. 306] uepes mc? — menporepsiemas
runoresa (nyzx#aas To1bK0 B CTO) 1 HOArOHTH 110/ 9TO BhIPa-
JKeHVe 3JeKTPOMArHUTHYIO, U TeM 0oJiee MeXaHHIeCKYI0 MacCy
(mm mHanpsizenus [lyankape or “Hen3BeCTHBIX CHJI) — TUIIOTe-
3a MYTHO# BoJIbI. BooO11e TOBOPSI, TpeOOBaHUS PEIATUBHCTCKOMN
MHBAPUAHTHOCTH COBEPITIEHHO HETTPABOMEPHBI W OIPAHUYNBAIOT
BO3MOYKHBIE BLIOODBI JIJIsl TEOPUU JIEKTPOMAIHETU3MA U TeOPHil
JIPYTUX HoJIeil (HampuMmep, siepHbIX ); CKOpee BCero, T Tpeo-
BaHUsI TIPOCTO WMCKJIIOYAKT U3 MOUCKA €INHCTBEHHO BEPHBIE B
[Ipupone pemenusi. Hy He uMeeT MHBAPUAHTHOCTH TOYEYHBIX
CBETOBBIX BCIIBIIIEK B BaKyyMe HH K YeMy JIPYTOMY OTHOIIIe-
HUsI, KDOME KaK TOJBKO K 3JIEKTPOMATHUTHBIM MOJISIM U TOJIHKO
B BakyyMme!

C »sHeprueil m3ay4eHUs] TOXKE CBIA3aHO HECKOJIBKO METOJIH-
9YeCKH HEMOHATHBIX MOMEHTOB |2, riasa 28, maparpad 2, c. 41;
riaasa 29, naparpad 2, c. 51|. Bo-nepBbix, ecim BBOIUTH HOHSI-
THE IIOTOKA YHEPIUH, TO KAK MOXKHO OTIAEJIbHO PACCMAaTPUBATD
3aBHCUMOCTH 110J1s1 OT 1/77 Besp BOM3M 3apsijia ecTh u Apyrie
“qacTu’” TOTrO Ke MOJsI, HO ¢ WHBIMU 3aBUCHUMOCTSIMHU. YK €CJIH
SHeprud moJd “oTolnta’ OT 3apsaia, TO Ky/Ia HCUe3HeT €€ KyCcoK?
Omsare “ocamer”, “mapactér”, Bo uro-Tto mnepeiinér? Beab ona
JIOJIZKHA COXPAHSATHCA NPHU JBUKEHUU B IycToTe. BO-BTOPBIX,
IPONOPINOHATLHOCTD SHEPIHH M0JId Bemanie F? dhakTudaeckn
B3sITa U3 KJIACCUYECKOW KUHETUYECKON SHepruu 1mpodHOro 3a-
pe1a, TPONOPIHOHATIBHO v? U MPOMOPIHOHATLHOCTH CKOPOCTH
Bestmante nossi. Ouako, 1) 3apsaj ABUKETCS He MIPOCTO B MOJIe
E. Ho u B mose B u 3aBucumocTn aBuKeHHS — 0OoJiee CII0XK-
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HbIe, 3aps/l He OyeT Jaxke KoyebaTbcsd OKOJI0 (PUKCHPOBAHHOM
TOYKN (HAIPUMED, B CpeJie MOXKeT CyIeCTBOBATH PE30OHAHC C
BOJTHOI ); 2) ToueMy MBI JOJZKHBI GpATh CKOPOCTH TPOOHBIX 3a-
psanoB vy = 07 DTo uro, abcosrroTHas cuctema koopauaar?! Ec-
Jin BbIOpaTh paciupejenenue f(vp), TO OUSITh BCe 3aBUCUMOCTH
YCJIOKHATCs. B-TpeTbux, BO3bMEM JIBa OJMHAKOBBIX MCTOIHU-
Ka IOJIS Ha HEKOTOPOM paccrosauu. Torma, B 3aBUCHAMOCTH OT
COOTHOIIEHUs pa3 U3AyUeHNs HA HEKOTOPOM PACCTOSHUU II0JIe
OKa3bIBaeTCsT HysIeBbIM. Ho BeJb mpu 3aKPBITOM OJHOM HCTOU-
HUKE ITOTOK SHEPIUU OT JPYTOro HCTOYHUKA ITPOXOIIIT Obl 4epes
9Ty To4UKy. Tak oTX0au/1a SHeprus OT HCTOYHUKA Wd HeT? KEcin
MIOTOK YHEPIUU TOJIST — CAMOCTOSTEHHAS CYIIHOCTD, MOT JIH OH
3HATH, YTO K 9TOH TOUKE JIETHT APYroe MmoJe OT WHOIO YIAJIEH-
HOro ucrounuka? Kak ke Torja jpa (II0Y4TH COHAIPABIEHHBIX )
HEHYJIEBBIX [TOTOKA YHEPTHH JAI0T HyJib! Boobie, npuHui cy-
MePHO3UINAN B HICHHOM IIaHe paboTaeT IPOTHB MOJIEBOrO MO/I-
XO7[a: OH MTOKA3BIBAET, 9TO MOJIe HE HE3ABUCUMO, a I TPOOHOTO
3apsa B JAHHOI TOYKe 3aBHCHT OT PACIOJIOKEHUS H B3aHMHOTO
JIBUZKEHHU ellé U JBYX UCTOYHUKOB. DTO ABHAS IOTEHIIAAIb-
Has dHeprus B3ammogelicTBud. Il nodemy oHa He MONKeT
3aBuceThb OT (t — t;)? 1, HakoHer, eciu SHePrus IBUZKYIIETOCs
3apsiia MOXKET “YXOAUTH , TO MOYeMy OH He MCcue3aer’

CTO orkazanace or 3dupa n cuuTaeT BaKyyM IIyCTOTON’;
KaK Ke TOTJIa MOKHO TOBOPUTH 00 UMIIeJaHce (COPOTHB/IEHHH )
BakyyMma [2, c. 105|, papaom 377 Om? [la moromy, 910 OH 06-
Hapy:xuBaercs, a Bor CTO — npocto anTazmm BoCTaIEHHOTO
yma. Ilpu Beraucjienun suepruu u3jiydeHust 3apsijia Mpu yCKO-
perun Qeituman xutpur [2, ¢. 106]: xorss B dbopmysny BxoguT
YCKOPEHWEe ¢ y9ETOM 3ama3/(bIBaHUs, OH TOBOPUT, YTO HeIpa-
BHJILHO CUHTATH, OyITO SHEPIrus ObLIa U3/IydeHa B TOT MOMEHT,
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1 [IO3TOMY HAJI0 BBIUUCISITH CPETHHIT 32 IepHoJL KBAIpaT YCKO-
penusi. Kak xe tax, Benp B CTO npu 06X (a B KIaccuke
[IPU JOCBETOBBIX) JIBUKEHUSAX UCTOUHUKA, €CTH BOJHA “OTJIeTe-
Jia” OT Hero, To OH e€ yyke He JOTOHUT W He W3MEHUT CBOero
BKJIJ[a B U3JIydeHue (110 BpeMeHH HpUIeneil B TO4Ky HabJIi0-
JIeHUsI BOJIHBI BCEI/Ia MOXKHO HA4epTHTh chepy, OTKYIa MOILJa
OHa JI0JIeTeTh B JAHHOE BPEMS JI0 JIAHHOTO MPUEMHHIKA).

Kak yke yKasblBaIOCh, MATEMATHIECKOE BBIPAYKEHWE [IJIsi
IJIOTHOCTH YHEPIUU 3AMUCAHO JIUIIH IIPUOINKEHHO, U PeaibHasT
BeJIMYMHA B 3aJJAaHHOW TOYKE MOXKET OTJIMYAThCS OT OOIIe-
npunaaToii 3anucu. [IpubimkEénnoil apiasgercd u obIENpUHATAS
3anuch g BekTopa llofiHTHHTa B 3amamHOil TOouke. Kpo-
Me TOTO, NPUOJHMKEHHO IIPOBEPUTH MOXKHO JIUIIb UHTErPa/ib-
HYIO BeJim4duHy, a judpepeHnraibHas BeJUIuHa MOXKET ObITh
M3MeHeHa Ha MPOU3BOJIBHYI0 BuXpeByio dbyukiumio (rot f), T.e.
B TOYKE BEKTOP ONPE/EIEH He OJHO3HAYHO. [loHATHE BEKTOpA
[oiinTunra |6, naparpad 92, c. 429] okasbiBaeTcst, MITKO TOBO-
ps, CTPAHHBIM B PsiJie CJIYYa€B:

1) JIyist MOCTOSIHHBIX HEMOJBUKHBIX 3aps0B U MATrHUTOB
MOYKHO “cIeJ1aTh’ MPOU3BOJIbHBII MOTOK SHEPTHH, JBUKYIIHIICS
[0 TeM WJIM WHBIM XapaKTePHBIM TPACKTOPUAM (HATpPHUMED, TI0
KPYT'Y) U KOTOPBIi HH B 96M KOHKDETHOM He IPOSBJISIETCSI;

2) Ijist npoBoJia PUXOAUTCS CIUTATD, YTO YHEPrHsl “BreKa-
e1r” m3 OKPYZKaloIIero MmpocTPaHCTBa 10 Pajauycy, a B obJacTu
2/1C — “yrekaer” HapyKy 1O PAJUyCy, HO HET MOTOKA YHEPTUH
BJIOJIb TIPOBOJIa OT BTOPO#i 06.1aC¢TH K MepBOi (KaK yKe OHA Ty
nonagaer?);

3) st pacpoCTpaHSIONIErocss CBeTa MOJ03PUTENIbHO, YTO
n3 ypasuenuit Makcsesia nojns E u H omHOBpemeHHO J10-
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CTHTAIOT U MAKCHMyMa U MUHHMYMa: KaK Ke OBbIThb C IIHPOKO
pacupocTpaHéHHONl B yueOHMKAX aHAJIOrMeH O Iepexojie dHep-
ruu u3 oaHoit bopmbl B apyryio? IloTok sHepruu mosydaercs
MEHSIIOIIMMCSI, & He MMOCTOSIHHBIM — 4TO, MOJydaeTcsd Oyaro Ob
HE UCTOYHMK (JAMIIOYKA) HOCTOSHHO M3JIy4aeT SHEPIUio, a OHA
CaMOIIPOU3BOJILHO TO TOsBJIsdeTcsd, TO ucdesaer? B Touke, rie
E =0 u H = 0 u BoBCe HET OTOKA SHEPIUN.

[Ipenmonoxkenne 0 TOM, YTO HMPU PACHPOCTPAHEHUH 3JJIEK-
TPOMArHHTHOTO TIOJISI CKBO3b CpeJly eé cBoiicTBa (&, i) He Me-
HSIOTCS BOBCE — JIMIIb TPUOJHKEHHBIE MOJIETbHBIE TTPE/ICTAB-
slennsi. Ha camom jiesie BoiHA cama cJierkKa MOJIYJIUDPYET CBO¥i-
CTBa CPeJibl, Yepe3 KOTopyio paciupocrpansercs. “O0bsacaenue”
C TOYKHW 3peHWs BeKTopa lloftHTWHTAa BOmpoca, moyemy mpH
ckuu-3ddekTe 3HEPrUd “He ycneBaeT NPOHUKHYTH BIJIyOb, Bbi-
[VISIIAT HAWMBHBIM. Beab Kak B MOCTOSHHOM, TaK W B MepeMeH-
HOM moJie Bcerga BekTop lloiiHTHHIra HampaBiIeH MO pPaJUycCy
u3 BHelrHeit 00/1acTu K IEHTPY, TO €CTh IHEePrus Bceraa “reuér”
B OJITHOM HAIIPABJIEHUN U CTOUJIO OBl OOBSCHUTH, TOYEMY Ke OHA
“oYTHU He JoTeKaeT J0 IeHTpPa MPOoBOA.

[Ipu BbrUmcIeHUH TOJsI ocuusuisstopa |6, maparpad 98,
c. 458| HaxoAAT “IPOMEKYTOUHYIO 30HY”, Tje MPHOJNKEHHOE
peleHne MOXKHO TpUMeHATb. Halo TOJIbKO yduecTh, UTO, BO-
[EPBBIX, Mbl 3apaHee MPeJIoJaraeM, u4To pemreHue (psij) €Xo-
JIATCSl M, BO-BTOPBIX, 4TO OTOpachiBaHUE MPUBOJANT K OTBETY,
OJIM3KOMY K HCTUHHOMY PEIIeHHIO TOJIBKO 10 HOPSAJIKY BeJUIH-
Hbl. Beerna nmosydaercss KOHEUHBIH JIONMYCK 1 (DYHKITMOHAb-
HOE€ 110BeJIeHIEe MOZKeT CYIIECTBEHHO OTJIMYaThCs OT HOBEIEHUs
pelleHust, BBIYUCJIEHHOTO 110 IIEPBLIM 4ieHaM psijia. B utore mo-
JKeT OKazaTbcsd, 9To JuddepeHinupoBanne 3Toil Tpub/ImKEHHON
dbyurnuy (HanpuMep, MPW HAJTWYUM BBICIIAX MAPMOHUK) J1aéT
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PYHKIMOHAIBHBIE 3aBUCUMOCTH CUJIBHO OTJIMYAIONIHAECS OT HC-
TUHHBIX. KOHEeYHO Ke, mose ocrnunigropa B [6, maparpad 99,
c. 466] — ne TouHOe, a UL TPUOIUIKEHHOE; €CTECTBEHHO, YTO
BCerga MOT'YyT CYIIeCTBOBaTh W HWJIA )\, AJId KOTOPBIX JaHHOE
pelleHne HePUMEHUMO (He Y/IOBJIETBODEHBI YCJIOBHsI, PH KO-
TOPBIX MOJYYAICsS OTBET), W JIJIs PA3JIOKEHHs 110 TApMOHUKAM
(Oypbe) TOkKE MOTYT CYIIECTBOBATH OTPAHUICHMUSI.

BriBojI ypaBHeHHil J/1s1 TI0CKUX BOJH [6, maparpad 100, c.
476| B TU3IEKTPUKE OMUPAETCs HA TOCTOSHCTBO € U [i, & TAKIKe
OTCYyTCTBHE p U j. B peambHocTn Benumumna p # const # 0,
HO €CTh OBICTPO OCHWLIMPYIOMAs (PYHKIWUA. AHAJIOTUIHO, B
30HE MIPOXOK/JIEHU JIy4a ] TOXKE eCTh OBICTPO OCIUJIIUPYIOIIAs
dyuknusd. la u perrenne ¢ oTHOBPEMEHHBIM JTIOCTUZKEHUEM MaK-
cumymoB oboumu BekTopamu E u H — ne Gosiee uem onna us
BO3MOXKHBIX Mojiesieii. Tak Jim 3T0 Ha caMoOM Jlesie JOJIKeH ycTa-
HaBJIUBATb OT/IEJbHBII SKCIIEPUMEHT.

Bce dusznueckue reopun — 3TO JIUML ‘coTOE”, DIAEKIOE OT-
pazkeHHe peasbHOCTH (He GoJiee yeM NPUOTHKEHHAS MOJIEJB ), 0
TeopuH JasbHOmelicTBI u OsnskomeiicTus |6, maparpad 109,
c. 5b31] — nmBe kpaiinocru. He cymectByer aBeTpakTHBIX “3a-
PAJIOB”, & e€CTh peaJibHble YacTHIbl, KOTOpbIe 00JIaJai0T Ompe-
JTeJIEHHBIMH KOHKPeTHBIMH cBoiicTBamu. [lostomy Papaneii-
Maxces1oBcKue “crymieHus JUHUR MPOCTO OTIAIAI0T, KAK Ma-
TeMaTnYecKue abCTpakiuu (He roBOPs YK€ O TOM, 9TO YHCTO
oJieBast KOHIICIIIHS TaK U He Pa3BUTA B OKOHYATEJILHOM BHJIE
U HE UCTOJIh3yeTcst). [lazke MeXaHuCTHIeCKHe TeOPUH He 3ampe-
1LaloT, LITO6I)I BO3MYIIECHUA MOIJVIA PACIHPOCTPAaHATHCA C KOHEY-
HOIl ckopocTbio. I1oka GoJtee mpakTaIHO# OKazaach rHOpUIHAS
Teopud, Ja U OIIBIT IIOKAa3bIBaCT, YTO ITOJId CyHIeCTBYIOT TOJILKO
[IPU HATMYWH 3apSAI0B WJIM/H TOKOB (TO €CTh MATepPHATbHBIX
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nocuresieit). Cama 3amUCh 3aBUCAMOCTH TOJTBKO OT BEJIHYHH B
MOMEHT ¢ eIlié He MOBOPHT O MTHOBEHHOCTH TIporecca. Beerma
MOKHO “oTdoHApHYI0 KpUBYIO” (1) (TO €CTh 3aBUCAIILYIO OT
HMPOM3BOJIBHBIX [IPOU3BO/IHBIX ) TIPEICTABUTE DEIIEHNEM HEKO-
TOPOr0 YpaBHEHUS

mi(t) = F(t),

1 BCErJa MOYKHO BBECTH OIPEJeJeHUs U epeobo3HAYeH ST
F(t) =Fi(t,r) = Fy(t,r,v) =

= Fs(t,r(t),v(t),...,1(t),...) = Fy(t — to),

U HU OJIHA U3 3amuceil cama 1o cebe He FOBOPHUT HHU O JAJbHO-
,ZLGI'?'ICTBI/II/I, HK O MI'HOBEHHOCTH, HU O 3alla3AbIBaHNH. ﬂa n BCE
ypaBHeHUsl (1 HHTerpabHble U TudbepeHInATBHBIE B TaCTHBIX
[IPOU3BOJIHBIX ) MMEIOT OJIHY U Ty 7Ke SKCIIEePUMEHTAILHYIO 6a3y,
U, 3HAYUT, CTEIIeHb UX OOIIHOCTH OJJMHAKOBA (/[a U B HEKOTOPHIX
CJAyYasgX OHU elé “HarpyKaloTcs’ JIONOJTHUTEJTbHBIMU YCJIOBH-
avu!). Bee coKHOCTH ¢ BOIPOCOM O JIOKAJH3AIMN SHEPIHH
CTATHYECKHUX MOJIEHl 0CTAIOTCs MpeKHUMH. Bompoc ompeese-
HUA TOYHOT'O BBIDpAK€HUA JJid IHEPTrUun U UMITYJIbCa TMOJId JIJId

ObICTPOIIEPEMEHHBIX 110JIEHl TOXKEe HEO[HO3HAUYEH.

B [8, 11.83, c. 355] 371€KTpOMATHUTHBIE BOJTHBI “O0bACHSIOT-
cst’ Ha MpHUMepe IBHKeHns OeCKOHEYHOH IJIOCKOCTH ¢ (DUKCHPO-
BaHHBIMHU Ha Heill 3apsgamu (nosxyuaercs E L B). B cayuae xe
KOHEIHOrO OObEKTa B3aHMHOE PACIOIOKEHHe CHJIOBBIX JIMHHIA
YCJIOKHSAETCsI, TaK Kak JuHuu E - pacxogdmiumecss mpsiMbie, a
Junun B 1o/ Hb ObITh 3aMKHY T (OBasibHAst hopMa 1Ipu yBe-
JUIUBAIOIIEMCS ¢ PACCTOSHIEM pacTszkerun). CTpaHHO TaKKe
BRILIAINT cooTHOMmenue c£? = pH?, To ecTh B 1000 MOMEHT
9JeKTpHUIecKasl SHepTrusd paBHA MACHUTHON sHeprum. Pedun He
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IIET O CpeHUX 3HaYeHHAX! A IMEHHO — O MIHOBEHHBIX 3Hade-
HUSX (4TO MPOTHBODEYUT caMoMy TmoHsaTHIO BOJH)! Takum 06-
pa3oM, O/THA SHePTHUs He MePeXOTUT MOCIeT0BATETHHO B IPYTYIO
(KaK 3TO UMEJIO MECTO ¢ KUHETUYECKON W MOTEHIINAJILHON dHED-
IHSIMU B BOJIHAX ), HO B KaKO-TO MOMEHT — MAaKCHMAJIbHA, a B
KaKOW-TO MOMEHT — HyJeBad. Il B 3TUX pacmpocTpaHSIONINX-
¢ TOYKaX OHA Bcerga ocTaércst HysaeBoil. CrpammBaeTcs, ecin
B OJIHO TOYKe BCe SHepruu (U 10Jisl) OOHYJIUIHCH, TO, KAK JKe
OHM MOTYT “BOCKPECHYTH W3 HU4ero’ B cocemHeii Touxe? Tyt
HOJIEBBIM TIOJXOJIOM BOBCe “He maxuer” (a CKopee IOXOkKe Ha
OOBIYHbBIE YACTHUIIBI)!

Cusyxun nHanajgaer [8, n.85, ¢. 370] na cucremy CI, Ko-
TOPYIO 3a/10JIT0 JI0 TEOPETHKOB BBIODATH MPAKTUKU (IKCIEPH-
MEHTATOpbl, WHKeHepbl u Jp.). 3ameruMm, 9ro CI'C u MKC
HUYEM [MPUHIUIHAILHO (¢ TOYKH 3peHust BDU3UKH) OT Heé He
oranyaiorcs. Ypapaenns Makcsesta B CU BeiisagT mporie,
HO PEJISITUBUCTBI HE MOTYT CMUPHUTBLCS € OTCYTCTBHEM OYKOB-
ku “c” B ypaBHenusx. /lasee CUBYXHH JIMXO PaCIOpsSKaeTCsd,
ITO B YPABHEHUSIX AKOOBI OMYCKAETCsl, KAKUE W3 BEJININH HMe-
IOT CMBICJI, 8 KaKHe — HeT, HO BCE 9TO OCTAETCs ITIOKA BOIPOCOM
BepHl (HA CaMOM Jiesie, BCe BBeIEHHBIE BeJHINHbBI HCKYCCTBEHHO
BBEJIEHBI [IJIsT MOJEIBHOTO OMMCAHNUS W HU OJIHA U3 HUX HE H3Me-
psieTcst IpsiMoO, 6e3 uHTepuperanuii Teopun). [IoITOMY HUKAKAX
(1) npuannmmanpabx Hemocrarkos CI npocto He cymecTByer!
Oroxnectsienne Benund E v D, B n H B Bakyyme — 310 Bepa
CuByxuHa (IUCIEHHOE COBIAJIEHNE TPH KAKUX-TO KOHKPETHBIX
YCJIOBUSIX HUKOTJIA eIl¢ He TapaHTHPOBAJIO TOXKIECTBEHHOCTD
nousituit!). Beé 910 HUKaK He OTMeHsieT eJMHCTBO JTeKTPOMAr-
HATHOTO 101 B cucteme CH. He nckimroueHo Takzke, 970 MOYKHO
(¢ apyruM HAGOPOM BEJTMUYHH) MO-HHOMY OIUCHIBATEH 3JIEKTPO-
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MarauTubie B3auMojeiicteusg. Kpome Toro, cucrema CH mos-
BOJISI€T BBOJAUTH U3MEHEHHS B 3aKOHBI, B CJIydae OOHapyzKeHus
TaKOH HeOOXOIUMOCTH B S9KCIIEPUMEHTAX (TaK KaK B Heil 3aJ107Ke-
HBI ¥ MEXaHU3MBbI siBJIeHHIT ), a [ayccoBa cncrema — yike KECTKO
3aJlaHHasi (CHCTeMa aKCHOM BEpbI), W BCE IOCIIEYIONee MOKET
“HajcrpanBarbes’ TOabKO ad hoc.

Buj, B koropom uiniercs BekTop D 1pu onucanum usiyde-
Hust aunosts Lepua [8, m.141, ¢. 627, BoiGpan uckyccrBeHHo: 1)
OH OI'PAHUYEH BCErO TPEeMs TUIAMHU 3aBUCHUMOCTH — OT P, P H
D; 2) mpejmoaaraeTcs, 9To peleHne BCera MOXKHO Pa3JIOKUTh
[0 COCTABJISIIONIAM P ¥ T'; 3) KOIJIa OTPAHNIMBAIOT BO3MOYKHbIE
3aBUCUMOCTH OT I', TO HPEANOJIATaeTCs, 9T0 OTCYTCTBYIOT Pa3-
MepHOCTHBIe nocTostHEbBIE ([ro], [po] ¥ Ap.), a 910 MOkKeT GBITH
u He Tak; 4) npeamonaraercd, 9to Hukakux LY. win H.Y. He
CymecTByeT (TOUeYHOCTD JUIOJST TOKe 9TO mpemosaraet!); 5)
BBEJIEHUe 3aBUCHMOCTH OT t' =t — r /v XOTd U TOHSITHO B 00b-
SICHUTETbHOM IIJIaHe, HO B MPAKTUYIECKOM ILJIAHE TTPEIII0/1araer
SHAHWE BCEX 3AKOHOB JIBUYKEHHUs TeJl (TO eCTh PellleHne H ITOH
JOMOJHUTEIBHOM 3a/a41), 910 Hey100H0. [{1g ssekTpomar-
HUTHBIX BOJH CTPAHHO, UTO CeTKA U3 MPOBOJIOK [8, m.142, ¢. 640)|
MOZKeT CHJIBHO TPENsTCTBOBATH MPOXOKICHUIO BOJIH (Ka3a10Ch
Obl, 3aTyXaHue JIOJZKHO 3aBUCETH OT OTHONICHUS TJIOIIA/ U, ‘3a-
KPBITOH” MPOBOJIOKO#, K 00IIell miomaan). Bo3aMoxKHO, HHOe
06bsiCHEHNE MOTJIO Obl 3aBHCETHh OT MeXaHHW3Ma Tpeodpa3oBa-
HUA MAarHATHON COCTABJISIONIEH IOJIS.

Mg cucrembr Jlexepa B [8, m.143, c. 642] 6e3 ucnosnb3oBa-
Hust cucremMbl ypasHenuit Makesesuia (1) nostydaercst Konednasi
CKOPOCTh PaclpoCTPaHeHus BOJIH. 1 COBEPIIEHHO HEBAXKHO, YTO
9TO — PaCHpPOCTpaHeHne “COCTOSHUS dJeKTpu3anun’ (Uan Ha-
IPSZKEeHUsI, TOKA), MPOCTO B JOMAKCBEIOBCKOI (bU3HMKe BOBCE
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He BBOJIJIOCH MOHSTHE MOJIs (/14 U BCE PABHO O BBEJIEHHOM IIO-
Jle MPUXOAUTCSA CYJAUTHb TOJBKO IO TEM K€ CaAMBIM €ro Peasib-
HBIM BO3/eiicTBusIM!). A J/Isl KOAKCHAJIBHBIX [HJITHIPUIECKAX
MIPOBOOB TOJIYYAETCS TTPUBBITHAS CKOPOCTH PACIPOCTPAHEHNS
BOJIH B ¢BODOiHOM 11pocTpaHcTBe. I BechbMa 3a0aBHO BBITVISLIAT
“usBuHeHune”, 9TO 6€3 UCTOIB30BAHUS “TPUHITUITHAIBHBIX (J1J1s
dbusuKN MexaHu3Ma pacIpOCTPAHEHHsI) TOKOB CMEIeHUs Oy~
JaeTcs TOT Ke CAMBIf pe3ybTar.

[Ipu BBIBOJIE (bOPMYJI JIjIst IIOTHOCTU U TIOTOKA SHEPIUU aB-
Top [5, m.31, ¢. 107| 1OBOJIBHO BaJIbsIZKHO MEHSIET JIPYT € IPYTOM
COBEPIIEHHO pa3Hbie BuIbI Auddpepeniuaion

d 0

dt ot
(kyza eMy BBITOHO). KpoMe TOro, pu pacCMOTPEHHHU TOJIsT B
9JEKTPOIMHAMUKE YaCTO PACCMATPUBAIOTCS ILIOCKHE JIEKTPO-
MaTHUTHBIE BOJIHBL. A B 3TOM ciydae (6eCKOHEYHBIX TAPMOHU-
JecKuX KosiebaHuil) MOTOK SHEpruu jaze He yObiBaeT Ha Oec-
KOHEYHOCTH (a B 00IIeM CjIydae MHTEerpaJl no Jiobo# orpanu-
YUBAIONIEH TTOBEPXHOCTH BCEIVIA JAET CYMMAPHYIO HEPTHIO OT
YXOJIAIINX BOJIH, He paBHYIO Hys10). [Tosromy B 0biem ciayvae
dopmyabl, “BeIOpachiBaionne” HHTErPAIbHBIE WIEHB Ha DECKO-
HEYHOCTH, B IPUHIUINUATHHOM IJIaHE HEBEPHBI (& B JIydlIeM
cJlydae BepHBI JIHITh TPUOIHKEHHO).

[Tpr MCHOML30BAHUM MYJIBTHIIOJBHBIX MOMEHTOB B Pa3Jio-
KEHUAX (PUBMIECKUX BEJUIMH OObIYHO OIPAHUYMBAIOTCH HEKO-
TOPBIM KOHEYHBIM YHCJIOM MOMEHTOB. IIpH 3TOM B COBpeMeH-
HOIT 37ekTpouHaMuKe |5, .41, ¢. 135] orpannamuBatoTCsS TOTH-
KO pasJioyKeHneM (HJIM CPDABHEHUEM) MO PaJIUaIbHON 3aBUCHMO-
CTH, a Ha BIWSHAU YIJIOBOH 3aBUCHMOCTHM HE AKIEHTHPYETCH
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pauManue. Hanpumep, maxe mpu » e, = 0 u d # 0 pasio-
JKeHIe He MOKeT OBITh OTPAHUYEHO JUIOJIbHBIM MOMEHTOM JIJIs1
yrtoB BOsm3n /2, tak kak Torma dRy — 0, u majgo yumToi-
BaTh caeyonmit (1) dien pasnoxkenus. AHATOTUYIHO, I CHIT
1 SHEPIuil ecTh IPeae/ibl IPUMEHUMOCTH IOy YeHHBIX ITPUOJIH-
JKEHHBIX BBIPayKEeHHUH 110 YIUIY, U BBIBOJBI NPH HCIIOJb30BAHHH
MOJOOHBIX BBIPAYKEHUI CTAHOBATCS OUPAHUYIEHHBIMHE.

Crpanno, 9T0 npu “penreHuN’ PA3HBIX 33T YACTO HATA-
rafoTCsi Pa3HbIe JIONOJHUTEIbHBIE NCKYCCTBEHHBIE YCJIOBHS HA
noteHnuast. Tak, IpU HOJYYEHHH BOJHOBOTO YPaBHEHUs (JI7Is1
TPEXMEpHOTo ciaydasi) nosarator ¢ = 0, divA = 0, a moTom BbI-
DIASIAT KOMUYHO, KOTJIa Hac “yropapubaior” [5, m.46, c. 148§],
OyATO B 4YeTBIPEXMEDHOM BHUJe Jydlle Bcero JIopeHrmesa Ka-
JuOpoBKa (TaK Kak | MHBApMAHTHA), XOTsl BUJHO, YTO OHA He
IPUBOJUT K O/iHO3HAaYHOMY perennio! Emié 6ostee mogo3putesin-
HO, 9TO ypaBHeHus MakcBe/i/1a, BBIBEIEHHBIE C UCIIOIb30BAHIEM
cBOiicTBA YOBIBAHUS TOJIsI HA DECKOHEYHOCTH, TBITAIOTCH MPSIMO
OPUMEHATH K HeyObIBaomuM | Ha OGECKOHEYHOCTH IOJISIM, Ha-
IpuMep, K II0CKUM BoJtHAM |5, .47, ¢. 150| (numryT u3 ypashe-
Huit MakcBesLta moJisl, MOTEHIUATIBI, IJIOTHOCTh YHEPTHH, BEK-
top [MoitaTnHara) nim K 6eCKOHETHBIM KOHCTPYKIMSAM (TIJIOCKO-
creif, IIOCKUX WM MUIMHIPUICCKAX KOHJACHCATOPOB W T.IL.).
Takzke MpH BBIYUCTEHUH “COOCTBEHHBIX Kosebanuit moss” |5,
.52, ¢. 170 mcmonb3yrorcss ypaBHeHUs, paHee BbIBOIMBIIIHE-
cs ¢ WCMOJTb30BaHUEM YCJIOBUH Ha OecKoHewHOCTH. Kpome Toro,
MPUMEHSIETCST BOJTHOBOE ypaBHeHWe. A 4yTh paHee Mpu pasJjo-
JKEHUHU JIEKTPOCTATHIECKOro 11014 |5, 11.51, ¢. 169] morenunasist
He YIOBJETBOPSIN 9TOMY YPAaBHEHHIO: MTOJIYYaeTCsd, YTO XOTHM,
TO W BHIOUpaeM (moArIsHYB B orBer?). Takas XKe cuUTyalus ¢
IPAHUYHBIMU YCJIOBASME (CTOSIIAST WK GEryIasi BOJIHA) — 9TO
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XOTHUM, TO U mojay4duM. Jla m cama mesb BBEJIEHHS ITOTO pas-
JIO2KEHH A HEIMOHATHa: JJId OIIpeAe/JIeHuA CUJIOBOTO BOS,ZLGI'?'ICTBI/IH
(eIMHCTBEHHO U3MEPUMOT0) B HEKOTOPOIl TOUKe, HAJI0 3HATH O~
Jie B 9TOH TOYKe, HO B IIPE/JIOKEHHOM PA3JI0KeHUN HAJI0 3HATDH
HeckoneuHoe 4ucI0 KodbGUIuenToB (M 3apaHee HEH3BECTHO,
MOYKHO JI OTPAHUIUTHCSI KOHEYHBIM UX YHCJIOM M KAKHM ).

[Ipu BHIBOZE TOTeHNHATOB JlneHnapa-Buxepra [5, 1m.63, c.
215] mcxomsiT U3 BephHI B MYCTOE MPOCTPAHCTBO (IPUHIIATT OTHO-
CHTEJIbHOCTH): PH BBIOOPE MOTEHIUAIOB OTHOCHTEIBHO CAMOM
qacTuipl. /lajgee, mcrosp3yercsa Bepa B TO, 9TO IOTEHIMAJIBI
JIOJIZKHBI COCTAB/ISITH 4-BEKTOP. 3aTeM, HE JTOKA3bIBAETCS, UTO
Cpely YIOBIETBOPSIONINX Mepexoay K ciaydaio v = () BeIOpaH-
HbBIl BUJ — €JMHCTBEHHBIH (HAa caAMOM Jlejie UX MOXKHO BBECTH
CKOJIBKO YTOZHO). PerieHne Toke BBI3BIBAET BOMPOCHI: CYIIe-
CTBYeT 9JICH, TPONOpIMOHaIbHbI He 1/R?, a 1/ R, To ecTh Me/I-
JIEHHO yOBIBAIONTHI HAa GECKOHEYHOCTH (CJIeI0BATEBHO, BUHO
HecoOTI0/IeHe YCJIOBHI YOBIBaHUS HA OECKOHEYHOCTH TEM IIPeI-
IIOJIOXKEHUSIM, IIPH KOTOPBIX BBIBEJIEHBI OCHOBHBIE YpaBHEHHSI
sjekTpoguHaMukn); nose E (To ecth cmia) crpemures K Gec-
KoHneunoctd npu R||v u v — ¢; BuaHO, uro nipu v = 0 mose He
[EePeXOJUT B T10JIe DABHOMEPHO JBHIKYIIErocs 3apsija (Hampu-
Mep, F;, — 0 mpu v — ¢, B TO BpeMsl KaK JIJIsT PABHOMEDHOTO
nBizKeHust uveeM F| — 00). IIpu crieKTpaabHOM pas3ioKeHUuH
3ara3/IblBaoNnX MoTeHuanos |5, m.64, ¢. 218| nenmonsarHo, 3a-
4eM WCKATh BHAUYaJe MOTEHIMAIBl U3 p 1 j (mar Hazajm), ecim
MOXKHO ¢pa3y ObLI0 nckarh camu moJst. [Tpu pasnoxenusx (Ha-
upumep, B dynknuun Jlarpanxka |5, .65, c. 221] no v/c) peun
JOJIZKHA WJITH He 00 OJMHAKOBBIX CTENEeHsIX v/¢C OT CJIaraeMbiX,
a 00 OIMHAKOBBIX CYMMAaPHBIX BEJINYNHAX OT PA3HBIX CJiara-
eMbIX. Hampumep, BeencTBrue HaIudusl YIJIOBOH 3aBUCHMOCTH,
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Haao0 6y,ZLeT HCIIOJIBb30BaTh pPa3Hble Pa3JIOXKEeHHd - B 3aBUCHMO-
CTH OT YIJIOB.

[To cyTu, BBeIeHUEM TOTEHIMAIOB B COBPEMEHHOI 3JIEKTPO-
JMHAMEKe (M ypaBHEHWil JUIS HUX BMECTO YDaBHEHHUil 110Jis)
MBI TIOBBITIAEM MOPs 0K AuddbepeHInaIbHbIX ypaBHeHuit. Kcin
HOAXOJAMTH CTPOrO, TO B TOMH Ke Mepe Haj0 J00aBUTH JOMOIHY-
TeJIbHBbIE HAYATbHBIE U/WJINM IPaHUYHBIE yeaoBus. Hamoxkenmne
KaJIMOPOBOK WJIM WHBIX JIOTNOJHUTEIHHBIX YCIOBUN W TOAPA3Y-
MeBaeT MoJ00HYI0 IIPOLE/LYPY, TOJBKO €€ POJIb HE SICHA JI0 KOH-
Ia: COXPAHsIETCsl JIM €IMHCTBEHHOCTh PEIIeHUsT U €r0 COOTBeT-
crBue (pusmKe 332491, KOTJa BMECTO Y6TKO MPOBEPAEMBIX CThI-
KOBOK C 9KCIIeDUMEHTAJIbHBIME JAHHBIMU Ha IPAHUIE BBOISATCS
3aBUCUMOCTH MPOCTO U3 KAKUX-TO (POPMAIBbHBIX COOOpazKeHHi
(ypaBuenwuit). O6pamaer Ha cebsi BHUMaHHe, 9TO JaxKe B OJHO-
TUMHBIX 3a/a4ax (6e3 cuenuduKu rpaHycIoBuil nin KOHUry-
palnm) 9acTo BBOAATCSA Pa3HbIE MOMOJTHUTEIbHbIE YCIOBUS: Ha-
IpUMep, JJIsT TIOJIst CHCTeMbI 3apsiIoB Ha JAJEKHX PACCTOSTHUSIX
|5, .66, c. 227| u 115 MIOCKUX BOJTH (MHAYE YIJIOBBIE 3aBUCHMO-
cru OyyT pasnudarhes). TakuM 00pasoM, TeopHsi sIBHO MMeeT
HeaJITOpUTMUYecKuit xapakrep. /laree, mpu comocTaBieHuE ¢
9KCIIEPUMEHTOM HaJI0 yIECTh, YTO OTACJAbHBIC aKThl U3/IyYeHUA
IPAKTUICCKH HE BOCIPUHUMAIOTCS, a JIETeKTHPYIOTCS TOJBKO
CTATUCTHYECKUE XAaPAKTEPUCTUKU HM3JIYUeHHs] MPU CTOJKHOBE-
HUSX TTOTOKA dacTul |5, n.68, ¢. 235]. Ilpu naxox aennn npubim-
JKEHHBIX BBIDayKeHUI [1/1sT H3JTyYeHnst (DAKTUIECKH HE YIUThIBA-
ercs yrioBast (He cdeprudeckas) 3aBUCHMOCTh U3y YeHusl (pa3-
JAraloT TOJIbKO 110 R), CJIe/I0BATEIbHO, IS HEKOTOPBIX YIVIOB
perienne He crnpaBeuBo. CTpaHHO, YTO OPU €1/my = ey/my
uzaydenue orcyrersyer [5, m.70, ¢. 240]. Ho Beap nosurponuii B
UTOTe peBpaiiaercs B jiBa (3) y-kBanta? A, ¢ IpyToil CTOPOHBI,
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ATOMBI HE M3JIy9atoT (XOTs JJisi HUX JAHHOE YCJIOBHE He BBIIOJI-
HeHo). Takum 06pa3oM, BpsiJl JIH MOYKHO COLJIACHTBCS, 9TO CO-
BpeMeHHas 3JIeKTPOJNHAMIKA a/IeKBATHO OMUCHIBAET MPOIIECCHI
U3Ay4YeHU .

B [5, ¢. 242-254] nonyuator dhopmysibl aist 3dhdekTuBHOrO
(o cyTn, cyMMapHOro) u3Jydenns (M WHTEHCHBHOCTH ), TPaBIa
HE JI0 KOHIA HOHSTEH UX CMbICJI: 9TO HE U3J1y YeHUe UCXOAAIIee
OT cucTeMbl (Tak Kak BOJIM3H IOJIe IPYTOe); €r0 pacipe/ieJeHne
o yriaam OyJer pasjndarbCd OT YIJIOBOTO PACHPEICJCHUs 1
BOJIN3H CHCTEMBI, I BIAIA OT HEE, CIeI0BATENIBHO, HHTEIPAIb-
Has BEJMYMHA SABJSICTCS HECTPOTOil; HENMOHSTHO, KaK 3TO M3-
JIy9eHHe SKCIEPUMEHTAILHO BepubUIMpoOBaTh (€M OHO He B
TOYKe, TJe MPUEMHUK, a “pasMasano’): GeraTh ¢ “caukom” Ha
GOJBIINX PACCTOAHUAX OT CHCTEMBI, JOBUThH BCE BOJIHBI M HHTE-
rpuposaTh? 11 He OyaeT 11 KOHKPETHBIH MeXaHU3M B3aMMOeii-
CTBUS € IPUEMHUKOM BJIUATH HA M3MEPEHHYIO BeJIHYUHYy !

[Ipr momydeHun BBIpaXKeHHUS 171 U3JIYyUYeHHs OBICTPO IBH-
Kyterocst 3apsaia B [5, .73, ¢. 256] ucnosp3yercsa mepexon
OT CJIydasi MOKOSIIEHCsT J9acTUIlbl, YTO MOZXKHO CJIeJIaTh TOJIb-
KO JIJIsI OJIMHOKOIl 9acTUIbl (TO €CTh 9TO TEOpHUs JIBYX TeJT —
qacTHIbl 1 HaboaaTess ). [locryaupyercs, 9ro Hajo mepenu-
caTh BBIPAsKEHUE B YETHIPEXMEPHOM BHUje (OUsITh CIenas Bepa
B CTO) 1 9T06bl ObLI IpENENbHBIN MEPexXo K CIyYal MOKOs-
mieiicst gactunsl. Ho u3 Takoro cocrosnust (TOYKE) BO3ZMOZXKHO
IpOBECTH OECKOHeYHOe YHCI0 3aBucuMocTeil. TakuMm obpasom,
HET JI0KA3aTe/IhCTBA €JIMHCTBEHHOCTH PEITIEHNsT U TOTO, YTO OHO
orseuaer [Ipupoge. Obpamaer na cebss BHUMaHUE, 9TO HOJIY-
YeHHBble CKAJISPHBbIE BBIPAYKEHHS JJId MHTEHCHBHOCTH H3JIyde-
HUs U TOJTHOTO U3/Iy9eHHsS B 3JIEMEHT Te1eCcHOro yriaa do comep-
JKaT CJMIIKOM MHOTO nepemenubix: v, v, R, ¢, E, H. 910 o3na-
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YaeT, 4TO 3/IeCh PACCMATPUBACTC JIBHXKEHHE 3apsija, 3aJ1aH-
noe “Bpyunyio’. Hanpumep, mpu camMoCorjiacOBaHHOM PeIeHUuN
VDABHEHUH COBPEMEHHOI 9JIEKTPOJIHHAMUKH (J1azKe B 38/ TaHHBIX
HOJISTX ) HeJIb3s1 3apaHee 3a/1aTh, 9TO CKOPOCTh BCETa MePITeH 1~
KyJIsIpDHA YCKOPEHUIO — BCJIEJACTBHE U3/Iy4Y€HUs BOJIH U IOTEPb
SHEPIUU TAKOE B3ANMHOE PACIOJIOKEHNE MOKET OCYIIECTBUTHCS
JIATIb B OT/IE/IBHBIT MOMEHT BpeMeHU. AHAJTOTHIHOE 3aMeTaHue
KACAETCS CaMO¥ MOCTAHOBKHU 33Ja4H IIPYW BBEJICHUU HOHITHUS O
“MarHuTHO-TOpMO3HOM” m3aydennu |5, m.74, c¢. 261]: HecmoTps
HA U3/IyYEeHHEe, JACTUIA MPOIOJKAET JIBUIATHCS 110 OKPYKHO-
¢ (TO eCTh 3TO JIBUKEHHUE C MOCTOSTHHBIM BHEITHUM [TPUTOKOM
SHEPIUH, KOTOpast U TPATUTCS Ha w3y denne). [Ipu uaTeppera-
MUSAX JIJI TTYYKOB YACTHUI] HAJIO0 YIECTh H3MEHEeHNe MATHUTHOTO
[OJIsT OT CAMUX YACTHUIl M CJAOKEHHE BOJH OT PA3HBIX YACTHIL

(ycpennenue).

K Teopuu cBera u COBpeMEHHBIM B3I/ IaM Ha HEE CYIIeCTBY-
er psiJi BOMPOCOB, NoaMedeHHbIX Bukropom Moposom (cum. ero
crarbu Ha caiite http://www.antidogma.ru/library /katalog/ ).
Cser 3aBUCUT TOJBKO OT UCTOYHWKA, HO HE OT MPUEMHUKA, TO
€CTh TeOPHUs JT0JI2KHA ObLIa OBl OBITH HemoTeHInaIbHOo. CoBIa-
JICHHE CKOPOCTeil He JOKAa3bIBAeT JEKTPOMATHUTHYIO IPUPOILY
cBera (TOK B Merajuie “IpUXOAUT’ TOXKE €O CKOPOCTBIO €, HO
510 He cBer!). Teopust cBera o MakcBeJLTy — 9TO T€OpUsl B JIU-
9JIEKTPHKe (YIUTHIBAIOTCS TOJIBKO TOKH CMeIeHns ), 3akoH OmMa
He YUUTHIBAECTCA, HO Bellb, HAIPUMED, SJIEKTPOJUT — XOPOITHi
IPOBOJHUK H JIOJI2KeH OBbLT Obl OBITH HEIPO3PAYHBIM, & ITO HE

Tak!

M3BecTHO, YTO MOKOATIUHCA JIEKTPOH HE MOYKET U3JIYIUTh
doror. CunTaercs;, 9T0 PaAaBHOMEPHO JIBUKYIIHUICI 3JIEKTPOH
TOXKe He MOXKeT u3ay4duTh poton. [lokosimuiics nin paBHOMep-
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HO JIBUKYIIHUICS 9JEKTPOH HE MOYKET HONIOTHTH (hOTOH (BO3-
MOXKHO TOJIbKO paccesinue dorona); 1o sbdexr Komnrona.
JoszKeH JIn W3JIy4aTh YCKOPEHHO MBUZKYIImiics 3aps (60J1b-
IMIHCTBO CYATAET, 4TO 00s3aH)? A ecam Mbl BO3bMEM 3apsif,
BpalmamIinuiica BOKpPYT cBoeii ocu cumMerpuu’ Beap B
9TOM CJIydae He HOJIYIUTCS IMOMEePeYHBIX BOIH. A ecyin MBI BO3b-
MEM cpeprUecKu CUMMETPUYHBbIN 3apsdd, MyJIbCUPYIO-
muii Baoas pamumyca? Toxke He MOIYT HOJYUYHTHCS HOIeped-
HbI€ BOJIHBI. TaK 9TO0 HE BCE TaK OJJHO3HAYHO. SaMeTI/IM7 qTO
pyU ONUCcaHuK 1porecca udjiydenust u Qeitnmvan u Jlangay cpa-
3y BBHIOMpaioT AumoJb. M 310 HecnpocTa! Hampumep, atoMm, Kak
JIITIOJIbHAS cucTeMa crnocober m3saydarh. OHAKO, eCH 3JeK-
TPOH JIBUKETCS 1O (KBA3H- ) CTAIIMOHAPHOI opOuTe, TO aToM (J11-
[OJIb, MEHSIONUACS TOJBKO [0 HAIPABJIEHUIO) HE M3TydaeT. A
€CJIH BJIEKTPOH [IEPEXOIUT ¢ OJIHOrO yPOBHSI Ha APYToii (T.e. nu-
[OJIb MEHsIeTCsl [0 BeJUYUHE), TO aTOM H3JIydaeT. Bo3MOKHO,
9TO0 00Iee CBONCTBO: AUIMOJIb CIIOCOOEH M3JIyYaTh TOJBKO
B TOM CJIydae, eCJIM MEHIeTCd ero abCcoJI0THas BeJInYn-
Ha. VI3BeCTHO M3 IKCIEPHMEHTOB, UTO KOJIEOIONHUICT BIOJIb
OTpe3Ka 3apsijl W3JIy4YaeT MONepedHble BOJIHBI. A JIOJKEH Jin
U3J1y9aTh 3apsjl, PABHOMEDPHO JBUKYIIHHACS 110 OKPYKHOCTH?!
B kauectpe "moxasarenbcTBa'HA3BIBAIOT BO3MOYKHOCTH Pa3JI0-
JKEHUs1 KPYTOBOTO JIBUYKEHUS HA MOKOMIIOHEHTHBIE (JIMHeHbIE)
npizkerusi. OTHAKO, 9TO BCETO JHIIb KHHEMaTn4veckoe (omnu-
careyibHOE) pa3joxkenme jpixenns! 11 oHo He rapanTupyer
OJIMHAKOBBIH PE3yJIbTaT MPU AUHAMUYECKOM (MaTepuasib-
HOM) CJIOXK€HHHM ABMXKeHHi. BcrnomunTe, ecim Bac morpsi-
CyT U3 CTOPOHBI B CTOPOHY (HAIPaBO-HAJIEBO, BIEDPEI-HA3AL),
TO CyMMapHbIe OIIYIIYHHsI He OyIyT COBHAIATH C OILYIIeHMUsI-
MH OT KaTaHWsl Ha Kapycean (Wid BpaleHus: B IeHTpudyTe).



InaBa 7. H3ny4enne BoJIH 141

s mosicHeHUs MOXKHO TPEIOKHUTD CJIeAYIONLYI0 MeXaHude-
CKYI0 MOfiestb. IIycTh y HAC MMeeTcs JIMHHBI (BBITSHYTHIH 110
ocu Z) y3kuil (KBaJpaTHOTO CeYeHUsT) TOHKHUH CTAKaH ¢ BOJOIL.
Y HEro 4yThb BBHIIIE YPOBHS BOJIBI B TTOJIOKUTEIHHOM HANPAB/IE-
HUM Ocu Y CJeJIaHO OYeHb MaJieHbKoe orBepcrue. Mbl Oyjiem uc-
CJIeJI0BATh, KaK BBIIUBACTCA BOJIA IPU YCKOPEHHBIX JIBUZKEHUAX
crakana. /Ijig 3TOr0 HUKe HAIIEro CTaKaHa MOMECTHM CILIOII-
HYIO CUCTEMY IIYCTBIX OY€Hb Y3KHX TOHKOCTEHHBIX CTAKAHINKOB
u OyeM HAOJIIOAATH, KaKWe CTAKAHIUKN W KaK HAMOJHAIOTCS 110
Mepe BBIILJIECKUBAHUS BOJIBI Yepe3 orsepcTue. Kcean Mbl Oygem
KoJie0aTh Halll CTaKaH BIOJIbL OCH X, TO BOJa He OYIET BBLIH-
Barhed. Bem Mbl OyneM KosiebaTh Halll CTakKaH BIOJL OCH Y, TO
BHHU3Y, IJIe-TO Ha OCH Y CHMMETPUYIHO OTHOCHTEIbHO ITOJOXKH-
TeJIbHOI TOYKU OCTAHOBKH “HapHUCyeTCd BEPTUKAJIbHBII II0-
JIYKPYT U3 3alOJHEHHBIX BOJOI CTaKaHYMKOB. A BOT ec-
JIE MBI OyJIeM BpalllaTh HAI CTAKAH 1O OKPYKHOCTHU, COXPaHAA
Ty 7K€ MOCTOSIHHYIO OPHEHTAINI0 OTBEPCTHS, TO 3a Hpejesia-
MU OKPY2KHOCTH 00pa3yeTcsa HeKOTopas IJIOCKast purypa B
Buae Mecdaria. Tak 4To uMeeM sBHOE JTUHAMUYIECKOe HEePaBHO-
npasue! 3aMeTnM, 9TO BPAIEHNE HAIIEr0 CTAKAHa BOKPYT CBOeil
ocu (HEKOTOPBIl AHAJIOT CHMHA) MOIJIO GBI CYIIECTBEHHO TTOMe-
HSITh KAPTUHY BHITLJIECKUBAHUI B 3aBUCHMOCTH OT COOTHOTITEHUST
JaCTOT COOGCTBEHHOTO M OPOUPATLHOTO BpAIIEHUs (B TOM YHC-
Jie, TIPH JIBUZKEHUHU 110 OKPY?KHOCTH MOIVIO OBl OTCYTCTBOBATD
BbLIMBaHUE BOJBI). U yzK e/ Mbl MOZKeM IPeI0KUTh HepaB-
HOIIpaBHbIe Mojieu, To Y [Ipupoabl ropasmno 6osrbiie panTa3ui
1 BO3MOYKHOCTEH 71T UX Peau3aIlii.

Emé K Bompocy 0 TOM, JOJIZKCH JIH COIVIACHO 3JeKTPOINHA-
MHKEe W3/Iy9aThb JIEKTPOH, JBUTAIONIMICH 110 KPYTOBOil opOu-
te (3.11. Jokroposud 1994). 13 3KCIIEPUMEHTOB H3BECTHO, YTO
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JOGPOTHOCTH JIMIOJIsSI MEHbIIIE eMHUIBI (ITO XOPOIIHHA U3y~
garesb), a J0OPOTHOCTh KPYroBOrO BHTKa OOJIbIIE COTHHU (3TO
CBSI3aHO TOJIHKO € MOTEPSIMH B HEM caMoM ). To ecTh, KWHEMATH-
Jeckoe pasfioyKeHwe JIBUYKEHUS Ha JIBE COCTABJISIONIE He JTaeT
pas3JioKeHue UTOrOBOro JIMHAMUYECKOTO Pe3yJibTaTa Ha JBa CO-
OTBETCTBYIOIINX pe3y/abTaral

To, uTo MoxkHO BBecTH |3, ¢. 170] Hekoropsiit kKoadbdumuent
M B BBIpaKeHne SHepruu F HUKaK He CBA3aHO ¢ TeM, OyJaeT Jn
9Ta BEJIMYUHA M (JazKe €CJAH Mbl HA30BEM e Maccoif) mcrod-
HHKOM T'PABAUTAIIMOHHOIO NpHUTszKeHus. Hampumep, 1o coBpe-
mvenubiM nHTEpIpeTanuam CTO mMacca COBOKYITHOTO W3/Ty YeHUsT
3aBHCAT OT €I0 CYMMAPHOTO UMITY/IhCa, TO €CTh TPABUTAIAA MO-
JKET CTPAHHBIM 00pPA30M MOSBJIATHCH, HCYE3aTh, IPHIIATh U T.I.

CrpaHubIM gBIseTcs (pakTHIECKoe MOCTYJIUPOBaHUE, YTO B
BaKyyMe BOJIHOBOi (DPOHT BCerja mepreHnKyIaper HapaBjie-
HUIO PACIPOCTPAHEHHs] CBETOBOTO Jiyda (HApUMep, JIsd “00b-
acuaerus’” abeppanun B CTO). U u3orponus mpocTpaHCTBa
3/1eCh HU TIpU 96M (He TpebyeT TAKOro MOCTYJHPOBAHUS): Ha-
IpaB/eHne UCIIYIIEHHOIO CBeTa YiKe 3a1aéT BBIIeIeHHBIH Bek-
TOp, W HAIPAaBJICHUS JIBUKEHUs HAD/I0[aTe/ el MOTYT ompejie-
JIATHCS OTHOCUTEJIBHO HETO.

B orHomenun reopernyeckoro 0obacHeHusd u3jiyuenus de-
perkoBa B |9, m.115, ¢. 588| BO3HUKAIOT HEKOTOPBIE BOIPOCHL. B
COOTHOTIEHNN W = k, v MPeINoIaraeTcs, YT0 9acTUIA JBUKETCS
PaBHOMEPHO CKBO3b CPEJLy, TO €CTh He u3Jiydaer (a emé rovdnee,
HUKAK HE B3aHMOJIEHCTBYET CO CPEJIoii), a KAKOB K€ MeXaHU3M
TaKoro mporecca 6e3 BzaummosneiicTBusa?! TeopeTndeckue pasJin-
YUl ITOTO UBJIYUEHUsT OT TOPMOIHOTO U3y IeHHsI (BCE MPeIeTh-
Hble TePexo/ibl) OCHOBAHBI HA HEPEATHHOM IPEIITOJIOKEHNH O
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TOYEYHOCTH YaCTHUIHI. BHAYATE TOBOPUTCS O TOM, UTO 9TO H3JIY-
JaeT caMa CpeJia, a 3aTeM BJIPYT BbIIEILIOT U3 MOJHBIX MOTEPh
SHEPIUH YacTUieil Ha U3IydeHne TY J0JI0, KOTOpas CBI3aHA
¢ wanydennem Ueperkona. Tak aro ke m3aydaer?

Takum 06pa3oM, Mbl BUJIMM, 4TO C OMACAHKEM TaKOI'O KJIIO-
4eBOro sBJIEHU, KAK U3Jy4YeHUEe BOJH, Y COBPEMEHHOH 3JIEKTPO-
JUHAMUAKH CYIIECTBYET IOCTATOYHO DOJIBIIOE KOJHYECTBO IIPO-
OeM.



I'1aBa 8

IIpoxoxkieHue BoJIH 4depes
cpeabl

Paccmorpum Teneph mopodnee HEKOTOPbie TPUMEHEHU COBPe-
MEHHOH! Teopuu jieKTpoMarnerusma. Hauném ¢ onucanust pac-
IPOCTPaHEHUs BOJIH B CPeIax.

HassiBaTh CKOPOCTH pPACHpPOCTPAHEHHS CBETa Uepe3 Belle-
CTBO ¢/n Kaxymeiics [2, ¢. 85| — 9T0 €TaBUTH BbIIYMaHHBIE
teoperndeckue npuanunsl CTO peime OIIBITA. Pacupocrpa-
HEHUE BO3MYIIEHUIT B CPe/Ie — TOXKE CJIeICTBUE 3IeKTPOMATHIT-
HBIX CHJI, HO CKOPOCTH CBeTa (M30TPOIHAsI) 37€Ch HU [PU YEM:
OTIBIT JAET PACIPOCTPAHEHIE BO3MYIIEHHUIT CO CKOPOCTHIO 3BYKA
(vs < ¢) u gacro Hemszorpoinoe. Jla u 0ObsiCHEHHE 33/IePKKH
qepes ¢aBHUT a3kl — IMOJOBHHYATOE, TAK KaK HUIIE B TAPMOHU-
YeCKue pemeHnud or —oo 10 400 He BXOAUT MOMECHT BKJIIOYCHUA
moJist (& TOJBKO TaKasl MOCTAHOBKA 33JIa9U MHUBUIYATU3UPYET
bpoHT BOSTHB).

[Tpu BBIBOJIE BBIpaZKeHUsI JJisl TIOKA3ATEIsT TPEJTOMIEHHS |2,
rnasa 31, naparpad 1, 2, ¢. 85-93| cJUIIKOM MOJETBHBIM STB-
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JISIeTCSI TIPeICTaBIeHne 00 U3y YeHNH aTOMAMH MaTeMaThde-
CKOl IJIOCKOCTH (Be/b B BelecTBe GOJIbIe BCErO MyCTOTHI).
Ha camom meste mepem3aydaioT aToOMBI, paciIpene/eHHbIe BIOJIb
Bcero cosi (zo — 21). Kpowme Toro, mepewsmydenne mpomcxo-
JHUT BO BCEX HAlIPABJIEHUHAX C HEKOTOPON BEPOATHOCTBIO, KOTO-
past TOXKe JIOJIZKHA OIpenensaTbesa m3 ombita. CireI0BaTeIbHO,
PaccMOTpPEeHre YHCTO OJTHOMEPHOM “3aepKKH’ — MOJIE/JIhHOE U
cauikoM rpyboe. V, HaKOHeI, COBEPIIEHHO HEM3BECTHO, KaK
M3JIyYeHne MMPOXOIUT Yepe3 caMu dJIeMeHTapHbIe YaCTUIhI
(TO, 9TO P HTOM YTO-TO JIOJZKHO MPOUCXOIUTH, SICHO U3 Pac-
CMOTPEHHS PacCesiHUsI TAMMa-KBAHTOB, €CJIH BEPUTh, YTO OHH —
TOKe SJeKTPOMATHUTHOE H3/aydeHue). [[09ToMy IpeTeH3un Ha
HEOOXOIMMOCTh HCIOIb30BaHus “BbicoKux mpuniumnos CTO” -
HEea IeKBATHHI.

OnpiTHBIT MakpocKonmudeckuii 3akon Kysona ne rapas-
THPYET AHAJOTUYHYIO (HOPMY 3AMUCH JJIsI JTEMEHTAPHBIX da-
CTHIT: JIJISE €70 TAPAHTUPOBAHHON (IIPOBEPEHHOI ) TPUMEHUMOCTH
JIOJIZKHBI OBITH BEJIMKH PACCTOSTHUA MEXKTY YaCTUIAMU 110 CPaB-
HEHUIO C WX pa3MepaMu, /la U TOYHOCTh M3MEPEeHUs OTKJIOHE-
HUsI TPAEKTOPHUH (MM MECTOIOJIOKEHUS ) JTOJIZKHA GBITh BBICOKA
B IIpejiesiax 3TUX pa3Mepos. [yisg MUKPOOOHEKTOB HEBBITIOHH-
MOIi abcTpakiueil oKa3bIBaeTcsI OeCKOHETHAS MAJIOCTDh MPOOHBIX
3apsa/10B (Tak:Ke KaK U OTCYTCTBHE M3MEHEHHs! B CBOWCTBAX H
COCTOSTHUAX 3aPSIzKeHHBIX YACTHUI[ TP HAJHIAN IPYTUX 3apsi-
JIOB — MPUHIIUI CYTePHo3uIyn). MeToqudeck HeTOUeH BhIBOI
ckauka E Ha 3apsiykeHHON TOBEPXHOCTH: MPHU BBIBOJIE TEOPEMBI
[aycca 3apsijipl Ha OKpYzKaolleil 1HOBEPXHOCTU HE PAcCMaTpHU-
BaIOTCs, a B JAHHON 3ajiade IPU YMEHBIIEHUN BBICOTHI M ILIO-
ma/m OOKOBOW MOBEPXHOCTU 3TA MOBEPXHOCTH CTITUBAETCHA K
3apAKEHHON JINHHAN.
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Kaxk okasbiBaeTcs u3 pacaéros (Bekrop IloitHTuHTA), SHED-
rust TedéT ¢ bas3oBoii ckopocThio BoHbL |6, maparpad 100, c.
481]. TTosToMy CTPAaHHO BBILJISIAT (pasa, d4TO HYXKHO 00s3a-
TeJIbHO PacCMATPUBATH BOJHOBOM NMakeT. A 94TO, MOHOXPOMATH-
gecKasl BOJHA HE HEPEHOCHT SHEPrHio (TO eCTh OHA MOXKET Cy-
eCTBOBATH 0e3 mcrouHuKa)? Beé mperkHee OBLIO BBIBEJIEHO B
IPeJIIOIO0KEeHHH JAefiCTBEHHOCTH IPUHITUIA CYIepPIO3UINK (JIi-
HeifnocTn ypasaenuit Makcsesna). Ho torma, ucnosbsyst Dy-
pbe pa3/IoKeHUe, MOIyUaeM, UTO JHEPTUs KAZKJIONH rapMOHUKH
nepeaérest ¢ paszoBoit CKOPOCTHIO (€CIH Ke CYHTATDH, Y9TO MO-
HOXpOMAaTHYECKash TapMOHUKA BOBCE He IepeaéT SHEPTHH, TO
He OymeT e€ mepegaBaTh M CyMMa TaKUX FapMOHHUK). Jlist pac-
CMOTpEHHsT HeJIUHEHHBIX Cpell HyzKeH OoJiee OOIIMI MOAXOT K
OpuHIUNaM (K OCHOBaM ), 4ero He ObLIO CIeJIaH0, HOITOMY (pa-
3a 0 TOM, 49TO IIpU HaJUYIHNU JUCIICPCUHU HY2KHO paCCMaTPpUBaATh
IPYHIIOBYIO CKOPOCTD JIJI ONHUCAHU IepeIadnd SHEPIUU BbITJIs-
JUT HEODOOCHOBAHHOM (TOJIOCIOBHOI).

3amMeruM, /I TOI0 4TOOBI 00CYKIaTh BO3MOXKHOCTD CYIIe-
CTBOBaHUST HPOJOJIBHBIX BOJH |6, maparpad 101, c. 481], HyKHO
OMPEJIEIUTh CHAYAJIA UX CBOHCTBA (CKOPOCTh UX PACHPOCTPAHE-
HUsI a priori MoxKeT GbITH JII00O0i) U METOIbI JeTeKTHPOBAHUSI.
3aKOHBI OTpaKeHUsI U TPEJTOMICHHS TOTY YeHBI IPOCTO U3 MPe/I-
IIOJIOXKEHHUSI O CYIIECTBOBAHMH ILIOCKUX BOJIH, TPAHUIHBIX YCJIO-
BUii ¥ HEU3MEHHOCTH TUIIA BOJIH IIPH STOM HPOIECCe (& ecu THIT
BOJTH MOXKeT u3MeHsiThest? ). [lokazaTesb mpeJoMIeH sl HIH JTi-
9JEKTPUIECKNE MPOHUIIAEMOCTH £1 M €9 — 9TO MPOCTO KOHCTAH-
Thl, KOTOPbI€ HUKAK M3 TEOPUU CAMOCOIJIACOBAHHO HE CJIE/LYIOT,
a, HA0OOPOT, MOJJIeKAT ompeaeseHnto. [losromy orimame n or
\/€ 03HAYAET, YTO HE BCE TaK TPOCTO € 3JEMEHTAPHBLIMHU MO-
JTeJISIMA OJHOPOITHON Cpesibl, HO HUYIEro APYroro B YpPaBHEHHIX
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Maxkcpesia moKa W He paccMaTpuBaaoch. OusaTh — Tpedyer-
cst ©oJiee oOIIMiT aHAaM3 MIPOOJIEMBI, & HE MPOCTO TOJIpPaB/ie-
Hue (TMOJTOHKA) BEJIUYUH € MOJ CYIIECTBYIOILYIO TUCIEPCHIO.
B meranne (kak u B qr06oM matepuase) |6, maparpad 102, c.
491| mokHO canTarh p = 0 TOJBKO KaK YCPEJAHEHHYIO IO OLPe-
JTeIEHHBIM MacCIITabaM BeJMYHHY. B MHKPOCKONHYIECKOM MAac-
mrabe p # 0, U B moJie BOJHBI, €CTECTBEHHO, OYIyT KOJeOaHUS
p (¥ HAIO OMPENEJUTH POJIb THX MEJKOMACIHITAGHBIX Bapha-
muit). Jlamee, Bce OpMyIIHI TIOMYyYeHbI TOJBKO s Cydast ¢
HOCTOSIHHBIME CBOHCTBAME CPeJIbl (€), TO €CTh OHU MOTYT OBIThH
IpUOJIMKEHHO MPUMEHIMBI TOJIBKO BHY TPH IIPOBOJIHUKA, HO He
BOJIM3M €ro IPAHMUII, [ie TIPOUCXOIUT Mepexos (€1 — £a).

B [6, maparpad 104, c¢. 502] neasiii maparpad mocBsiiéH
OTPABJIAHUIO OYEBUIHOMN TJIYIIOCTH: OECIIPEPBIBHON MUPKYIAIUN
sHeprun (Kak BeKTOopa I[IOWHTHHIA) B CTATHYECKUX MOJIAX (3a-
PAKEHHBINA IUIMHAPAIECKAIT KOHICHCATOP B IIPOIOJLHOM Mar-
HuTHOM moste). OJHaKo uiest ¢ pa3psiioM (JJis BHIKJIIOYEHUSs
nosist E) or panoak THBHOIO UCTOYHUKA JJIsi OOHADYZKEeHUsT Ta-
KO#l TMUPKYASIINE BBINVISIIUT HEyOe uTeIbHO: MOCKOJIBKY IPO-
U3BOMATCS CBOOOIHBIC 3aPSIbl, KOTOPLIE B CKPEIEHHBIX OJISX
[E x B] mauunaor apeiioBaTh M0 OKPYKHOCTH BOKDYT OCH,
IPHBOJA BO BpallleHHe cHadaja a3, a 3aTeM U caM KOHJIEeH-
catop. Ho Beab 9T0 — m3BeCTHBIM SBHBIN MeXaHW3M, AeHCTBY-
IOIIKil B JIAHHOM CJIydae OIIOCPe/ICTBOBAHHO, Yepes3 JBe HpoMe-
JKyTOUHBIE “Tienn”. A BeIb “BHIKIIOUEHHE MOMEHTA KOJTHIeCTBA
JBUZKCHUS MOXKHO OBLIO IIPOBECTH MPOIIE: BHIKIIOYUEB BHEIIHEe
MaruuTHOe noJte. Halinérca m Torga MexaHus3M Iepexoa CH-
creMmbl Bo ppammenne? Koneuno, mer!

[Ipu pemennu psga 3a1ad B IAEKTPOIAHAMUKE HAM IIbI-
TAIOTCd IIPEII0KUTh HEKOTOpble “HHTYUTHBHBIE  pelleHus, HO
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OlpeJIe/IEHHOe BHYTDEHHEe HEYJI0BJEeTBOPEHUE BBIZBIBAET TOT
daxT, 9TO B COBPEMEHHOI SJEKTPOJAMHAMUKE JIAJEKO He BCE
MHTYUTUBHO OYEBHHO (HET aJrOPUTMUYECKOTO Toaxona). Ha-
npuMep, TOYeMy T0JIe BAOJIb MPOBOJHUKA PACIPOCTPAHIIETCS
Ha OIPOMHBIE PACCTOSIHUs, a BLJIyOb — 3aTyXaer Ha IJyOuHe
ckuH-cJ10s |6, maparpad 106, ¢. 511]7 Toabko moroMy, 9T0 MbI
cpa3y BbIOpaam Takoii Tun pemrenusi! Heyrkemu ObicTporepe-
MEeHHBIe TOKH B MPOBOJE U Kabese pacipoCTPAHSIOTCS TOJIBKO
3a CYET BOJIHBI B JuasiekTpuke? U1 mpu 3ToM BOBCe He 3aTyxa-
for? Torga mojie npakTUYecku He JIOJIZKHO ObLIO Obl MEHSITb-
cd IIPU HAJUYIUH PA3PBIBOB CILIONIHOCTH MeTasuia. Tak Jju 910
(oueBnmno, Her)?! CTpaHHO BBHIISAUT W Hall BHIGOD j = AE
(0H BOBCE HE CJIeyer ¢ OHO3HAYHOCTBIO U3 IKCIEPUMEHTATHHO
nposepsiemoro paserctsa I = U/R). Takxke npu 3aryxannu E
9TO HPUBOJIMIO Obl U K YMEHBIIEHUIO j, HO BeJb j aHAJIOTMYIHO
HMOTOKY BOJIBI B TPYO€: HEYZKETH JTEKTPOHBI TJIe-TO HAKAILIABA-
I0TCS W CO3JAIOT JOMOTHUTEIbHBI 3apsij] (3HAYUT, MBI HMeeM
JIeJI0 He € 3aTyXaHHeM, a IPOCTOo ¢ u3MeHeHnueM mpoduis)? Vnu
Ke cauTarh BAosb nposonos u E = const(l) u j = const(l), vo
Be/Ib TI0JIe HE PACIPOCTPAHSETCS] MIHOBEHHO, 3HAYUT JIOJZKHBI
MeHsATbes U B, 1 j, u emé u p (B npubauzkKEHHON Teopuu GBICT-
pOIepeMeHHbBIX TOKOB 3apSAJIibl 0 B IPOMEZKYTOUHBIX BBIKJIAIKAX
TOSABJISIOTCS! ).

Mg dbeppomarnerukos |6, maparpad 108, c. 525| 3ame-
TUM, 9TO (PepPOMATHETHK B OHOM II0JIC MOXKET OTJIMYATLCA 10
CBOICTBAM OT TOTO ke (peppOMArHeTuKa B JIPYTOM TI0/1€: TIOMHU-
MO TeIIOBO# (HeyNnopsiJI09eHHOI) SHEPIUK BHOJHE MOI'YT BO3-
HUKATH YIOPSIOUEHHbIE JIBUZKEHUS (HAIIPEMEp, B BOJIHE), MO-
KeT MPOUCXOAUTH czkarne heppoMarHeTnka (To ecrhb mosryda-
eTcd, rae CIIUBAThL MPAHMYHBIE YCJIOBUS MBI JOJKHBI 3HATH a
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priori?), MOYXKeT MEHSATbCsI SHEPIUsl B3AUMOJIEHCTBHSI JTOMEHOB,
[IPOUCXO/IUTH TTEPEOPUEHTAINS CTPYKTYPHBIX ‘3JIEMEHTOB”, MO-
YT MEHSITbCS €, [4, A, J1a U CBOHCTBA CHJIBHO 3aBHCAT OT CKO-
poctn mporiecca (Heaamabarnaroro). TakuM 06pazom, mpeio-
JKEHHOE OIHUCAHUEe BechMa 1o03puresibno. /la u onpeaenenune
BesTMIuH depe3 BekKTop llofiHTHHTA “cHApYKH — HMCKYCCTBEH-
HOE, MBI B€Jlb JOJIKHBI ObLIN OBl 3HATH AMILIUTY/IBI MPOIITE/T-
IIUX, OTPAYKEHHBIX, PACCEAHHBIX ¥ TMOTJIOMIEHHBIX BOJIH, TO €CTh
BCE PABHO PENTUTH TMOJHYIO 337ay!

[Ipu onucanuy JEKTPOMATHUTHBIX BOJIH: 1) HaM “mpeia-
raf0T BEPUTH’, 9TO BCE HIOAHCHI OMUCHIBAIOTCS yPABHEHUSIMH
Makcsesia; 2) BBOAUTCS HepeasibHas “HEOIDAHUYEHHAsS OJ[HO-
poiHas cpea Ge3 mororenns”; 3) Bce XapaKTePUCTUKU 3aBH-
CAT TOJILKO OT X U 1, TO €CTh PaCIpOCTpaHgeTcs “OecKOHeYHas
IJIOCKOCTh B MEPIEHIUKYIIPHOM HanpasieHun” (HO BeJib B pe-
aJIbHOCTU MBI BCEIVIa UMeeM TPEXMEPHBIH CIydail ¥ OrpaHudeH-
HBI{T “1I0 upuHe u BbicoTe” cBeTOBOM Jiy4!); 4) He JoKa3aHO, 4TO
He CYIIECTBYIOT HHBIE “DACIPOCTPAHSIONIHeCs] (MU TPOCTPAH-
crBeHHO 3aMKHYThIe!) pemenus’”; 5) copnaenne ¢paz Eu H —
JINIIL CJAEICTBHE Haleil “Bepbl’ B €IMHCTBEHHOCTDH PEIIeHni U
BO3MOYKHOCTH HAXOXKJeHue uX ToJbKO (!) 3 ypaBHenuii Makc-
BeJLIA.

[Ipu onucannu ckuu-3derra |8, n.144, ¢. 648|, Bo-mepBhIX,
TPEJIMOJI0XKEHO, YTO BOBCE HET W3MEHEHUS TJIOTHOCTHU 3apsJIOB
(divj = 0) u, BO-BTOPBIX, U3 BCEBO3MOMKHBIX DEIEHNU BbIIe-
JieHO (MCKYCCTBEHHO BBIODAHO) TOJBKO TO, JJIsi KOTOPOIO TOK
TedéT BJOJIb OJHOI ocu, 1oJjie B nanpasiieHo 1o Jpyroit uep-
NeHJIUKYJIAPHON OCH, & BCe 3aBUCHUMOCTHU — OT TpeTbeil 1mpo-
cTpaHCTBeHHOM KOMmOHEeHTH. [laee, CUByXWH 4eCTHO TPU3HA-
ércst, 94To “CTPOroro W MOHSATHOTO OMHUCAHHS PabOTHI TPAHC-
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dopmaropa Tecsibl, OCHOBAHHOrO Ha ypaBHeHUsX Makcsesiia,
He CymiecTByer (BOT BaM W “Besimdme TeOpuu’), & BMECTO 3TOTO
HCIIOJb3YEeTCsl OIMUCAHNE, OCHOBAHHOE HA TEOPHUHU ITOCTOSHHBIX H
KBa3UCTAIMOHAPHBIX TOJIEH, YTO, KOHEYHO K€, HeYI0BJIeTBOPH-

TEeJbHO.

[Ipu “nosydyenun” ypaBHEHHIl MOJIS B CpeJie U3 MHUKPOCKO-
nu4YecKuxX ypasHeHuih Makcpesia (MOYeMy-TO MOCTYIAPYEMbBIX
BEPHBIMHU, XOTS B IKCIIEPUMEHTAX BCET/IAa UMEIOT JIeJIO0 C MaK-
ponapamerpamn) IpUMeHsIeTcst poreaypa yepeaaennst. OHa-
KO, OHA OJHO3HAYHA TOJILKO B JIMHEHHOM NPHOJHZKEeHUH (KO-
IJ1a MaKCUMaJ/IbHbIE (DJIYKTyallnd BEJIMIMHBI MHOT'O MEHbIIIE eé
CPeJIHero 3HAYEHUs ), TAK KAK B MATEMATHYCCKOM yDABHEHHH
MBI MOYKEM IO ONpeJIeIEHHBIM IpaBUJaM IMEePEeHOCHTDH CJara-
eMmble n MHOxkuTesn. Hanpumep, ypasuenus divE = 4mwp u
divE/p = 47 n0JHOCTBIO PABHONPABHBI, HO U3 1-r0 ypaBHEHHs

cJeayer
div(E) = 47(p),

a 13 2-ro (UCmoIb3ys onpeesenne GIYKTYauil i pasaoKeHue
B psaj Teitropa):
div(E divE ’p’
(B), _(dvB's) |
p) (divE)(p)

= 4.

Bompoc 4To Ham0 ycpeaHATb, U3 KaKOTO ypPaBHEHUA, KAK H
YTO HpenojaraTb 0 GIYKTyalusaX BBIXOJIUT 338 PAMKH CaMOi
MHKPOCKOIITHYECKOU JIEKTPOJUHAMUKH U TpebyeT IposiCHeHusd
JOMOJITHUTEJbHBIX TPUHITATIOB W YCJIOBUIA.

IIpu BBIBOJE ypaBHEHHil MO B IUIEKTpUKax |9, m.75, c.
380] cTporo ycraHOBHTH CBS3b (pV) € APYIHUMH BeJHYHHAMH
He TPEJICTABIISIeTCs] BO3MOKHBIM. B urore BHavase hbopMagbHO
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HEKOTOPYIO KoMOnHaIuo obo3nadaoT Kak cH, To ectb ucmo/n-
3YIOT Ty Ke OYKBY, 94TO U JI/Isl HAIPAZKEHHOCTH MATHUTHOTO TIO-
a1 (6e3 JOKa3aTeqbCTBa, UTO Ta BEJUYUHA U €CTh HAIPSI?KEH-
rHocth H). A 3arem mpousnocat dbpasy o HEKOTOPOit “MeIeHHO-
cru m3MeHenus 1ojst” (6e3 Kakux Obl TO HE ObLIO KOJIMYECTBeH-
HBIX TTAPAMETPOB ITOi Me[JIEHHOCTH!), TKOOBI COXPAHSIIOIIUX TY
ke 3aucumocth H. B obmem, rie-ro Bo Beesternoit Takasi cu-
Tyalus ¢ YpaBHEHHEM M MOIJIa Obl BOILIOTHTBCHA, HO BOIPOC O
MPUMEHUMOCTH JAHHOTO YPABHEHUS K KayKIOMY KOHKPETHOMY

CJIy4al0 OCTAETCs OTKPbITHIM.

Pensrusucrckoe 0600mmenue ceazeit mexkay D u E, Bu H (un
nosnyuenne Gopmya MUHKOBCKOTO) JIJIs JIBHKYIIUXCsT cpef, |9,
.76, c¢. 385] BBI3BIBACT HEJIOYMEHHE C MATEMATHICCKOH TOUKH
3peHus: Bce KPUBbIE IMOJIy4YeHbl TOJIBKO 110 COBIA/IEHUIO HyJle-
Boit Touku mpu v = 0! Takum 06pazom, 31u cBsa3u (MoeabHbIe! )
BOBCE He 00OCHOBAHBI IS ABMKYIIHXCS JU3IEKTPUKOB, & BeJlb
0e3 Hux ypasHenuss Makcpesta GecipeMeTHBI. Jla ¥ ¢ ToOUKH
3peHus MPpoIecca H3MepeHns MoJIsd U3MEePSIIOTCS He B INHAMUKe,
a IPHU HOKOSIUXCS NCTOYHUKE U cpeje. B nBukeHnn He cyime-
CTBYeT TPOIEAYPHl U3MEPEeHUs ITUX MoJied W HeT TPOIEeTyPhI
COTIOCTABJIEHUS 3TUX TOJell co crarmdecknM caydaeM. He ro-
BOPSI YK€ O TOM, YTO, CTPOTO TOBOPs, CBA3b B OOIIEM CJIydae
JIOJTIPKHA WMETh He MTPOCTYIO JTUHEHHY0, & HHTerpaJIbHyI0 3aBU-
CHMOCTD (BKJIIOYAIOINTYIO PEBICTOPHIO).

Cwertao BT IUT B |9, .79, ¢. 396 asa 0 “He3aKOHHOM
) )
yrounenun” MarauTHON nponunaemoctu p(w). U “nokazaresib-
€TBO” 9TOr0 BeChbMa CTPAHHO: BHAYAJIE U3 TOUYHOIO YPAaBHEHUS

47 10E

(pv) + -

rotB = ,
c Ot

C
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KOTOpPO€ TaK U HE CMOIVIM YCPEAHUTDb, BBIYMTAIOT YpaBHEHHUE

10D
rotH= ——,
c Ot
oIy YeHHOE JIUIITH (bopMaIbHO — IIYTEM BBEJECHN HEKUX “BCIIO-
MOTATEJbHBIX CTOPOHHUX 3apsifioB” (KOTOpBIE MOYEMY-TO BOBCE
He BJIUSIOT Ha CBOWCTBA CPeJibl, a TOJbKO Ha moJe!). B pesyib-
TaTe MoJIydaeTcd “TUITHUN dIeH %—lz C HEM3BECTHON TOYHOCTBIO,
HO 00baBIIseTCs, 4TO M nMeeT puzmaecKuii CMbICT TOJIHKO KO-
[JIa 9TUM Y9JIEHOM MOYKHO IpeHeOpedb. A MOKeT ITOT UjIeH —
JIMIIB OIMKIOKA METO/Ia, WK MOXKHO mepeonpeaeants M7 A, mo-

KEeT, CYMECTBYIOT CAyYan, KOTJla aBTOMATHIECKH

1 oP
— — =07
50 (r 5 ) dV =0

MareMaTn4eckKu CTPAHHBIM (Jaxke OYeHBb!) TakKiKe SIBJISIETCsI
yTBep:KIeHue, 9To A/ yBeaundenus rotM pasmepsr Tesia, 10/1K-
HBI OBITH MaJibl (Beb quddepeHuanibHas omepanus rot 03Ha-
gaer B3sTHe npesenal). Beibop € — 1 ~ 1 Toxke mpousBosieH: pa3
OLEHKH KaCarTCs OOJIBIITNX YaCTOT, TO JOJKHO ObITh € — 1 & 0.
Kpome MaTeMaTHdecKUX BOIPOCOB €CTh eIlé U (pU3nIecKuii: mo-
9eMy OIEHKH TPeIIoJaraloT PaBHOMEPHOCTh (OJHOPOTHOCTH )
BCEX BEJIMYMH, a, HALPUMED, HE MX CTPYKTYPUPOBAHHOCTDH 110
macirabaM (HaJIn9ue yHopsI09eHHbIX MUKPOIBUZKEHH, CIIi-
HOB U T.JI.), 9TO TOpa3/0 OJuzKe K PeajsbHOCTH?

[Tpu BBeJeHWN MPOCTPAHCTBEHHOI Aucepcnn (OTKPOBEHHO
rOBODSI, OHA €CTh BCEIJa), OKA3bIBAETCs, HUYEr0 CTPOrO BBIBE-
¢ty Hestb3sl. B pesysibrare B [9, .103, . 522|, o cyTH, 0TKA3bI-
BAIOTCS OT CTPOrOH 3amucu ypasHeHuit Makcpesia (Hanpumep,
BoBCce He BBOAAT H), mpemojaraoT mpu 3TOM O BKJIIOYEHHH
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BCeX HEM3BECTHBIX UJEHOB B Iepeolpe/leIéHHyI0 BennanHy D
(TO ecTh, IO CyTH, OTKA3BIBAIOTCS OT €€ MpeKHero bu3nIecKo-
ro cMbicsia). Jlamee, TPOU3BOIBHO MEPEOTIPEIEIITIOT

oP
<pV> - Eu

TO €CTh OTKA3bIBAIOTCS U OT (PU3UUECKOTO CMBICTA TTOJSPU3a-
ruu P. Takum obpazom, ypaBHeHns MakcBesa NpeBpalmaTes
B MAaTE€MaTHYECKYIO CUCTEMY yPaBHEHUN OTHOCUTEILHO HEKOTO-
DPBIX OYKOBOK € HEU3BECTHBIM (DUIUYECKUM CMBICTIOM. ['HIoTe-
3011 gBJsieTcd JuHeiHocTh cBa3u D u E, Tem Oostee 4To Tenepnb
Eix HE UMEET MPEeXKHero (pU3MIecKoro CMbicaa (BKJIIOUAET, Ha-
IpUMep, KOCBEHHO ¥ 3aBUCHMOCTDb OT f1).

[Ipu onucanuu sBiaeHus paccesuuss B |9, m.117, c¢. 597]
“BAPYT” BBISICHAETCS, 9TO “00IIas cBa3b” B ypaBHeHusx Makc-
BeJLIA

D=c¢cE

HEI0CTaTOYHa (SHaqHT IpexKHAA BeJIHUKad CTPOrocTb — IO
BOIPOCOM?), a HaJI0 BBOJUTH WCKYCCTBEHHO €INE OJHY 3aBHU-
cuMOCTh (MO CYTH, JOMOTHATENBHYIO HEH3BECTHYIO (DYHKITHIO
aik(r>t)):

D; = EIEZ{ + OzikEk,

rae F' - orHOCUTCS K paccessHHOH BOJIHE, a (), - K HaJaiomiei
BOJIHE (To €CTh, CYMMAapHOE I0JIe HE PABHO CYMMe TaJIAa0IIero
I PACCESTHHOTO TOJIeit).

CymectBytor u “6oJiee mpocThie” Bompochl. [louemy omam
MaTepuaJjbl BOOOIE MPO3PAvYHbl JIJIsi CBETA, a JPYrue Hermpo-
3PATHBI, BEJIb [0 COBPEMEHHBIM MPEICTABICHUSAM B aTOMe 00JTb-
e MyCTOTBI, YeM MaTepuu. HeT HpHHIMNAAIBHBIX PA3JTUYUAN
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MeKJIy aTOMaMH DPa3HBIX BEIIECTB, UTO K€ TOT/a COBepIIeH-
HO HE MPOIYCKAET CBET B OJIHUX CJAydadx, a B JPYIUX CJIydasix
3aCTaBJgeT CBeT MEHSTh CBOIO TPAEKTODHUIO NPH TAJeHUU Ha
HOBEPXHOCTH Tesia 1Moj yriaoM (pa3 (bOTOH He B3anMOJeHCTBY-
er ¢ JIEKTPOHOM H sJ[POM, T.e. He morsomaercst aromom)? Tlo-
1eMy (DOTOHBI B3aHMMOJEHCTBYIOT ¢ MOBEPXHOCTBIO TaK, OYATO
9TO YETKO BbIPpAKEHHAA MATEeMAaTUYeCKas MOBEPXHOCTHIO TeJIa,
a He JIOCTATOYHO CAYYalHBIH HAOOP cIydaiiHO OpHEeHTHPOBAH-
HBIX U OECHOpsI09HO “JpOozKAIUX’ AaTOMOB, MTPAKTHYECKHU ITy-

CTBIX BHYTpHU?

Takum obpazom, TPUMEHNMOCTH COBPEMEHHON 3JIEKTDPO/IN-
HAMUKHN K OINHICAHUIO PACIPOCTPAHEHUs BOJH B CPeJaX BhI3bIBA-
eT 00JIbIIINe COMHEHUS B IIJIAHE CTPOIOCTU U aJrOPUTMUIHOCTH.



I'taBa 9

JIBu>keHue 3apsiJioB B
3JIEKTPOMATrHUTHBIX IIOJISIX

[lepeiiiém Temepb K pacCMOTPEHHIO, Ka3aJoch Obl, Hambojee
IpOCTOr0 MOMEHTa B TEOPHH 3JICKTPpOMal'HETU3Ma — K OlIUCa-
HUIO JIBUYKCHUS 3aPSAAKEHHBIX YACTUIL B JTEKTPOMATHUTHBIX I10-
JISIX. DTO YK YUCTast MEXaHUKA, U CIOPIPU30B OBITH HE JOJIZKHO.
Ho tak s 3107

Pazmenenne Ha 371eKTpudecKne 0 MATHATHBIE CHJIbI — YCJIOB-
noe. Ecim B3gTh BrOpOit 3akon HeioToHa, TO cusia (popmasibHO
TaK>Ke MOXKET 3aBUCETh U OT ycKopenwus [15]. Boobiie roBops,
moveMy HaJ0 00s3aTeTbHO MPEIo/araTb BO3MOXKHOCTh SIBHO-
I'0 BbIJeJIeHUs BCeX BHeIHuX mapamerpos? Heyzkenn y mesroro
KJacca — HedBHBIX GYHKIUN — HeT npuMeHeHusi? Cama ycjoB-
HOCTH BbIjiesienus noJieit E u B BbIHYy2KaeT OTKa3bIBATHCS OT
HAISIHOCTH, TaK KaK Pe3yJIbTAT OKA3BIBAETCS 3aBHCSIIHM OT
cucTeMbl HABJTIOIEHNsT (& 9TO CHJIbHOE OTpaHUYeHNe, HaK/IaIbl-
BaeMoe Teopueit na Peanbnocts).

Maccy Heb3st onpeaenasaTh hU3nIecKn Kak KodDPUIHeHT

155
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IPOHOPIHOHATBLHOCTH MEZKJLy UMITYThCOM U CKOpocThio [11, c.
309] (xors MareMaTHYeCKH TAKOe DABEHCTBO M MOXKET ObITh
BEPHBIM, HANPHMeD, JIJIs HEHTPAIbHBIX YACTHI[), TAK KAK TO-
rj1a Macca He ObLIa Obl HE3ABUCUMBIM (PU3UIECKUM MOHSITHEM,
a BbIparkKajach KakK MOCTYJIATHUBHOE OIlpeje/ieHune depe3 dosee
CJIOXKHOE TIOHSITHEe UMITYJIbca (He M3MepsieMOe HelmoCpe/ICTBeH-
HO, HO TOJBKO IMPHU OIPEIETEHHBIX TEOPETHIECKUX HHTEpIpe-
ranusx). CaMblii GOIBITON MPOKOJ — caMOBO3JIEHCTBIE JTIEeK-
TPOHA — BO3MOYKHOCTH JIOCTATOYHO OBICTPOTO CAMOYCKOPEHUSI
3apsijla C yBeJMYeHHeM dHepruu Jjio OeckoHednoctu. [losromy
9TO-TO He TaK CO Bceil Teopueil u ¢ JJaHHBIM “sdBJI€HHeM B YacT-
HOCTH. BO-1IepBBIX, pacCMOTpeHMe JBUZKEHUS BIOJIb OIHON OCH
(IUCTO OJHOMEPHOTO) HE3AKOHHO, TaK KAK MATHUTHOE T0Jie Oy-
JIeT HPHUBOJIUTD K “PACKPYTKe’ CaMOro 3JIeKTPOHA U K €ro TPéX-
MEDPHOMY JIBUZKEHUIO. BO-BTOPBIX, M3HAYAIBLHO HE yJIUTHIBAET-
sl CyIIeCTBY MUl (M3MepsieMblil) MATHUTHBIH MOMEHT CaMOTO
9JIEKTPOHA. B-Tperbux, ycrpemsenne pajanyca K Hyao (a — 0)
He T03BOJISIET BBIYHCIUTH HpeJea CHIbI, TaK KakK Mbl He 3Ha-
€M IIOB€/ICHHE BBICIINX ITPOU3BOIHDLIX; HAIIPUMED, €CJIU JIBUZKe-
HIEe OKA3bIBAETCs MPUHIMIHAILHO OCIUIUPYIOMUM (BO3MOK-
HO, 9TO IYTh JJIs MOJYy4YeHUs] (PU3HYECKON CBS3M MEXKIY IOJI-
KOPPEKTUPOBAHHON KJIACCUIECKON 3/IEKTPOANHAMHUKON 1 “KBaH-
ToBOMexXaHnuecKUMI’ hdHeKTaMu), TO POJTh CTAPIIAX TPOU3-
BOJIHBIX OY/JIeT BO3pacTarb, U BCe YIEHBI MOTYT OKa3aTbCs KO-
HeYHBIMHU. B-yeTBépThix, uTo 3Ha4nT 0 — 07 Heyxkenn y smek-
TPOHA HET CBOETO COOCTBEHHOTO pa3Mepa, pa3 Kak HaM B3JyMa-
eTCsI, TAK MBI €r0 U onpejessieM? A 9To ¥Ke B JIeHCTBATEIBHO-

cru’?

N3 Tabaunbl daemenTapHblix dacTuil, npuBenénnoii Deiin-
maroM [11, ¢. 319], BUIHO NPOTHBOIOJOKHOE YTBEPKIAEMOMY:
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JOMOJIHUTEe IbHAsT moIoxkuTebHast (!) uwnn orpunarenbaas (!)
MAacca HUKAK HEe CBsI3aHA ¢ HAJIMYHMEM 3apaja. A yxK u3 Kakoro
ypaBHeHUsI KaKoil Teopuu “mostyuars”’ (1) Maccy 3JeKTpoHa U fi-
mesona [11, ¢. 321] — 310 BoOOIIE ABHO M3OBITOUHAST Bepa B ab-
crpakiuu. Ocragérest BOIpoc 00 9KCHEPUMEHTAIBLHOM MO/ITBED-
JKJICHUU CYTIECTBOBAHUS SJIEKTPOMAIHUTHON 4acTH Macchl (Ha-
BEDHOE, B CTPOTOM CMbIC/IE 9TO HE MACCA, & UMILYJIbC UIH JHED-
IUsl, CBSI3AHHbBIE ¢ KOHKPETHBIM TIPOIECCOM B3aUMOIEHCTBUS? ).

Korna menanauch obpaTHble 0000ITEHNS, 1 13 HAOJIIOTa€MOT0
[IOBeIeHNs YaCTUIl B MAKpOoMacIITadax BbIBOIMIOCH UX IIOBE/Ie-
HUE JIjI MEKPOMACIITaboB, TO HE YUYUTHIBAJIOCH, 9TO 3TO OBLIO
TOJILKO CpejiHee mopejenue. Hanpumep, peaabHas TPpaeKTOPHU
MOXKeT OBITh OBICTPO OCIUJLINPYIOIIeit. KpomMe TOro, HUKTO He
y4éJ1, 9TO U3 MOBEJCHHST DOJIBIIOI0 YUC/AA YACTHUIL TIKEJI0 HC-
KJIIOUUTh UX B3auMojeficTsie (He M3BECTHO, KAK ITO CJIEJIATD,
ecIM 3apaHee He 3HATh TOYHbIe MCKOMBIE 3akoHbl). CiegoBa-
TeJIbHO, BEIOpaHHOe “0000IIeHne” Ha MMOBeJeHNe OTAeIbHON 3a-
pH)KeHHOﬁ JaCTUIbl — OJHa U3 OT'POMHOTO YHCJIa TUIIOTES.

K BBIBOJLY TEpMOMOHHOT'O TOKAa B BaKyyMe MeXK;y JIBYMs
wiacTuHamu |6, maparpad 11, ¢. 61| ecTh psig MeTOAMYECKIX BO-
pocoB. Bo-TepBhIX, 3TO yiKe He cTaTUKA, a JIBUKEHHUE, U MMOITO-
My HaJI0 PACCMATPHUBATH HE 3JIEKTPOCTATUICCKUE CHUJIbI, 8 MOJI-
HbIE CUJIbI U 3aBUCUMOCTU. BO-BTOpBIX, cunrarh vg = 0 — o1-
bonapHas runoresa u orpaHUYCHUE HA PEKUM (CKOpee vy = vr
- TemsioBas). B-Tperhux, caurarh g—i =0 npu z = 0 - onaTh
POM3BOJIbHAS TUIOTe3a. He ToBopst y:Ke 0 TOM, YTO MEXKIy
9JIEKTPOJIAME HAXOJATCS 3aPAYKEHHBIE YACTUIIBI OJHOTO 3HAKA,
9TO MCKAazKaeT MUTOTOBOE HOJIe (M 1MOJie CaMUX 3JEKTPOJOB), a

9TO He YYTEHO.

13 cummeTpun Kys10HOBO# bt (~ 1/7?) HUKaK He caemyer



[rasa 9. /IBukenne 3apsijioB 158

Takast yKe (IapoBasl) CHMMETpPHsI Ha MAJIbIX PaccTossHusAX. Ha-
[pUMEP, €CJIM YaCTUIbl HechepuiecKue Wiu ¢ HepaBHOMEPHbBIM
pacrpefieieHUeM TJIOTHOCTH, TO OTKJIOHEHWS OT CAMMETPHH Ha
MaJIbIX PACCTOAHUSAX OYAYT 3aMeTHBI, a Ha OOJBIMUX PACCTOS-
HUAX 3aBUCUMOCTD OyJIeT IPUO/INKATHCH K CHepruyecKoit cum-
MeTpur. 10 ecTh CJIOKHOCTH MHUKDPOJBUYKEHWI MOYKHO TaKiKe
OBITATHCA YI€CTh HECUMMETPUYHBIM CTPOCHUEM YACTHIIL.

U reostorust apeitcpoBOro IBUKEHHS J1aKe B HEPEJIATHBUCT-
CKOM Cjiydae 00/1a/1aeT CTpaHHOCTsIMU. Bo-miepBBIX, OHO HE 3a-
BHCHAT OT MAaCCHhI, TO €CTh OIHH M3OBITOYHBIN IJIEKTPOH MOXKET
3aCTaBUTH JipeiipoBaTh TOHHY BellecTBAa — SBHOE MPOTHBOPE-
que ¢ HabJIoieHusAMu. BO-BTOPBIX, JJId HEPIEH UK YIS PHBIX 110-
JIeii CKOPOCTDH Jpeiida 3aBUCHUT TOJIHKO OT OTHOIIEHHWS HAIIPSI-
JKEHHOCTel QJEKTPUICCKOTO U MalrHUTHOT'O IOJIE W HEe 3aBUCUT
OT UX aOCOIOTHBIX BEIUYHH; CJIeJI0BATEIbHO, IIPH CKOJb YIOI-
HO MaJIbiX (camux 1o cebe) MOoJIgX MOKHO 00ecnednTs apeiid ¢
OouibIoit HabJ/II0/1aeMOil CKOPOCTHIO — TOXKE SIBHOE IPOTHBOPE-
qre ¢ HabIoneHuaMu. A BeJb apeidoBas CKOPOCTh €CTh CTPO-
roe CJIeICTBIE U3 ypaBHeHuii ms cuiibl Jloperia (pu onpeje-
JEHHOM KoubUTyparuu noseii). To ecTh OmgTh 4TO-TO He Tak ¢
cusioit Jlopenna.

Bosmoxkno, B onmbiTax PenTrena, DiixenBasbiaa u Buibco-
Ha [6, maparpad 113, c¢. 553| HamO yuecTh KOHKPETHBIH Mexa-
HU3M IMOJIAPU3alUOHHOIO I10JIA (,ZLBI/I}KGHI/IG B IIOJIE H n neH-
TPOGe:KHOU cuibl) u Jpeiida B cKpeneHHbX moJsax (addert
Xouta), onuparmmuiics Ha MUKPOCKOIMYIECKOe CTPOEHNE Bellie-
CTBA U1 HECOBMEHIEHHOCTD 3ap:10B. He crouT npukpbiBaTh-
ca wieamu lanunes o0 OJUHAKOBOCTH 3aKOHOB B HHEPIHAIb-
HBIX cucTeMax. Bejb pedb 11a 00 M30/IMPOBAHHBIX 3aKPBITHIX
UJIEHTUYHBIX CHCTEMaX, a He 00 OTKPBITHIX U B3aHMOIPOHUKA-
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formux. Ho ¢ m3ongmnmeit or MarauTHOrO U, TeM 00Jiee, IpaBUTa-
IHOHHOTO 1oJIeil ecTh mpobsieMbl. HempoBepeHHBIM TOCTY /TATOM
0CTaéTCsl He3aBUCUMOCTD BEJIUYUHBI 3apsia € OT IBUKEHHUs CH-
crembl orcuéra. CTpaHHO, YTO HATJISITHO MOHATH TPeodpa3oBa-
He HoJIed (1 CHJI) MOXKHO TOJIBKO /IS OJHOIO YACTHOIO CJIydast
E = 0 |6, naparpad 115, ¢. 560|. /1a u ”HBAPHAHTHOCTH 3AKOHOB
9JIEKTPOJIMHAMUKH He TPOBepeHa (y7K HUKAK He SKCIePHMEHTOM
Maiikenbconal). Bo3MOXKHO, TPUHSITHE MHEPIUATBHBIX CBOWCTB
9JIEKTPOMATrHUTHOTO TOJIs TPUBEJIO Obl K 00JIee MOHSITHBIM WH-

TeplpeTanusaM.

Crporo rosopsi, 3akon Kymona mpenrmosaraer, 9To Bce 3a-
psiibl oKosiTcsi. Ho Beb cpemusisi ckopocth Tena (=0) He
MeeT OTHOIIIEeHUA K CKOPOCTAM 3apd/10B (KaK MHWHUMYM, 3TO
reriosbie ckopoctu!). A nockosnbky CTO npeanosaraer npeo6-
pasoBaHUe CHJI, TO HaJau4dne v; # O IPUBOJUT, HALIPUMED, K CH-
CTeMAaTUYCeCKOMY H3MCHCHHUIO BCJIUYUHDLI CUJIbI IPHTAXKCHNA
3apSYKeHHBIX TeJI IPU YBEJNYEHUN UX TeMIepaTyphl (a Bejb 3a-
DSIJL ONIPEJIESISIETCS MEHHO Yepes3 3Ty CHJIy npuTszkenust). [1o-
JIy9aeTcs, Hy’KHO HOCTY/JIMDOBATh M3MEHeHHe 3apsiia (Benb u
CTPYKTYDY 3apsKeHHBIX YACTUI[ ¥ UX BHYTPEHHHE JIBUKEHU
MBI TOXKE He 3HaeM)?

Ha done nmonnoro gormarusama 3amMmevdaTesbHa yrKe caMma, 11o-
LBITKA U300pazkaTh JABUZKYIIUECS CUJIOBLIC JIMHUU OT JIBUIKY-
muxcs 3apsaiaos |4, ¢. 166,171,172,174|. Ho 6bL10 651 enié 6oJtee
[OJIE3HO TOCTABUTH BONMPOC (THIOTE3Y € MATEKO HIYIIAMH O~
CJIEJICTBUSIMU) O HATTMYHH Y 3JEKTPOMATHUTHOTO MOJIsT HHEPIIU-
abHBIX CBOMCTB (B ayxe [ammmest).

Korja B ypaBHEHHH HECKOJBKO MapaMmeTpoB, To dpasa [4,
n.6.1, ¢. 190] o Tom, uro noist E uw B me 3aBucar or v cra-
HOBUTCSI CIEKYJATHBHON: Kpome mHpeobpa3oBaHHsI moJieil Ha-
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JI0 YIIOMSHYTH BO3MOKHOCTD MOJICTAHOBKH 0OPATHOTO PEIIeHHs
B(r,t) = B(r, t(ro, vo,v,r)) u T.1.

Ouenb CTPaHHO “BBIBOINTH CBONCTBA MATHUTHOTO TIOJISI, HC-
XO/[sl U3 BBIJLyMaHHOT'O PACIOJIOZKEHUsI U CBOWCTB CHJIOBBIX JIU-
Huit [4, 1.6.2, ¢. 196] (HanpuMep, HEU3BECTHO, KAK MPOUCKOIUT
3aI10THeHe OECKOHEYHOTO MPOCTPAHCTBA CUJIOBBIMHU JIMHUSIMHE
npu BKIoYenun noJs!). Ousars “u3siaedenne” nuddepeHnuaib-
HOW YaCTW W3 WHTErPaJIbHOTO PABEHCTBA HE SIBJISIETCS €JMH-

CTBEHHO BO3MOZKHBIM.

[Tosryaaemoe obriiee periieHre C MOMOIIBIO TTOTEHITNATIOB HE
Beerga aét oreer [4, m.6.3, c. 202|, uro rooput 06 orpaHuYeH-
HocTH JguddepeHnuaabHoro moaxoqa. llo cyru, omnpenenenue
BKJIA/[a OT OTJAEBLHOTO 3/IEMEHTA TOKA HEBO3MOYKHO OHO3HATHO
(1 mpejicTaBisier coboit THIOTE3Y ), MOITOMY MPeINIOUTHTETbHee
BBOAUTHL MHTEI'PpaJIbHOE 110JIe Yepe3 SKCHepI/IMeHTaﬂbeIﬁ 3aKOH
Buo-Caapa.

Ob6parum BHEMaHWE, 9TO 0OpATHBIN 3HAK KOI(DPUIHEHTOB
Xoumna [4, 11.6.9, c. 222| aBisiercst, (DaKTHIECKH, OTPOBEPIKEHN-
eM o0menpuHaToil saekrpognaamukn (n Beeobiroctn CTO):
HALPABJIEHUE TOKA U €r0 BeJUIMHA U3BECTHBI SKCIEPUMEH T b-
HO, crsta AMiiepa (BKJII0Uast €€ HallpaBJIeHne) TOKe MOXKeT ObITh
ONpeJIeIeHa SKCIEePUMEHTATBHO (MMITYJIbC JOJZKEH COXPAHSITh
Csl), € HOCUTEJISIMU JIEKTPUIECTBA TOKE €CTh OMPEIeTEHHOCTh
(Merann we “mepenoszaer”). I BAPYT HECOrTaCOBAHHOCTh U B
Besimanae u enié B 3uake 3pdekral Tak 4ro B Mukpomupe
9JIEKTPOJIMHAMEKA SIBHO OFPAHHYEHA 110 ODJACTH ITPHMEHHMO-

cru (naze npubanKEHHOI!).

Snaunre/nbHasg 4aCTh 33729 JIEKTPOJUHAMUKHI UCIOIH3YET
9ETKO ONpe/IeJIEHHbIE TPAHYCIOBHsL (MM YCJIOBHs Ha OeCKOHEY-
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HOCTH), U C 9TOW TOYKH 3PEHUs] CTPAHHO, KOTJA [PU MEPexXo-
Jie OT HHTerpagbHON (POPMBI 3aKOHOB U ypaBHeHHiT (HampuMeD,
Kysona, Makcpesuta u 1p.) K auddepennuaibaoit popme cau-
TAETCs, YTO YPABHEHUS CTAHOBATCS BOBCE HEUYBCTBUTE/IHHBIMHU
kK [.V. (k 06bémy). Kak Gyaro dbpasza “nponsBosbHbiil 00bEM”
ABTOMATHYECKH UCKITIOYAeT Meblil Kiace pYHKINM, 3aBUCATITIX
OT Pa3MepoOB CHCTEMBI.

[TorsiTHe paBHOJEHCTBYIOMENR cUIBI B HRIOTOHOBCKO# Mexa-
HHUKE XOPOIIO paboTaeT B IPUMEHEHUU K TOYEYHBIM OObLEKTaM.
Herogeunsie 06beKTH TPEOYIOT MOIOJIHATEILHOIO HCCIEI0BA-
HUS: CM., HAI[pDUMEP, CJOYKHOCTH C JPeiPOBBIM JIBHIKEHUEM.
Oupeesienne yaeabHOTo 3apsijia sjaekrpona |8, .89, ¢. 400] (xo-
Ts1 ¥ COLJIACOBAHO C JIPYTUMU IIOHSITHSIMU ) OITUPAETCsT Ha BHIGOD
BbIpazKeHus Jiia aeicrByomeil cubl (cubl JlopeHna ¢ passe-
JIEHUEM €€ Ha JIeKTPUYECKYIO ¥ MATHUTHYIO KOMIIOHEHTHI ), T.€.
CBA3aHO C BBeAEHHBIM onpeaenenuem noseir E u H. A x onpe-
JEJICHHIO CAMOT0 3jIeMenTapHoro 3apsaa |8, n.90, c¢. 404| Bceraa
ObLIO MHOTO CIIPABEIJIUBLIX BOMPOCOB, TAK KAK METOJ HUCIIOJIb-
3yeT HeIIpoBepsieMble AIIIPOKCUMAIUN BCEX BeJIMYUH K 00-
JACTH MaJIbIX 3HAYCHUIN.

[ToHsITHST 9EKTPOMATHUTHOTO HUMIYJIBCA, JJEKTPOMATrHUT-
HOM sHeprunm u Maccwl [8, m.91, c. 408] GbLIM BBEIEHBI emié
KJIACCHIECKOI 3JIeKTPOIMHAMKKOMN, 3a4eM yKe aBTOp yueOHUKA
JAaéT “ouepesiHyI0 IPUCSTY” TEOPHH OTHOCHTEJBHOCTH (Belh €6
npuopurera 3jech Her!)? PelfHMAH YeCTHO BHIEN TPOBIeMy B
TOM, 9TO HUKAK HEBO3MOYKHO COTJIACOBATH MEXK Iy 00O dmnc-
JICHHBIE 3HAYEHHS JIEKTPOMAIHUTHON U HEIJIEKTPOMArHUTHOM
Mace 3JMEKTPOHA (Y4TO O3HAYAET HMPOTUBOPEIUBOCTH COBPEMEH-
HO¥i 3ekTpouHamMuKn!). A y CuByxuHa BCE “31eMeHTapHO”: [0~
JyMaertb Koaddurment 4/3 - mpocTo 0TGPOCUM €To U IMOCTY-
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JIMPYEM BEPHOCTh TEOPUH OTHOCUTEJILHOCTH (& BCE HECODJIACO-
BAHHOCTH HPUAETCS OTHOCHTH K OYJYIIUM HOCTYTHPOBAHHSIM),
XOTsI 9TOT (paKT JIOTHIHEe ObLIO OBl cunTarh “mpokosom” CTO!
J1s1 9J1eKTPOMAarHUTHOTO pajinyca 3JeKTpoHa Toxke B [8, 1m.91,
c. 408 Bcé mpocro: orbpocum Kodbbdunment 2/3 u em@ “npu-
KpoeMcsi” KBAHTOBOH MeXaHUKOH (4TOOBI 3alpeTUTh HUCCIIeI0-
BaTeJIsIM B 3TOM O6ﬂaCTI/I AazKe MbITAThCA pellaTb JJICKTPOdU-
HAMUYIeCKHe 3a7a4n!).

Crocob BBeieHusI BhIpazKeHus s geiictsus |5, .16, ¢. 69]
YACTHUIBL B [OJI€ HATJISTHO JIEMOHCTPUPYET “MOATOHOYHBIN (IT0-
CTYJATHBHBIN) XapakTep” 3T0ii nporeLypsl. Bo-mepBoIx, mocry-
JIIDYETCsl a/JINTUBHBIH Xapakrep JeficTBus (JeficTBIe 1Jist CBO-
GOMHON YACTHIBI ILIIOC YIEeH JIJIS B3AMMOJAEHCTBUSA ¢ MOJIeM).
Bo-BTOpBIX, TIOCTY/IUPYETCH BBEJACHUE JIBYX XapaKTEPUCTHK —
3apgaga u 4-BekTopa (HM W3 KaKuUX OOIIUX MPUHIUIOB 3TO He
CJeJIyeT, TaK Ke KaK ¥ OTCYTCTBHE HHBIX YJEHOB, HAIPUMED,
CKaJISIPHOTO, 9TO M MPU3HAIOT aBTOPbI yueOHuka). [Toka we j10-
Ka3aHa HU OJHO3HAYHOCTH (€€ HeT) TAKUX ONpeIeeHuil OTeH-
[IMaJIOB, HU HEOOXOMMOCTh MMEHHO TaKOil X (hbOpMbI, HU JI0-
CTaTOYHOCTh TAKHUX OINpeIeJeHHil /g IMOJHOTO M aJIeKBATHO-
ro onucanus Ilpupogst. Jasee B |5, n.17, c¢. 71| “BeiBoguTcs’”
ypaBHEHUE JIBUZKEHUS, BBOJAATCH OUPENEJEHUS JIJisi HEKOTO-
poix “OykoBok” E m H, HO HeT cOBepIIeHHO HUKAKHUX JI0Ka3a-
TEJILCTB, YTO 9TO M €CTh UMEHHO T€ TI0Jid, KOTOPbIe Mbl H3Me-
psieM.

[TpobGsiemsl, cBsi3aHHbIe ¢ ApefidoM (He3aBUCHUMOCTH OT M,
or Besimand E u H upun E/H = const u aAp.) B HepHEHANKY-
JIIPHBIX TOJIAX 3aCTABJIAIOT MPEINOJOKUTh TPUHITUTHAIBHYTO
HECTPOTOCTb M HHBIX (DEeJSATHBACTCKAX M HEPeaSTHBHCTCKHUX )
pelleHuit ypaBHEHU COBpEMEHHOU JIEeKTPOJUHAMUKHU ¢ CHUJION



[rasa 9. /IBukenne 3apsijioB 163

Jlopenna.

Crpanno, korypa B |5, .26, ¢. 95| u3 aByX oupeieseHuii
E u H “nosygator” aBa ypaBHEHUS B3STHEM POTOpa U JIH-
BepreHnuu. Bo-1epBbiX, TAKUMH JIEHCTBUAMU MOYXKHO TOJIBKO
YMEHBITUTh KOJHYECTBO MH(MOPMAIUH, a He YBeJUIHTh. Bo-
BTOPBIX, 3TO OCTAETCsT (POPMATHHO-MATEMATHIECKIMHI OTIEPAIN-
AMN (KOM6I/IH3J_[I/IHMI/I) C CUMBOJIaMU, HUKAK H€ CBA3aHHBIMU C
KaKAMH-TI00 9KCIePUMEHTAJIbHBIMHI 3aKOHAMHI (DUBUKHU. YIUB-
JIdeT TaKZzKe CbaHaTI/ILIHOG CTpeMJIeHEe K 3alluCHu B qupréXMep—
HBIX 0003HAYEHUAX, €CJIH U3 HUX BCEro JINIIb “BHIHO, UTO HMe-
IOTCSl BCETO YeThIpe HE3aBUCHMBIX ypaBHeHUs?” (MOYKHO MOy-
MaTh, TO YKe caMoe He ObLIO BUJHO U3 IePBOHAYAIbHON Iapbl
ypaBHeHuii MakcBesna).

[Tpu BBHIBOJIE MMOJIHOTO JAeficTBHS U JIeHCTBUS JJIS SJIEKTPO-
MATHHTHOTO 1oJist |5, 11.27, ¢. 97| geraeTcs HECKOIBKO HEOBOCHO-
BaHHBIX MMOCHLJIOB. Bo-TiepBBIX, mpejnoaraercs aaIuTuBHOCTh
JefcTBAA 1O YaCTUIAM W MPeICTABUMOCTb B BUJE CYMMBI OT-
JEJbHBIX CAAraeMbIX [IA YacTHIL S, Hoad Sy U B3auMojeil-
crBust Syp (TO €CTH HEM3MEHHOCTDL Sy, IPH BKJIIOYEHHH LOJS,
a TaKzKe Hem3MeHHOCTb Sy IPH BHECEHUH DPeaJbHBIX YACTHII).
Kpowme Tor0, HA0 yUIecTh pa3andne MexK 1y TPOOHBIM 3apsiIoM
U pealbHbIM (KpaTHBIM €). Bo-BTOpPBIX, uT0 370 3a dbukmus —
OTJICJIBHOE JICUCTBUE JJIA IIOJIS, €CJIM PEaJIbHO ONPEaeUuTh Ha-
JAYHe MOJd MOXKHO TOJBKO IPU €ro B3auMOJeHCTBUM ¢ MaTe-
pHUAIbHBIMU 0O0beKTaMu! B-TpeTbux, NPHHIUI CYHEPIO3UIUN
BepeH TOJbKO B BAKyyMe U MPUOJINKEHHO BepeH JIJIsT INHEITHbIX
cpeji, a B O0IIEeM CJiydae HeJIMHEWHBIX CPeJi OH HE BHIIOJIHSET-
cs. CiregoBaTesibHO, TpeOOBaHHe KB IPATHUIHOCTH AeHCTBHS 110
oo (Juist nostydenns JuHeHHbX TuddepeHnagibHbIX ypas-
HEHWil) BEPHO TOJBKO B BaKyyMe (& CTOUT JIM JIJIst 3TOTO OYEeHb
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JaCTHOI'O CJIy4dad I'opoduTb CTOJIbKO MaTeMaTI/IKI/I?).

Boobiiie roBopsi, B TeOpuu OTHOCUTEIHHOCTH ITPUHITUII HAU-
MEHBIIIEro JICHCTBHUS He padoTaeT MPUHIUIHAILHO. BO-IepBHIX,
nepemerrbie B CTO He gBIg0OTCS HE3AaBUCUMBIME, a CBsI3a-
HBl BBIIyMaHHBIM “HHTepBajioM’. Bo-BTOpBIX, duKkcanus Impe-
JTeJIOB MHTETPUPOBAHWS 10 BPEMEHH W 10 KOOPJAWHATAM ITPO-
THUBOPEUYUT CAMON HJie€ PEJISTHBU3MA — 3aBHUCUMOCTH BCEX Be-
JIMIUH OT OTHOCHTEJIBHOM CKOPOCTH JiBUKeHHUs. B Tperbux, us
pPaBeHCTBA HYJII0 WHTErpaJja JAefCTBUs MOYKHO MOJIYIUTH MHO-
JKECTBO PA3HBIX MO bHHTEIPAJIbHBIX BBIPAXKEHUH, HHTEIPAT OT
KOTOPBIX JAET HOJb. B-4eTBEPTHIX, B PEJATHBUCTCKON Bapua-
U JAefiCTBUS MO/l HHTEIPAJIOM CTOUT CKAJISPHOE MPOU3BEICHUE
4-BEeKTOPOB, M3 PaBEHCTBA HYJIIO KOTOPOTO BOBCE He 00A3aHO
CJIe10BaTh PABEHCTBO HYJIIO O/HOM u3 KommnounenT. Kpome Toro,
YTO PeIeHne OKA3BIBAETCS HEOJIHO3HAYHBIM (¢ TOUYHOCTHIO 10
JOOBIX OPTOTOHANBHBIX K 0Z' CJIaraeMblX), CAMH 3TH BEKTODA
MOT'YT OBITH OPTOrOHAJILHBI. B-AThIX, B peagruBuiMe (hyHK-
st JIarpaHka JIOJKHA COCTOSITh U3 HHBAPHAHTOB (MCTHHHBIX
CKaJISIPOB), & TPUPAIIEHNE K JII000MY 4-BEKTOPY BCETa OPTOro-
HAJbHO 9TOMY 4-BekTOpYy (moBOPOT). TakmM 06pa3zoM, BBOJAUTH
B CTO jeiicTBue HET HUKAKOT'O CMBIC/IA, TAK KaK OHO BOBCE He
HMeeT SKCTPeMyMOB (6e3pa3jinaHO K BApHANUAM — BCETa TOXK-
JeCTBEHHBII HOJIB).

Pesyabrarst CTO u coBpemenHOii (peasTuBHCTCKOI) 971eK-
TPOJMHAMUKHA JIJIS JIBUZKEHUs] B KyJOHOBOM moie [5, m.39, c.
130] coepriierHO HeyIOBIETBOPUTENBHBI: ecn Me < a, toe M
- MOMEHT MMIIYJIbCA YaCTUIIbl U o = €€/, TO 4acTHIa 1aJ1aeT
Ha TeHTp! Yike gaxe 6e3 yuéra msiydenus! dromy “pesyibra-
Ty” siBHO mpoTuBopednT Best [Ipupona (cTrabuabHOCTH ATOMOB H
Mosteky.1). CTpaHHO TaKXkKe B 9TOM “pelleHnn”, 4TO IaCTUIA Ta-
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JlaeT Ha MEHTD 32 KOHEYHOE BPEeMs, HO TP 3TOM Da/IhajIbHAS
KOMIIOHEHTa UMITY/IbCa cTpeMuTcs: K 0eckoHeunocTu! To ecth
YACTUIA OTHOCHTETBHO MeHTpa Oylaer umerh Geckonednyio (!)
KUHETHYIECKYIO SHEPTHIO (HO SHEPIHsl BCell CHCTEMbl OCTAHEeTCs

KOHEYHOTH ).

Ecyim 3apgapl cOBepIIAlOT JBHKEHHE B KOHEYHON 0bJiacTu
MPOCTPAHCTBA W HMMEIOT KOHEYHBIE WMIYJIbCHI, TO ITO BOBCE
HEe 3HAYUT, YTO JBUIKEHNE OYyIeT MEePUOIANIECKUM C KOHETHBIM
nepuogoM: opouTbl MOryT ObITH HecousMepuMbl. Torja upu
BBIYHCJICHUU ‘CpeIHEro” MarHUTHOI'O MOJS BPeMsl YCpeIHeHusd
JIOJIZKHO ObITh OECKOHEUHBIM, &, 3HAYUT, ITO BLITUC/ICHHUE HE
IMeeT HUKAKOT0 MPAKTUIECKOTO U JTayKe TeOPeTHIECKOTO 3HAYe-
nusd. OOpaitaer Ha cedd BHEMAaHHE PACCOTIACOBAHHOCTH (POP-
mya B |5, m.43, c. 141]: ans nonyuenus 3akona Buo n Casa-
pa 3amUChIBAIOT YCPEIHEHHEe TOJBKO (j), B TO BpeMsi Kak st
BEKTOPHOTO TIOTEHIINAIA TUIITYT YCPeIHEHIHE BCErO BhIPAYKEHHS.
OnHako ecim B IEPBOM CJIydae 3alUCATh BEPHOE BBHIPAaKeHUe

(A) = 23 (eavi)/ B,

c

TO cpasy OymeT BHIHO, UTO IIOTEHIHAJ] OCTaHeTcd (DYHKIUeH
BpeMeHu. AHaIOrMYHbIe 3aMedaHus O OECKOHEYHOM BPEMEHN
ycpesHeHus (a Ha yCpejHeHHH OCHOBaH BbIBOJ, (dopmyi!) u 06
YCPEIHEHUH BCEro BHIPAXKEHUSA OTHOCHTCS TAKZKE K BBIBOJLY BBI-
paykeHust JIsi MarHuTHOrO MOMEHTa cucteMbl. CieaoBareib-
HO, KPOMe BBIITMCAHHOTO BhIpazKeHUs (MPUOIU3UTETHHO BEPHO-
ro JJIst BCEX YTJIOB MEXKJY BEKTOPOM MArHUTHOTO MOMEHTa 1
pajnycoM, KpoMe yIJIOB BOJIHM3M HYJIs) BCerja OyayT HpUCyT-
CTBOBATD CHIE¢ U MepPEeMEeHHBIe WICHBI. e »Ke 3aMedanud OTHO-
CATCS K MOMEHTY CHI.
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Bompoc o HeoOxoauMocTH yuéTa caMOBO3JefiCTBAA 3apdia
IpH TOPMOKeHHH u3sydenueMm |5, m.75, c. 268| ocraérest or-
KDBITBIM, BeJb JIJIs BHEITHEro MOJIs BCe 4ieHbl B cuie Jlopen-
I[a BBOJWJINCH IIO OIPEIEJIEHHIO (TO eCTh C TpeTeH3nell Ha
crporoctb). K ucnospzoBanuio npeobpasoBanus MOTEHIMAIOB
BO3HHKAIOT BOIPOCH 00 nX (pU3MIecKOi 0OOCHOBAHHOCTH U
eIMHCTBeHHOCTH perenus. He mpopaboTan Takyke M KOCBEH-
HBIIl BOIIPOC: TIOYEMY TJIe-TO HAJI0 YIUTHIBATH TOJBKO SBHYIO
3aBUCUMOCTH OT KOOPJAWHAT MPU B3SITUN YACTHBIX MTPOU3BOIHBIX
(aro Maremarnuecku BepHO!), HO Koe-Tae 00 ITOM “3a0BIBAIOT”
M 3aMEeHSI0T YACTHYIO Ha MOJHYIO MPOU3BOJHYIO (HCIOJIB3YIOT,
HanpuMep, MpeoOpPa30BaHUsA, TO €CTh HEsIBHYIO 3aBHCHMOCTB).
[ToCKOJIBKY cHCTeMA TP U3JIYUYEHUH TepsgeT IHepruio (He cTa-
[IMOHAPHA), TO €CTh CYIIECTBYeT KOHeuHOe BpeMst Ty, To oThpa-
ChIBAHWE TPU YCPEIHEHUN KOHEYHBIX TeIephb yZKe 9UJIeHOB, CO-

Jep2KaIinx
1 d

T, ) dt

JIaéT auIb npubanzKEénnoe Bpipazkenue. To ke 3amMedanue OTHO-

(...)dt

CUTCsI K CpeJiHelt TToTepe MOMEeHTa UMITY Ibca. MozKHO Jin BOOOIIIe
IIPUMEHSITh CUJIY JIYIUCTOI'O TPeHUsl K W30JIMPOBAHHON YacTHU-
1me — OOJIBIION BOTPOC.

CamoyckopeHnne 3apsiia B “CTporoii’ cOBpeMeHHOI 3JIEKTPO-
JIUHAMEKE JOKA3BIBAECT €€ HeCTPOTOCTh. M ceKyJIsiuu, 9To u3-
3a OECKOHEYHON COOCTBEHHOW 3IeKTPOMArHUTHOW MacChl BCe-
o JIMIIb HPOU3BOJIMIOCH “BbluMTaHUE JBYX OECKOHeYHOCTEM”,
He paspemaior MnpodjeMy, a JHUIb MOTYEPKUBAIOT Oeccuiue B
JaHHOM Bompoce. [loaToMy 0ocTaéTcss OTKPBITBIM H BOIPOC O
BO3MOKHOCTHU KOJIMYECTBEHHOI'O IPUMEHEHHUs Pe3yIbTaTOB MpH
HAJIUYUN TI0JIel: HEYKeJIn BOCCTAHOBUIACH CTPOTast KOPPEKT-
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HOCTH “BbIUHTaHHsI OECKOHeuYHOocTeil’ upu p00aB/ieHHd KO-
HEYHOTO 1015 (B 6ECKOHETHOE THCJI0 PA3 MEHBIIEro OecKoHed-
wocru!). B 3amave x [5, .75, ¢. 272| o majenuun Apyr Ha apyra
JIBYX MPUTATUBAIONIUXCS 3aPsI0B oOpalaeT Ha cedsd BHUMaHKe,

4To ec/u ,
21E| M
;=3
po
TO U3MEHEeHUe YHEePIun
d|€|
=0,
dt
B TO BpeMd KaK U3MEHEHNEe MOMEHTa IMPUCyTCTBYET
dM 20
dt
(3mech p - mpuBenEHHAS Macca, a = |ejes|). Takum obpasom,

TOYHOCTDL pe3yJjibTaTa U 00JIACTEL ero IPUMEHHMOCTH OCTalOTCA
HEeNn3BCCTHBIMU.

Hectporoii sBasieTcss TakyKe MOIBITKA ODOOIINTH IOy YeH-
HOE HECTPOTr0e BBIPAZKEHUE JIJIsT CHJIBI HA CJIyUail OOJIBIMNUX CKO-
pocreii |5, 11.76, c. 273 oguuM HOPMAIBHBIM CBEJICHHEM BbIPDa-
JKeHHS K 4-BEKTOPY U HCIOJIB30BAHUEM HMPEeIeIbHOTO 3SHAYEHHSI.
CoMHeHHUsT BBI3BIBAECT MPUMEHHMOCTH JAHHOTO BU/IA CHJIBI TOP-
MOYKEHHUSI M3JIyIeHHeM B TOM CJIy4ae, KOTIa 9Ta CHJIA IPeBbIIIa-
er cuty Jlopenna, u “mokazare/ibcTBO” Ipeodpa30BaHUeM CHJT —
BCErO JIMIb PEJISITHBUCTCKAsT Bepa. (3aT0 MpuMedaTeabHoO, 9TO
MOTEPH SHEPTUH IIPH OOJIBIINX CKOPOCTSIX ITPOMOPIHOHAIHHEL
KBa[paTy HEPIUU — HAMOMHHAET AHAJOTUIHBIN Caydail B ru/I-
POJIMHAMUKE TIPH JIBUKEHUN CKBO3b CPEJy. )

Yacrora paccessHHO# BOJIHBI JJIsi CBOOOTHBIX 3apsa0B B CO-
BPEMEHHOM 3JIeKTPOIMHaAMUKE 110 3aKOHY COXPaHEHUS UMITYJIhCa
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JIMIIb TPUOIMZKEHHO MOXKET COBIIQJIATh € YacTOTOH Iajalontei
BOJIHBI (MHA4e, Tak Kak F ~ w, TO 9Heprus He MeHsIach Obl,
a UMIIYJIbC-TO MeHsIeTCsl ). BechbMa CTPaHHO BBILJISIAT (B COBpe-
MeHHO# sJieKTpognHaMuke) B [5, n.78, ¢. 281] dbpasa, uro B 1ol
cucreme, rje v = 0 yacrtuna ne usJjydaer. Bo-1epBbix, yzK ecjun
“U3JIydeHne TOILIO OT YaCTHILI’, TO OHO JIBUXKETCS CO CKOPO-
CTBIO ¢ W TIPHU Tepexoje K J0oi cucreme, TO €CTb, MO CYTH,
Ipu JIOOBIX CKOPOCTSIX v < ¢ SHEPrHus TaKzKe JIOJKHA “Tednb’
OT YaCTUIBI. BO-BTOPBIX, MPH TAKOM TEPEXOIe CKOPOCTh 3apsi-
jga v = 0 Oyaer TOJBKO B OJHO MIHOBEHHE, MHAYE MbI JI0JIZK-
HBI ObLIH Obl TepedTH K HempepbiBHO “Opbiratomnieil” (HenHep-
[UAABHON) cHCTeMe 0TCU6Ta, a JJisk TAKOTO CJIydasi BCe BBIBOJIBI
dOpMyT SIBHO HecHpaBeIUBLI. B-TpeTbHX, CTPAHHO CUUTATD,
YTO “BEChb TepAeMBblil Ma arolieil BOJHONW UMIIYJIbC HOTJIONIAeT-
cst” ¢BoBOsHON wacTuneidl (Torma HaJO TOBOPHTH M O IOTEPSIX
SHEPIUU B BOJIHE). JLJIsl peajbHBIX aTOMOB U MOJIEKYJT (COCTOsI-
IUX U3 HECKOJIBKUX 3aPAKEHHBIX YACTHUIL) HPOIECC PACCESHUS
HAJI0 CIUTATH KOJIEKTUBHBIM ITPOIIECCOM.

[Ipu onucanuu 3dpdexra Xoswta o marauraom nose H ro-
BOPIT Kak O BHemHeM mose |9, m.22, c¢. 142]. Meroguduecku
9TO HE COBCEM BEPHO, BEJib, BO-TIEPBBIX, JIjIs JIIOOOTO BHIOpAH-
HOTO 3JEKTPOHA MATHUTHOE IMOJe, CO3aBAEMOE BCEMU OCTATh-
HBIMU 3JI€EKTPOHAMHU, TOKe Oy/eT BHEITHUM, a, BO-BTODBIX, H3-
MEPUTH MOZKHO TOJBKO Pe3y/abTUpyoIue mojsa. 1Ipocro npe-
MOJIATaeTcs, 9TO B OTPAHUYIEHHOM MPOBOIHUKE 3D dekT Xosia
JuUTst COOCTBEHHOTO MArHUTHOTO TIOJIST Y7Ke BKJIIOYEH B ONpeie-
Jlenre Koaddunuenra 1npoBojuMoctu. Takoil 1ojaxoj 3aTpy/i-
HseT MOUCK 3aBUCUMOCTell W3 MePBbIX MPUHIUIOB U OTPAHUYIHU-
BaeT pe3yJibTaTbl TOJALKO HAMOOJIee MPOCTHIMU YJICHAMH PA3JI0-
kerws. Takum 06pa3oM, O CYTH, IPOCTO BBOJIUTCI HEKOTOPOE
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YHCJIO HOBBIX Heu3BeCcTHHIX dyuKIuit. CoobparkeHus, OCHOBAH-
HbIE HA 3aKOHE BO3PACTAHMSA JHTPONHUHU, 00 OTCYTCTBUU UJIEHOB
JVP,VTVP u apyrux B (popMysIax s TEPMOIJIEKTPUICCKAX
sIBJIEHUII — HeCTPOrue, Tak KaK YHCJIO UJIEHOB OOJbINE eIMHI-
Ibl, U HE JOKA3BIBAETCS, 9TO OTCYTCTBYET HEKOTOPas HUX B3a-
UMOCBS3b, IIPUBOJLIIAA K 3HAKOOIPEICJICHHONR KOMOMHAIIUN B
3aKOHE BO3PACTAHUST SHTPOINH.

B MTUJI st cooTBeTCTBHS 4YHMCJIa yPaBHEHUN W YUCIA TIe-
PEMEHHBIX (HAIMCAHHs “IIOJHON” cHCTEeMBbI) 100ABJISIOT ypaB-
HeHWe coxpaHeHus sHTporuu |9, m.65, c¢. 333]. D10 BHIISLIUT
MEeTOJIMYEeCKH HEKPACUBLIM U UCKYCCTBEHHBIM, TAK KaK CaMa JH-
TPOTHUs He U3MepsAeTCst mpubopamu (T.e. pACCMOTPEHUE 3apaHee
IpeJInoaraeT UCKyCCTBEHHbIN MOJIeTbHbIH XapakTep).

Bynyuu cB3aHHBIME ¢ TEOpPHEH OTHOCUTEIBLHOCTH, PSIJ CO-
MHHTEJIbHBIX MOMEHTOB, KaCalOIIUXCA BOIIPOCOB ,ZLaHHOIU/I T'JIaBbI
(a Takwxke ras 4, 5, 6, 7), H0oAPOGHO TPOAHATU3UPOBAH B KHUTE
[1]; He Gyaem ux HOBTOPSTH. 36Ch TOJIBKO OTMETHUM, YTO BBHIBOJI
MHOI'HX ypaBHEHHIl (M3 BEKTODHOIO M TEH30DHOTO IPEeJICTAB-
JIeHVs1) TPeanoJaraeT eBKJIUJIOBOCTh U CTAIMOHAPHOCTH ITIPO-
CTPAHCTBa W €ro rpaHull. Kpome Toro, eciau mpesnoaaraeTcs,
110 dv He MPOU3BOJIECH, & MHTErpaJI OepETcs 0 KOHEYHOMY 00b-
éMy (HampuMep, Ha IPaHUIAX TPeOyeTCs BHIIOJTHEHHe KAKUX-TO
YCJIOBHT), TO U3 PABEHCTBAa MHTEIPAJIOB HE BCEr/IA CJeLyeT pa-
BEHCTBO MOJIBIHTEIPAJIHHBIX YPaBHEHUIA.

Urak, onucanue JBUKEHUS 3aPAKEHHBIX YaCTHUIL B COBpe-
MEeHHO 37IeKTPO/IMHAMUKE TOXKe He MOXKET CUYUTATHCA 00Pa3oM
MaTeMaTUYecKOl CTPOrocTu u (pusndeckoit 060CHOBAHHOCTH.



I'maBa 10

Marasetusm

[lepeiiiém Tenepb K aHaau3y OMUCAHUS COBPEMEHHO 3JIEKTPO-
MarHuTHOM TeopHell TAKOTo SBJIeHWs KakK MarHeTn3M. JlanHoe
sBJIEHNE W3BECTHO U3/aBHA, 32 HCKJII0YEHNEM ero 0oJiee TO3Hero
TEOPETHUYECKOTO PACIIUPEHUST HA MUKPOOOBEKTHI (UACTHIHI ), U,
Ka3aJI0Ch OBbI, 37IeCh TEOPHS JTOKHA HAXOJIUTHCA B HI€ATHHOM
cocrognuu. [TocMoTpum.

C omHOll CTOPOHBI, B y4eOHUKE TOJOCIOBHO yTBEPZKIACT-
¢4, YTO CIIMH HE MOXKET OBITh CBEICH K KJIACCHYCCKHM JIBH-
KennaMm |6, maparpad 58, c. 269]. Ho, ¢ apyroii cTopoHs,
VTBEPKIAIOT, YTO CIMHOBBIA MATHUTHBIA MOMEHT 3JEKTPOHA
MOXKHO CBECTH K JeHCTBHIO 9JIEKTPHIECKHX TOKOB (& Belb 10
bU3NIECKOMY CMBICIY OHH BBIPAZKAIOT KJIACCHYECKOE [BUZKE-
Hue 3apsanon). Ilo cyrtu, pasgenenue |6, naparpad 60, c. 281]
jmukpo = jup + jmon Ha TOK IPOBOAMMOCTH I MOJIEKY/ISPHBIE
TOKM O3HAYAET JIMIIb TO, YTO U3 TOYHOIO MHUKPOCKOIIMYECKO-
ro TOKa BBIJEICHA €ro CPefHdAs YacTb jup — MAKPOCKOMHYe-
ckas. Ouucanue ¢ IOMOIIBIO BEKTOPA HAMAIHUYEHUs (MATHUT-
HBIi MOMEHT eJIMHUIBI 00bEMa MOJIEKYJISIPHBIX TOKOB) O3HAYA-

170
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eT yCpeJHeHHe 110 [IepUo/1y BHYTPUMOJIEKYISAPHBIX JBUKCHUNH U
HECOTVTACOBAHHOCTD ITYJIbCAIUT DA3JIHIHBIX MOJIEKYJ (M CHHHOB
9JIEKTPOHOB). BrosiHe MoxkeT B 00IleM caydae CyIeCTBOBATH
mepexo/] B KOTepeHTHOe COCTOSHUE, T/e BCe MUKPOTIapaMeTPhl
He cJIydaliHbl, a COTVIACOBAHBI.

BaMeTnM, 9TO IpH ONPEIeIeHAM BEKTOPHOTO IIOTEHIUAJIA
[IpU HAJMYHU MarHeTukos |6, maparpad 61, c. 284], B obuiem
cJIydae U3 IPUPABHUBAHUS UHTEIPAJIOB

rot I 1 jMOﬂdV
dy = = [ MoATT
/ R c/ R

JUTsl MAKPOCKOIMYecKuX Besqnand (PyHKImil B Touke !) He

caenyer jyon = c-rot I. [leo B TOM, 9TO HHTErpajIbl BKIIOYAIOT
B cebs Bech 00 bEM MarteTuka Npu 3a4aHHOI ero Kondurypa-
nuu. V13 paBeHCTBA HHTErPAJIOB B OOIIEM CJIydae He CIeayeT pa-
BEHCTBO HOJBIHTEIPAJIHHBIX (DYHKIHH. DTa BeJIUIUHA jyoyr Xa-
pakTepu3yeT KOHKPETHO 33JaHHYI0 KOH(UTypaIuoo B 1e-
JIoM 111 onpegeaennsa Beuanabl A. [ToCKOIBKY jyos BXOINT
JINHEIHO B BBIPAKEHHE, TO ITO K€ jyjoy MOXKET MpHOIHMKEHHO
XapaKTepH30BaTh HEKOTOPBLIE APYyTrHe HHTerpajbHbie JUHeli-
HbI€ 3aBHCUMOCTH (pHU3NIECKUX BesnmduH. Ho yike misa Hemu-
HeiftHbIX yHKIHMHA (GU3NIeCKIX BEJUYNH) MOJACTAHOBKA 3TOTO
JMoa MOXKeT JIaBaTh HETOUHOCTHU. Ecan Mbl 6epéM Ipyroit 00b-
ém V', 10 910 Oyzer yxke apyras 3agada (OmsaTh B HEKOTOPBIX
Caydasgx Jijid Heé MOYKHO BBECTH IMOJ00HBIE 1O (pOpMe TOJICTa-
HOBKH, HO CTPOIOr0 MaTeMaTHIECKOro Mepexona K IIPOU3BOIb-
HOMY 00BEMY 31ech Het!). DTO coBepIeHHO 0bIIee 3aMedanmne
KaCaeTCsl ¥ BbIBOJIA OCHOBHBIX YPABHEHU 1I0JIS HPH IEPEXOIE OT
HHTerpaJbHBIX 3aKOHOB K 1 depenimanbabiM popmam. Kpo-
M€ TOTO, B HEJIMHEHHBIX BbIPAKEHHSIX MOTYT, HAIpuUMep, ObITh
b deKTh KBAIAPATHIHBIX OCIIUJLISIIHA.
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s HenuHelHbIX cpell (M JUIJIEKTPUKOB, HANPUMED, ¢
YIOPYTUME JUTIOSIMHA, U MarHeTUKOB, HaIpuMep, ¢heppoMarte-
THUKOB) CaMa WJiesl IPUHIIAIIA CYIePIO3UIUE CTAHOBUTCSI HEBEP-
HOIl ¥ HAJI0 UCKATDH ypaBHEHUS JIJ1si 0000IEHNs YpaBHEHU 11015
Maxkcsesuia (IpUHIMIHAIBHO JuHEHHbIX ). Kazatocs Obt, omuca-
HUe JIOJIZKHO OBITH €JIMHBIM, OJTHAKO CAMO CYIIIECTBOBAHIE TAKIX
Pa3HBIX BENIECTB — MapaMarHeTuKOB, JTHaMarHeTHKOB u (heppo-
MarHeTUKOB — BBITVISJUT ¢ TOYKU 3PEHHd MPUHIINANOB TEOPHH
9JIEKTPOMATHETH3MA CTPAHHBIM (paszubie addexTs). Onsarh Mbl
BUJIUM, YTO JIJIsd OlpejiesieHus 1noJid u3 juddepeHinabHbIX
VPaBHeHHI TpeOYIOT BBINOTHEHNE YCJIOBUS HAa OECKOHETHOCTH:
HR? < oo mpu R — 0o0. Ho npn uém 37ech yemoBns Ha 6ecKo-
HEYHOCTH, CJIU BPEMsl YCTAHOBJICHUSI € TMHOTO (10 GECKOHEYHO-
cru) pertenus 6bL10 Obl GECKOHETHBIM, U ¢ SKCIIEPUMEHTATBHON
TOYKM 3PEHUs IOBEJeHUe IO0Jisd Ha OECKOHEYHOCTH CTaHOBUT-
csl He OOHAPYKUMBIM (BBIXOJUT 3a MpPeJebl TOTHOCTH JIOOBIX
upu6opos)? C Apyroii CTOPOHBI, YHCTO MATEMATHIECKH DECKO-
HeYHasl CUCTEMa TOKOB U JBHUZKEHUl B TEOPHUW MPUHIUTHATHLHO
BIIOJTHE MOTJIa OBl pAaCCMATPHUBATHCS; BCe TIOJIs, €CTeCTBEHHO, OY-
JIyT BIIOJIHE OIPEJICAEHHBIME, HO IIPOCTO BBIYUCUTD UX C TOMO-
NTHI0 OOTIENPUHATHIX YPABHEHUH 10 OY/IeT HeJIb3s — ITO MPOo-
CTO OTpaHUYEHNe BO3MOXKHOCTEN coBpeMennoii Teopuu. C 3Toii
K€ TOYKHU 3PEHUsI BBEJICHUE TIOTEHIUATOB (TPeOYIOIIX CIIe Ty I0-
niero mara auddepeHImpoBaHus U JOMOTHUTEIbHBIX YCIOBHIH,
HAIPUMe]D, KaJTUOPOBKY WU JOTOJHATE/IHHBIX TPAHUIHBIX HJTH
HAYATBHBIX YCJIOBHIA) MOKET TIPUBECTH TOJIBKO K JOMOJTHUTE b=
HBIM OIPAHUIEHUSIM Ha MTPUMEHUMOCTH TEOPUU U €€ CTPOTOCTb.
a n BooOIIE, BBe/eHUE [MOHITHS MArHUTHOM HPOHUIIAEMOCTH
JIUTsT OJTHOPOJHOM CpeJIbl TTPeIIoIaraeT, YTo 3TOM »Ke IMPOHU-
IMAaeMOCTBIO 00/1a/]al0T ¥ BCE MOJIEKYJIbl, ATOMbI U YaCTHUILBI
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BHYTpHU caMux cebsi (BHYTPH JeKTPOHA, MPOTOHA ¥ T.JI.), 4TO
SBHO MPOTHBOPEYUT JEUCTBUTETHHOCTH.

[Mpusoanmas 3anuck |6, naparpad 66, c¢. 301| monzepomo-
TOPHBIX CHJI, HCIILITBIBACMBIX MAHCTHKAMHI B BHJIE

F = (MV)B + [M x rot B]

HE MOZKET OBITH OJHOBPEMEHHO BEPHON M /I MHKPOOOHEKTOR
u J7Isi MAKpOOO'bEKTOB, TaK KAaK IPHU YCPEIHEHUHU CPE/Hee OT
dbyuknuu (npoussesieHusi) He PABHO (DYHKIUE OT CPEJHETO, a B
MHKPOMACIITA0AX U3MEHEHUs BCEX BEJIMYMH MOTYT ObITH CyTIie-
CTBEHHBIMHE, /1A U OJHOPOTHOCTD CPeJIbl, TIPHU YCJIOBHU KOTOPO
BBIBOJIATCS (DOPMYJIBI, HApYIIaeTcs B MUKpoMmaciiTabax. [Ipu-
OJINKEHHOE BbIPAZKEHUE

1
F=H" yR?
8

CTPAJAeT STUM Ke HegocTaTKoM. [loTomy, Kora mo moHIepo-
MOTOPHbBIM CHJIAM “U3MEPIOT” K U [ - 3TO OIIpeJIeJIeHne JI)is
HOBBIX 9(PEKTUBHBIX BEJUYHUH Keff U [leff, UTOOBI JelicTBHE
IPUIYMAHHO CHIABL OBLIO GJIM3KHM K PeaJbHOCTH (IIOJrOHKA
hopMBI BEIDAYKEHHUS [T CHJIBL TI0J] TEOPUIO).

CcplIKa Ha HEOOXOAUMOCTH KBaHTOBOMEXAaHHIECKOT'O pac-
cMOTpeHHs MarsetusMa |6, naparpad 68, ¢. 306] roBoput T0JTb-
KO O HECTPOTOCTHU OOINMEIIPUHATOM KJIACCHUIECKOil 3JIEKTPO-
NUHAMUAKH, & He O HeBO3MOXKHOCTH KaKOi-1nb0 WHOH mociie-
JIOBaTEBHON KJIacCHIecKon djiekTpoanHamMukn. [locie “omuca-
HI/IH77 nupeneccun 1 JuaMalrH€Tu3Ma BbIACHACTCA, YTO AUaMal-
HUTHBIA 3dderT Oyaer HAOIIOIATHCA IPU YCJIOBUU PABEHCTBA
MAarHUTHOI'O MOMEHTa aTOMOB HYJIIO. HO BeJb B OTOM CJIy49ac HU-
KaKoOii IPeIeccy 1 U3MeHeHHs MOMeHTa He Gyier (mompobyiite
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3aCTaBUTH MPEIeCCHPOBaTh Hepparnaoruiics npeamer!). Jla u
C OIHMCAHUEM IPENeCCUu Yepe3 aHaJTOTHI0 C THPOCKOIIOM TOXKe
He BCE B MOpgJIKe: HYXKHA peakiysi omopkl (!) u TOJBKO Torma
CyYMMa CHJI MPUBOAUT K MpenecCCuu (I/IHa‘{e BO3MOXKHBI MEXaHU-
qYeCKue 11oCrylare/JibHble 1 BOJIHOBBIC ,ZLBI/I}KGHI/IH). BCHOMHI/ITG,
Hanpumep, 3bdekr xanubekoBa ¢ MepeBOPOTOM BOTUIKA.

C sakonom Krwopu [6, maparpad 70, c. 317| npuxomurcs ad
hoc mpousHOCUTH psiJi “ITPABIONOAOOHBIX 3aKJIUHAHUNE O MPU-
YUHAX OTpAHWYeHHi: 0 HU3KUX 1, 0 “psje BemecTs”, 0 APYTUX
3aBUCUMOCTSX U T.J. Maruutnoe 1mosie He BIUACT HA KUHETH-
YECKYI0 IHEPTUIO COTJIACHO ODIIENPUHATON 3IeKTPOINHAMUKE H
OIMCAHUE TIPOIECCa U3MEHEHHUsT TI0JIsI Yepe3 OTOKHU ( HEU3BeCTHO
gepe3 Kakne KOHTYPbI) — 3T0 HayKooOpa3HbIii obMaH (10 roHKa
1o/ TpeOyeMbIil Pe3YJIbTAT): HEY2KEeJIU U IPU MIHOBEHHOM BKJIIO-
YeHWW W NpHU ajinabarudeckoM BKJo4Yernn 1mosiss H pesynbrat
OCTAHETCHA MPEKHUM

Tax¥ke B Kaaccudeckoit pusuke semanast M n < R? > Bo-
BCe He 00s3aHbI IPUHUMATH 3HAYEHUs] OT HyJIsl 10 OECKOHETHO-
cru |6, maparpad 71, c¢. 319] u, coorBercTBenHO, He Obs3aHAa
ObITh Kk = (. D710 uKCTO MPOOIEMBI ODIMENPUHATON TPaK-
TOBKHU 3JjeKTpoaunHamMuku. CoBepiIeHHO CTPAHHBIM BBITJIS-
JINT OMUCAHWE TTPEIECCUH MO/, IefiCTBUEM CpeIHET0 MAKPOCKO-
nudeckoro nosisi H, Besib B peajibHOCTH HAJIO YI€CTDH OIS HA
MHKpOMacITabax, KOTOpble MOTYT Ha HOPAJIKH OTJIHYATHCS OT
MaKPOCKOINYIECKOro moJid. Jla u opueHTaInuy BCeX CIUHOB TOYKe
HEU3BECTHBI 3apaHee (II03TOMY MpeJCKa3aTebHAs CHIA TEOPHH
COMHHUTEJIBHA).

B ornotrenun dpeppomarmeTusmMa Toxke HET IpeIcKa3aTe b
HOl CMJIBI, ¥ MHOI'HE BOIIPOCHI OcTarTcsa 6e3 orera. Ilouemy B
OJTHUX BeIlecTBaX CUJIBbl B3aUMO/IEHCTBUI MATHUTHBIX MOMEHTOB
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BEJIMKH, a B JIPYIUX HpeHeOpexkuMo Masibl! [lodemy He Bo Beex
BEINeCTBAX CIIHH JEKTPOHA ydacTBYyeT B yHODsiodeHun (Beb
BPANIAIONIHICS BOJTUOK JOJZKEH COXPAHATH CBOIO OPHEHTAINIO)?
[Ipu uém 31€CH OOMEHHBIE CUJIBI: JUOO €CTh BO3MOYKHOCTDH CO-
37aTh 38 CYET yHOpsiiovYeHus 00JIbIIoe CAMOIIOAAEPYKHUBATO-
mieecd 1oJie, Jiubo HeT, U HyKeH KPUTepuil He 3aJHUM YTHC-
JIOM “O0bSICHATH , & 3apaHee YMeTh Pa3Ie/siTh KJIACChl BEIeCTB.
VckyccTBeHHBIM “3aKIuHaHuEM BBIVISIAT dpas3a 00 yeToifun-
BOCTH COCTOsIHUsI HaMarumdenusi. [lo cyTu, u3 obmenpuHsToil
JEKTPOJIMHAMUKHI OKA3bIBACTCS, YTO BCE BEIECTBA IPU HU3KUX
TeMIepaTypax J0JKHbI OBIThH (peppomMarnerukamu. [loaronkoi
IO/ Pe3y/JIbTaT BBITJIAUT U ONUCAHUE ‘BelCCOBBIX obJacTeii”
(mouemy BOOOIIE TOTIA CYIIECTBYET OCTATOUHOE HAMATHHYEHUE
B HEKOTODPBIX BelecTBax, a B Apyrux — Her?). CTpaHHO, 4TO
MATHUTHYIO aHU30TPOHHIO (CYIIECTBEHHYIO) W MArHHTOCTDHK-
MO0 OCTABJIAIOT B THICATY pa3 Hojiee c1aboMy MAarHUTHOMY B3a-
HUMOIENCTBAI aTOMOB.

JIuneitabie npeobpasopanus JlopeHia u jgaxke TPUHIIMIT
CYyNepmO3uINN, KOHETHO K€, HEe MOTYT ObITh MPUMEHUMBI K
peaTbHbIM HeTUHEHHBIM cpeiaM (6BITh CTPOrUME 10 “MPUHIA-
IUATBHOCTH M HABSA3BIBATH CBOM OIDAHWYEHUS BCEM TEOPUSIM).
CaMpblil IBHBII IpUMep — SIBJIEHHE THCTEpe3nca B (peppoMarae-
TuKaX. Ho u myg apyrux cpen W gBjIeHME B HPUHIHAIHAAILHOM
IJIAHE CUTYaIWs HUIyTh He JIydie: JIo0ble N3MEHEHUsT Ompe/ie-
JISIIOTCST He TOJIBKO TEKYIIMM COCTOSHIEM, HO U BCeil mpeabic-
Topueii mporecca, Tak Kak B peaJibHbIX CpeJaX pa3Hble BO3MY-
meHns (HanpuMep, 0 4acToTe) PACIIPOCTPAHSIOTCS ¢ PA3HBIMH
CKOPOCTSIMH ¥ TO-PA3HOMY 3aTyXaloT (M MPOXOJAST CKBO3b Oa-

phephl ).

[TIo cytu, u ypaBHenusa MakcBesia TPUHITUIHAIBHO HE MO-
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YT OCTaBAThCAd CTPOTUMH U (DAKTHIYECKH CTAHOBATCS MAaJIOWH-
dopMaTuBHBIMEI: KOIMD@PUITUEHTHI CPEJIbl CTAHOBATCH (DYHKITNO-
HasaMu (DYHKIUAMI CAMOTO UCCIIEYEMOTO MPOIECCa) U TUCIIO
“Hen3BeCTHBIX CTAHOBUTCA OOJIBITIE YuCaa ypapHeHnit. 11 Tob-
KO €CJIM Mbl MCKYCCTBEHHO IIPUMEM KOI(PDUIIMEHTHI CPeJIbl 3a-
JaHHBIME (hYHKIHAME (TO eCTh JIU6O BO3BMEM MOJETbHYIO Ma-
TEeMaTU4IeCKyI0 33Ja49Ky, JIMOO yKe MOJCMOTPUM B UCKOMBIH OT-
BET), TO MBI CMOYKEM MPUOIHKEHHO TMOJYIUTH OTBET (OTCIONA,
HAIpUMep, BOZHUKAET MOJIE/Ib WJIeaJTu3uPOBaHHBIX (beppomar-

HETHKOB).

CTpaHHBIM SIBJISETCS TOHATHE OJHOPOIHON CPeIbl — KOTIa
MarHMTHAas MPOHUIAEMOCTD TOJIKHA OBITH ITOCTOSHHOW ¥ BHE
I BHYTPH MAarHeTHKAa, 9TO B PEAJbHOCTH HHUKOTJIA HE BBIIIOJI-
HsieTcs. Bonpekn 3asBsieMOMy B TEOPUU MarHETH3Ma, €/ HH-
CTBY ONHCAHHS MArHUTOB M TOKOB JayKe CHJIBI BeayT cebs II0-
PA3HOMY: JI/TsI JIBYX MAarHUTOB OHH OOPATHO MPOMOPITHOHATHHEI
[, TSI MATHUTA W TOKA — He 3aBUCAT OT [, a JJIsI ABYX TO-
KOB OHH IPONOPIMOHAJIBHBL (i (CTpaHHas acumMerTpust). s
pu = const Tamm |6, naparpad 74, c. 338] BBoaUT “HOBBHI Ba-
PHAHT’ TEOPHH, IIe YCTPAHSIOTCS IOCAeIHHE ACUMMETPHH H
YTBEPKIAET, YTO ITO JIUITh BOMPOC TEPMHUHOJIOTHH (HO 5TO —
IpU3HAHKWE, YTO B TAKOH MOCTAHOBKE BEINYNHA (i HE HMEET
dpusnyeckoro cmbicaa). ITo nocjaeHee yreepKjaenue o du-
3UYECKOM CMBIC/I€ KOCBEHHO TTOITBEPIKIAETCS U JI/TsI € TMHCTBEH-
HO IIPaBIONOI00HOI0 BHIOM3MEHEHHsI ITOH 3a1a9M — CJIydas
OJIHOPO/IHOT BHeIHel cpenbl |6, naparpad 74, c. 342|: yHn-
BEpPCAJIbHALA 3aBUCUMOCTH OT [t OTCYTCTBYET U HOJIE OIIPEIe,Isi-
eTcs KaK CJIOKHas PYHKIHSA TeOMeTPUIeCKOi (hOpMBI MArHUTA
¥ MPOHUIAEMOCTH MarHeTHKa W BHeIHeH cpesbl. Takum obpa-
30M, Cpasy TepseTcs BOOOIIE CMBICT BBEIEHHS CAMOTO MOHSITHSI
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MArHUTHOW TPOHUIAEMOCTH. V] Begb 9TO emié TOJBKO CTaIno-
HAPHBIN Coryqaii!

[Ipy HAJIMYME MArHETUKOB OKA3bIBAECTCS, YTO BBIYUC/IUTD
IUIOTHOCTH SHEPTUH [OJIst B 00IeM Buje Hesb3s [6, maparpad
82, ¢. 383| u Toryma eé mpocTo MocTYIUPYIOT. EcTecTBeHHO, BO3-
HUKAET BOIPOC O COTJIACOBAHHOCTHU JTOTO, Teleph yKe “ycJo-
BHs, C OCTAJIbHBIMU ypaBHEHUsIMU. B peajibHOCTU CJIOKHOCTH
BBI3BIBAET YUET CAMOCOIJIACOBAHHOIO BJIMSAHUSI Mpotiecca (4depes
TeMIepaTypy ¥ MArHHUTOCTPHKIILIO) HA CBOACTBA CPEIbL ficp H
CaMOr0 MarHeTHKa fiyar (MOKHO YHOMSHYTH HEJMHEHHYIO 3a-
BUCUMOCTD [/ OT TIOJIA ¥ YACTOTHYIO JIMCIIEPCHUIO, & TaK¥Ke BO3-
MOZKHOCTB OTCYTCTBHS B CpeJie M30TPOIINH).

[Ipu BBIYUCIEHUH TOHAEPOMOTOPHBIX cu |6, maparpad 83,
c. 386| onsTh-TaKM UCXO/SAT U3 MOCTYJINMPYEMOrO PaHee Bbpa-
YKeHUs I IJIOTHOCTH SHEPIrUHM U OILTH »Ke BechbMa CTPAHHO,
KOTJIa U3 PAaBEHCTBA WHTETPAJIOB JICJAIOT BBIBOJ O PaBEHCTBE
MOIBIHTErPAJTBHBIX BhIpazkeHuit. Takum oOpa3oM, MoJIydeHHOe
BBIpakKeHue s “IJIOTHOCTH CHJI JIJIsi KOHKPeTHO JOKaJIbHOI
TOYKHI BOBCE HE MMEET KaKOI0-TH00 CMBICIa (3TO BCE PABHO, YTO
BBIYHUCISTH CPEIHIO ILIOTHOCTH HJIM COCTAB IOBEPXHOCTHOI'O
€101 3eMJTH: TJ1e-TO BOJIA, T/Ie-TO 3aJI€KH JKejie3a, I1e-TO PTYTh
1 T.J., a IMEHHO JIOKAJTbHbIE OTKJIOHEHHS ONPEeIe/IsSIOT aHoOMa-
JINM FPABUTAIMOHHOTO M MAarHUTHOTO 10Js, (PUKCUPYEMbIE IKC-
nepuMeHTa bHO). [ToaroMy sr06BIe JIOKAJIbHBIE TOBEIEHHS Ta-
CTHI[ MOTYT CHJBHO OTJIMYATHCS OT HOBEICHUs, BHIYHCICHHOIO
mo TakoMmy ‘riiobasbHOMy cpemremy’. C 3TOi Ke TOYKH 3pe-
HUst Ge3PA3IMIHO — BBOIUTH JIM CTPUKIMOHHBIE CUJIBI (OISThH
BBIYHCJIEHHbIE B IPYy6OM NPUOIHKEHUH) WK HeT, BeJb (haKTH-
YeCKU OKA3bIBACTCH B 3TOM TOJIXO/IE (i - HEONPEIeJICHHAS IO~
roHoYHas GyHKIUd. TeH3op HaNps>KeHHs MArHUTHOTO I10JIA
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|6, maparpad 84, c¢. 391] Tak:ke BepeH JuIllb B CPEJHEM, a He
B JIOKAJIBHBIX MeCTaX.

Bpsa 1 MOXKHO TEOPHIO MAIHETH3MA BEIeCTB CYUTATL B
HACTOSIIIee BPEMS 3aBePIEHHO (X0Ts n3BecTeH psijl PeHOMEHO-
JIOrTIeCKUX (DAKTOB U 3aBHCHMOCTEH, IpencKa3aTeJbHad CAIa
TEOPUH HEBEJINKA), CKOpee pedb WJET O CO3JaHUH HEeCKOJIhKIX
PA3HOPOJAHBIX IPABAONOJAOOHBIX MOJEICH /I KarKJI0ro KJac-
ca BerecTs (qua-, napa-, ¢peppomMarsetuku u jp.). CroKHOCTH
IPEACTABISET OIpPEe/IeJeHNe MATHUTHBIX CBOWCTB BEImEeCTBa 10
ero cocrasy |4, n.10.1, ¢. 349]: mampumep, MeIb — JUAMarHe-
tuk, CuCl — nmapamarmernk, Na — mapamaraernk, Ho NaCl —
JuaMarseTuk; rpadur obsasaer aHOMAJIbHO BBICOKUM JHaMar-
Heru3MoM u ap. Obpamaer Ha cebsd BHUMAaHUE, YTO, HECMOTPS
HA OTHOCHUTEJIbHYIO CJ1a60CTh MATHUTHBIX CUJI, MATHUTHBIC
IPOSABJICHUA B PA3HBIX BEINIECTBAX PA3HOOOPA3HBI U IO JHA-
[A30HY ¥ B KAYeCTBEHHOM ILTaHe (qua-, napa-, hbeppo- u T.IL.).
CTpaHHO, 9TO NPOABJIAITCI KAK 3aBUCUMOCTH OT HAIPAKCHHO-
cru 11oJist (hbeppoMArHeTHKH] ), TaK U OT KBAJIPATA HANPSIKEHHO-
cTH (Iua- W mapamMarHeTuku). A Bejb B y4eOHHMKAX MOYTH BCe-
rJa MOJAYEPKUBAIOT, YTO BHYTPUATOMHBIE CBOiiCTBA (TeM GoJee
JJTsl BHYTPEHHUX 0DO0JOUEK aTOMa) IPAKTHIECKH HE 3aBUCAT OT
BHEITHUX Bo3jieficTBuii. B 3T0oM 1/1aHe Tak:Ke COBEPIIEHHO HEII0-
HATHO NPOSBJICHAE CHIBHON 3aBUCMMOCTH MAIHUTHBIX CBOHCTB
OT TEMIEPaTYPHI.

CymiecTByIoT wim HeT MarHuTHble “3apsaias’ [4, m.10.2; c.
354| HemsBecTHO (Tak KakK BO3MOYKHO B CO3JAHWH MArHHTHOIO
[OJIS TOKOB yYaCTBYIOT CIIMHBI 3JIEKTPOHOB U ATOMOB, JIa M B
MHKPOOOBEM MezK/1y “HMOJTI0CAMU MArHHTa JIeMEHTAPHBIX dYa-
cTurl’ Heb3sl MOMecTUTh npubopsr). Hampumep, Heymadum nx
IIOUCKOB MOT'YT OOBSICHATBHCS T€M, 9TO ITUM “3apsaaMm’ TpPUIIH-



I'masa 10. Marmern3m 179

CbIBalOTC4d He T€ CBONCTBA.

EctecTBenno, 4To onpejie/ieHne MAarHUTHONR BOCIIPUAMYIHBO-
cru (gepe3 snuueiinyro 3asucumocth M ot B win H) umeer
npuOIMKEHHBIA XapakTep. A BoT ¢dpasa “HeCMOTPsI Ha TO, UTO
pasmMepHocTh HamMarandennoctn M u noist B ognrakosa, Ob110
Obl HEIIPABUJILHO BBIPAXKATh UX B OJIHUX €JMHHUIAX H3-3a KO-
dbunmenra 47”7 [4, 1.10.7, c. 376| BBIDASIUT TPOCTO CMEIIHBIM
meseBpoM (a JJIMHY OKDYKHOCTH MOYKHO BBIDArKaTh B CAHTH-
merpax?)!

MaruutHoe nosie B B oOpa3siie, KOHEUHO »Ke, HEOIHOPOI-
HO B MHKpOMacITabax, a ero CpeJHee 3aBUCHT OT TeOMEeTPUH
oubiTa B mesiom. [List jumosieit (3J1eKTpUYecKuX U MArHUTHbIX )
HeJIb3s 10 TOJIIO B JIajIbHell 30He OpeesssTh BHIPAXKeHUs B Be-
IECTBE: HAIIPUMED, T0Jie BOJIU3U

Ew%, p = qr = const
r

u ayist Masioro aumonst (r — 0, Ho p = const)

const 4
r

FE ~
r3

- KOHeuHas BeJINYHHA, a dHeprus noas F2dV — oo!

Hanee aprop yuebnuka [4, m.10.10, c. 386] 10BOIBHO YETKO
TFOBOPUT, YTO BBEJEHHBIEC KaK dIeKTpUUIecKad HHAYKIuda D, Tak
1 MarHUTHas MHAYKIHg B - 370 He onpeaensieMbie B 0Opa3max
BestmauHbl. TakuM ob6pa3om, BbIpakeHust g D, 11 Hamar-
Hrndennoctr M n naayknun B - 370 pocTo HEKOTOpHIE OTIpe-
aesjieHust OyKBeHHbIX KoMOuHaluii. Beejienue 3rux OyKBEHHbIX
KOMOMHAIUN OCJTOXKHSAET CHCTeMy ypaBHeHu# MakcBeJlia TeM,
ITO UCYE3AI0T TPAHUYIHBIE yCJIOBUs: B 001eM caydae rot D #£ 0

u div H # 0.
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Crounio 6Bl COIVIACUTHCS, 9TO B (DOPMYyJIax JOJIKHBI (DUry-
PHPOBATH TOJIBKO Te BEJUYUHBI, KOTOPble MOXKHO H3MepAThH (a
emié JIydile — KOHTPOJUPYEMO PeryaupoBarh). Ul ¢ exnHunamu
U3MEPEHUS: eCJIM PAa3MEPHOCTH HECKOJbKUX BEJUYUH OJIMHAKO-
Bbl, TO HE CTOUT CAMUX Ce0sl 3aI1yThiBATh “HOBbIMH HAa3BAHUAMU
U BBIIYMBIBATh HECYIIECTBYIOIIee Pa3jnine B €IMHAIIAX U3Me-
peHus. A BOT C TOYKH 3peHUs IKCIIEPUMEHTA JIydIlie COrja-
CUTHCS C CYIIECTBYIONIUM ONpejeleHrneM MArHuTHONH BOCIPH-
mvanBocTr depe3 M = kH, dem ¢ orcranBaembiM aBropom |4,
11.10.10, c. 388 oupenesnennem M = kB. HenousitHo u3 Teopuw,
nodyemy M He coBnajiaer B 0b1eM ciaydae 1o Hanpasienuio ¢ H,
BeJ(b €CJIM OPUEHTAIUS TOJAUKPUCTALIOB (JOMEHOB) cirydaiina,
TO B CpeJlHeM OTKJIOHEHUs € ocu Haujaerdairiero HaMaruude-
HUs OT MPOW3BOJBHOrO Hampasierus moiasd H paBHOBepOATHBI
upu 0 = const (ne 3apucsar or ¢l).

BwiBogx bopa o ToMm, 9T0 MaraeTusMm JI0OJZKeH OTCYTCTBOBATH
B KJ1accuveckoii pusuke [8, .75, ¢. 309, moromy 9TO MArHUTHOE
1oJie He MeHseT KUHETHYECKYIO IHEePTHUI, MOXKeT OTHOCHUThCS
TONbKO K oTAenabHOi (!) cBoGomHOil sneMmeHTapHON 4Ya-
cturie B Bakyyme. [locKoIbKy MarauTHoe moje MeHsieT hop-
MY JBUXKeHUs YaCTHIl, TO JIIs1 TBEPJBIX TeJ BCE 3aBUCHT OT UX
cTpyKTypbl u cBoiicrs. IlocTy/laTuBHOE BBejeHIE B KBAHTO-
BOIf MeXaHHKe Ps/Ia COOTHOIIEHUN — 3TO TOXKe He 00 bACHEHNE
1 OHO HHYeM He JIy4llle TeOpuu ﬂaHmeBeHa.

[Ipu “o6bsicHennn” quamaruerusma B [8, m.76, c¢. 312]| 6po-
caercs B IIasa cjaeaylomee. Bo-nepBhIX, 91po canTaeTcs (puK-
CUPOBaHHbIM, MHAYC Ha HEro To2Ke ;LeﬁCTByeT Mal'HUTHaA CHU-
Jga 1 Torga ) HOIYYHTCS JUId aapa HHOe, 9eM IS JICKTPO-
HOB. BO-BTOpBIX, paccMaTpUBaeTCAd N30JTUPOBAHHBIN aTOM, a He
KOJUIEKTUBHBII mponece (HeT HU KOJIJIEKTUBHBIX CUJI, HU CTOJIK-
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HOBeHHi). B-TpeThux, CJAHIIKOM YIPOIIEH PACYET BOSHHUKHO-
BeHHA JIapMOPOBCKOT'O Bpall€HUdA BO BpeMd BKJIIOYCHHUA Mar-
HUTHOTO TOJs (3aMeThM, 4To naparpacdom paHee B ydeOHU-
Ke yTBEP>KJAJO0Ch, UTO KJACCHUYCCKAd CUCTEMa He MOXKeT 00-
JlaJlaTb MAal'HUTHBIM MOMEHTOM, TaK KaK Mal'HUTHOE€ II0JIe HE
coBepiiaer paboThl): 1) opueHTAIMsI ATOMA 10 OTHONIEHHUIO K
BHEITHEMY MarHUTHOMY ITIOJI0 MOXKET ObITh POU3BOJIBHOI; 2)
KAaK MOKHO CYUTATDH I OAMHOYHOIO ATOMA B HAYAJIBLHBIA MO-
menT B = 0,Q = 0, Beap cavn OBUKYIUECs (BpaIamonnecs
10 OPOUTE) FJTEKTPOHBI U IO CO3/IAI0T MArHUTHOE 110Je (KOTO-
poe HEKAK HEe MOZKET OBITh TOXKICCTBEHHO PABHO HYJIIO BO BCEM
npocTpancTse)?

B craeayromem naparpade (8, n.77, ¢. 315| npu “obbsicHe-
HUW TapaMarHeTH3Ma yiKe MPUMEHSIeTCS UUCTO CTATUCTHYE-
CKUil TOXO U YTBEP:KIAETCS, 9TO MPEIecCHs He MOYKeT TPH-
BECTH K HAMAIHMYHMBAHUIO MAapaMAarHETHKA: OHO BO3HUKAET B
pesyJbTare B3aUMOJEHCTBUS aTOMOB Mexkay coboii (1po mpo-
IecC BKJIIOYCHHs] MATHHTHOTO TOJsE W BOBce 3abbLim). “Oka-
3BIBAETCS’, YTO MapaMarHeTu3M HEKOTOPLIX MeTaJLIOB ‘Haj0”
(mocie mojicMATPUBAHUS B PE3YJIBTATHl U3MEPEHH 3aBUCHMO-
cru Kk o1 T'!) 06bsICHATH CHIMHOBBIMA MATHUTHBIMH MOMEHTAMH
9JEKTPOHOB MMPOBOJANMOCTH. 3aMedaTe/IbHO HH(MDOPMATHBHAS H
mpejickazarejbHast Teopus!

HeobxoanMocTh UCKYyCCTBEHHOT'O TOJIYKJIACCUYECKOTO BBE-
JleHU sl KOPOTKOAEHCTBYIONTUX OOMEHHBIX CUJI JJI KOJTUIeCTBEH-
HOTO O0bsicHeHnsi deppomarnernsma (8, m.79, c. 325| Takwxe
CBUJIETEJILCTBYET O HETOYHOCTU ODIIEHPUHSATHIX 3aKOHOB 3JIeK-
TPOJAMHAMHKH Ha MAJBIX paccTogdHudaX. OcTaércd HeoObsICHEH-
HbiM, ouemy B onbiTe /lopdmana ¢ dosbroit 3ru odMennbie
CUJBI BOBce He JeiicTByoT Ha [-dactunpl. Ho, MoxkeT OBITH,
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BCE-TAKH 3TO IPOCTO HEKOTOPHI HEYUYTEHHBIN KOJLJIEKTUBHBII
IPOIECC, U UMEHHO IMOTOMY 00pa3yeTcs TOMeHHas CTPyKTypa?

Crpanno, 4To i (peppoMaraieTukoB Koddpdpurment Xoaa
B 10-100 pa3 Gosblie, 4em JUIg HOPMAIbHBIX MeTasioB |8, 1m.98,
c. 438]. A ror axT, 94TO CYIIECTBYET MHOKECTBO METAJLIOB C O-
JIOYKUTEJILHBIM KO3 durmenTom Xo/Lia, TPOCTO 03HAYALT, 4TO
Jgazke B MakpockounmdeckoM (!) miame e BCE B mopsiuke ¢ 00-
HIEIPUHATON JIEKTPOJIHHAMUKON. ECTh emé ogHa cTrpaHHOCTD:
corjiacio DeitHMany, Maa3Ma He MOYXKeT ObITh HU JHa-, HU MMapa-
MarHuTHOM, TaK KaK MarHATHas cuiaa JIopeHIa He MPOU3BOIUT
paboTsl. OJHAKO 9TO MTPOTHBOPEYHUT OMBITHHIM JAHHBIM (TOrIA
BOBCE He MOIJIO 6bl paboTaTh MAPHUTHOE YIEPKAHUe IIa3Mbl!).
Tak:xe BBegeHme B 000pPOT MOHATHA “IBIPOYHON IPOBOIUMO-
cru” (T1ceBIO00ObIICHEHIE 3aHAM YHCIOM TIyTEM HAyKooOpa3-
HOTO 3aKJIMHAHUSA) TEePEYEPKUBACT BCIO SJIEKTPOJIUHAMUKY, KO-
TOpas, Ka3aJa0ch Obl, U3 “IepBLIX IPUHIUIIOB’ OIpeIesiia, ITO
JKe B DEATbHOCTH JBHZKETCs (JIEKTPOHBI), KaK JefcTByeT Ha
9TH YacTunbl cuia JIopeHa (M WCIOJIb30BaIa BCE 3TO BO BCEX
HOCJIE Y IOTHX JOKa3aTeIbCTBax!) u T.J1.

[Tpu BBIBOZE TepMOAMHAMUYECKUX COOTHOINICHUI B MArHHUT-
HOM moste |9, m.31, c. 176] onuu u3 mHTErpasoB masg paboThl
IpeodPa3yIOT B HHTETpaJI 0 OECKOHETHO YIATEHHOM TOBEePXHO-
ctu. Bo-nepBrIX, 37/eCh HeT HIKAKOrO (PU3NYECKOrO IPUHINIA!
3TOT 4leH OyJeT Pa3HBIM B 3aBHCHMOCTH OT TOro, rjae Oparb
OrPaHUYUBAIOIIYIO MOBEPXHOCTH (TO €CTH YIEH - HEOMPEeIeTEH-
HbI1T), 1 6ECKOHEYHO YIaJEHHAS TTOBEPXHOCTh HIUYEM He BhIJIeJe-
Ha. Bo-BTOPBIX, Jarke OTIe/IbHbIH BO30YXKIEHHBIR aTOM MOXKET
H3JTy9UTH SHEPrHIo (He TOBOPS yZKe O CHCTeMe 3apSAKeHHbIX da-
CTHI[) U 5TOT UMILYJIbC 3JIEKTPOMATHUTHOTO W3/IyYeHUs YJIETHT
B 0ECKOHEYHOCTBb, TO €CTh YHOCHMAsl SHEPTus OCTAETCs OIHON
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U TOM »Ke KOHEeYHOI BenndIuHoi. B-TpeTbux, Kak BooOIIe MOK-
HO Oparh OECKOHEYHO YAAJEHHYIO MOBEPXHOCTDH, €CJIU IIPOIECC
IPOUCXO/IMT 3/IeCh, B KOHKPETHOM MecTe, a JIIoboe Bo3IeicTBre
pacupocTpaHaeTcss ¢ KOHEYHON CKOPOCTBHIO, W €CJU HaC WHTe-
pecyer pe3yJsibrar BO3JEHCTBUS 38 KOHEYHOE BpeMsd, TO Mbl HE
MOZKEM 2KJIaTh ODECKOHEYHO JI0JT0, IOKa MOIJIO Obl YCTAHOBHTH-
CsI XOTh KaKoe-TO 1M0j1001e MPUIUHHON CBSI3U ¢ 9TOH OeCKOHEedU-
HO YIAJEHHON MOBEPXHOCTHIO. Takoii ke mepexosr K 6eCKOHETHO
VIQJEHHO TTOBEPXHOCTH (TO €CTh OTOpACHIBAHHE CJIATAEMOTO)
OCYIIECTBJISIETCSI IIPU BBIBO/JIE TIOJIHON ¢BOOO/IHON SHEPIUU Mar-
weruka |9, m.32, ¢. 179| u snepruu cucrembl ToKoB |9, 1m.33; c.
182].

Jlamee, Bpsii AW MOYKHO TOBOPHUTH, 9TO PACIPeaeaeHne TO-
KOB J He 3aBHCHT OT CO3IaBaeMOr0 HMH Ke IOJIsI U pacipe-
JTeJIeHHST MarHeTHKoB. [IpocTo coBpeMeHHas 371eKTPOINHAMUKA
dbopmysmpyercst Tak, 94TO p U j CAUTAIOTCH 3aJaHHBIMU (KazK-
JIBIA 3apsauK “BBOJAMTCA PyYKaMH IO 3aJIaHHOMY C TOH WK
HHOH CTENeHbI0 TOYHOCTH 3aKOHY ), & BCE OCTaTbHbIe BeJIMINHBI
Uiy TCst (HATpUMED, MOJIs).

[Ipu BBIYKCIEHUH CHJI B MArHUTHOM moJe |9, m.35, c. 194]
[IPEJICTaBIgeTCA HEeIloC/Ie/I0BAaTeIbHBIM BHaYaJIe IIPU BBIYHCIE-
HUM TeH30pa Hanpsizkenuit nojararb j = 0, To ectb rot H = 0,
a 3aTeM “BApYr’ BCHOMHHUTD, UTO

4
rot H = —Wj
c

IIPHU MOJICTAHOBKE ITPOU3BO/THBIX.
PaccyK/eHusi 0 MATHATHOH CHMMETPHH KPHCTALIOB B [9,

.37, ¢. 200] KaxKyTCs HEMOTHBIMHI, TAK KaK He yYUTHIBAIOT Ha-
JIMYHe Y YacTHIl CIIMHOB W BO3MOXKHOTO WX yHOpgaodeHusd. B
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9TOM CJIydae 3amMeHa t — —t MeHseT 3HaK TOJbKO j, 00yC/I0B-
JIGHHOT'O JIBUZKEHHUEM YaCTUI[ KaK I11e/10r0. BHavaie TOBOPUTCH,
ITO OOMEHHOEe B3aUMOJIelicTBHE OOJIbINe MO BeJUINHe, TeM Mar-
HUTHOE, HO JUIs HEKOTOPHIX 3JIEMEHTOB (HAIPUMeEp, PeIKo3e-
MEJIbHBIX) 9T0 OKasbiBaerTcs He Tak. Osrb moJydaercs: “reo-
pus BepHA JIMIIb JJId TeX CJIy4YaeB, /JIsd KOTOPBIX OHA BepHA', O
1éM MBI MOYKEM y3HaTh JiuIb post factum.

Takum o6pa3om, ¢ OObSICHEHNEM W OITMCAHUEM BCEM HU3BECT-
HOIr'o dBJjieHud MalrHe€TUu3Ma Yy COBpeMeHHOﬁ JICEKTPOAUHAMUKHA
SIBHO He BCE TaK IVIAKO, KAK XOTEJ0CH ObI.



I'maBa 11

CBepxXIIpOBOINMOCTD

B kauecrse emnié 0J{HOTO IPUMEHEHUsI TEOPUH K TPOMATrHeTH3-
Ma pPacCMOTPHUM sIBJIEHUE CBEPXITPOBOINMOCTH.

dAsnenne ceepxuposogumoctu (8, m.80, ¢. 332| TakKe JeMOH-
CTPUPYET HEMOJHOTY OOIIEnpHHSTON 3jekTpoanHamMuku. Ha-
npuMep, g OObSCHEHHS COIPOTUBIEHHUS MEPEMEHHOMY TO-
Ky HPHIILIOCH UCKYCCTBEHHO H300PEeTaTh JABYXKUIKOCTHYIO MO-
JieJib; 9uCcTO (POpMaIbHO, O€3 ABHBIX BbIPAZKEHUI TOBOPHUTCS O
“cBObOIHOM HEPTUU’ IPHU OIPEIeIEHHU 3aBUCUMOCTH OT KPH-
THYECKOTO 1M0JIsT; B OpMaTbHOM Teopun JIOHTOHOB TaKKe MHO-
JKECTBO HECTPOTHX PACCYXKICHUNH M MPUKUIOYHBIX PACUETOB; C
IIOMOIIBIO “HayKOOOpa3HbIX 3aKJIMHAHUN pacCKa3bIBAeTCsd O J10-
MEHHOH CTPYKTYpe; Yepe3 Hen3MepUMY 0 BeJIMIHHY (& 9T0 O3Ha-
gaer post factum — s coxpaHeHHs BUIA TEOPUE) BBOIUTCS
paszbuenne Ha cBepxmpopogaukn [ n II poma; momens BKIII
TPAKTYeTCss KaK KBAHTOBOE sIBJICHHE W BPSJ, JIK MOXKET IIpe-
TEHJOBATh HA MMOHUMAHUE PEAJHHOIO0 MEXaHH3Ma CBEPXIPOBO-
qumocth. [lo KpaiiHeit Mepe, 3JIeKTPOHHBIE AP, A1 KOTOPBIX
pa3Mephl CYIIEeCTBEHHO MPEBBIMIAIOT CpeJiHee PACCTOAHHE MerK-
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JIy 9JEKTPOHAME — 3TO U3 00J1acTH (paHTACTUKH, J1a U OO30HBI
3/1eCh HU [IPH 96M, BeJIb sijipa aTOMOB Tesinsl Wi aprona (6030-
HBI) He JIETAIOT BHYTPU MeTasia 6e3 conpoTuBieHus!

Crpannbtit “noaxox” JIeMOHCTPUPYIOT K SIBJICHUIO CBEPXIIPO-
BojumocTu |9, riaBa 6, ¢. 271|: peaJbHO HHTEpECHBIE ¢ TOYKH
3peHHs MPAKTUIEeCKUX MPUMEHEHU BOIPOCHI, 8 MMEHHO HAXO0XK-
nenue 1., H. m 1pyrue, oKa3pIBaeTCd He 10 CHJIaM PACCMOTPETh,
MOTOMY 3JIEKTPUYECKNE CBOMCTBA O0bSIBJISIOTCA HEMHTEPECHDI-
MH, & JIUIIb CJIEJICTBUEM MATHUTHBIX CBONCTB IPOBOIHUKA, U 1A~
Jlee HCCJIeIyeTcsd KadeCTBeHHOe TTOBeJIeHHe MArHUTHBIX CBOMCTB
Ha OCHOBe Bepbl B ypaBHenus Makcpesuta. Takzxke “ciaydaiino”
(post factum - Mo HEOBXOIUMOCTH) JIEJISIT CBEPXITPOBOJIHUKY HA
ceepxuposoaunku I u I poga (IpoMe:kyToOTHOE COCTOSTHIE, CII0-
ucTas WM BUXpeBas CTPYKTypa u jp.). BHaudase roBopurcs,
YTO B CBEPXIIPOBOJAHMKE HanpsizkénHocth H e nmeer dpusude-
CKOT'O CMBIC/Ia, KaK W HAMArHUIEeHHOCTH M, a 3aTemM nxX BBOIAT
“bopManbHBIM 00pa3oM” U UCTIOTB3YIOT (OHATH “3/IECh YUTAEM,
3/1eCh HE YUTAEM, 3/I€Ch KUPHOE TATHO ... "),

CymecTByeT Jazke MHEHHUE, YTO HUKAKOW CBEPXITPOBOIUMO-
cru Her BooGIE (cM., Hampumep, cratbio O.X. [lepeBeHcKuii
“ZKmyprn ¢ smextpudecrBom”  http: //newfiz.narod.ru/elvo-
opus.htm ). B ganHO#l craTbe ecTb MHOrO HpPETEH3Uil K CO-
BPEMEHHOI TeOpHUH 3JIEKTPUIECTBA, U 51, KAK TEOPETUK, He Oy-
Iy KOMMEHTHPOBATh WX (JIydIlle MPOYecTh MEPBOUCTOYHHUK), &
BOT MHEHWE SKCIEPUMEHTATOPORB MO 3TOMY MOBOJY XOTEJIOCH OBl

YCJIBITIATD.



SaKJ/JII04YeHue

MTax, moaBoAsd UTOT aHAJIN3Y COCTOSHUS COBPEMEHHON TeOpHUH
JIEKTPOMATHUTHBIX $IBJIEHUH W IIPU3HABAas PeabHO e€ Olpejie-
JICHHBIE YCIEXU B TEOPETHYECKON U IKCIEPUMEHTAIbHONH cde-
pax, MBI, TeM He MeHee, BUIUM cJjenyiomee. 1 Teoperuue-
cKkuii (pyHIaMeHT, ¥ MaTeMaTHU4decKas pean3alus TeOpuH, U
HPAKTUYECKUE METO/bl He MOIYT IIOXBAacTaTb Xopouleil dpusu-
JeCKOM, JIOTMYeCKOW HJIM MaTeMaTudecKoil 000CHOBAHHOCTBIO;
CTPOrOCTb JIAHHON TEOpPUU TOXKE O4YeHb JajeKa OT Tpedyemoii
HAYYHOH CTPOTOCTH; A U AJTOPUTMUYHOCTH HAXOJUTCI HE Ha
BhIcOTe. Paszymeercs, sKcrepuMeHTAJIbHbIE U WHXKEHEPHBIE J10-
CTHKEeHUS B 00JIACTH 3JIEKTPOMArHETU3Ma OCTAHYTCS He3bl0J1e-
MbI. B Teopuu ke HeKOoTOpas 9acThb H30OMIYeT JacTHBIMHU TUIIO-
Te3aMH U MOJATNOHKAMH 33/ THAUM IUCJIOM T0JI 3apaHee NU3BeCTHHII
73 OTMBITA Pe3yabTaT. [[09TOMY, pHCKHY TTPEINOIOKATH, ITO P
TEOPeTHIeCKNX MOMEHTOB B Oyayiiem OyaeT m3meHneén. lymaio,
YTO HOBAs CTPOrasi TEOPUs JIEKTPOMATrHeTU3Ma Oy/1eT KOPPEKT-
HO OIIUCBHIBATL sIBJICHHS Ha BCEX MACIITa0axX, B TOM YHUC/IE H B
MHKPOMUPE, U TIOTOMY MOJHOCTHIO “HAKPOET 00/1aCTh 3JIEKTPO-
MAarHUTHOH TPUMEHMMOCTH’ HBIHEITHeil KBaHTOBOI MeXaHHKH
(u “morsotur” eé).

MpbI, B OCHOBHOM, aHaJU3WPOBAIN IJTEKTPOIUNHAMHUKY 110
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aKaJeMUIeCKUM YIeOHUKaM, HO BeJIb €CTh Iiejias IPYIIa KCIe-
PHMEHTOB, IIPOTHBOPEYAIMX COBPEMEHHBIM B3IJIsHaM (OIBITHI
Ponuna, Hukonaesa, Curanoba, YepHUKOBa U MHOTHE JPYyTHE),
KOTOPBIE TOZXKE JIOJIZKHBI OYJIyT aJrOPUTMUYECKH U TTOCIEI0BA-
TEeJIbHO OObICHATHCH B HOBON MCIIPABJIEHHOM 3JIEKTPO/IMHAMMK-

Ke.




Ilpnaoxkenne:

Kparkune 3ameuyanuns
K POJCTBEHHBIM

11 aJIbTePHATUBHbBIM
TeOPUAM

B norone 3a ¢popMajibHBIMU KOJUYECTBEHHBIME TTOKA3ATEIIMI
JeJI0BEUECTBO HAILIOAUIO OIPOMHOE YHCI0 (DU3HIECKUX Teo-
pHuii — OT BBICOKOHAYYHBIX JI0 BBICOKOAOCYpAHbIX. [[pnuém, Kak
3TO HU NAPAJOKCAJIBHO, 3aMEeTHAsI YacTh LIOCJeTHAX 110/ IePXKU-
BAETCS AKAJEMIUYECKOH HayKoil (BCIOMOTraTeIbHBIM KPHTEPUEM,
pPa3aeadIoNUM BbICOKOHAYYHbBIE M BBICOKOAOCYP/IHBIE TEOPHH,
ABJISETCA OTHOIEHNE KOJIUIeCTBA UCKYCCTBEHHO BBIIYMaAHHOTO
KPIOYKOTBOPCTBA K KOJUYECTBY IKCIEPUMEHTAJIbHO IIPOBEpsie-

MBIX Pe3yJIbTATOB; YeM MEeHbIIe STOT KPUTePHUii, TeM JIydIie).

BestencrBre orpoMHOrO TOTOKa HHMOPMAINKA 3aTpPYIHU-
TeJIbHO TPOBECTH CKOJIbKO-HUOY/Ib CePbE3HBINH 0030p BCEX aAJTh-
TepHATHBHBIX HIeil B 00JIACTH 3IeKTponuHaMuku. /la m aBTop

189
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He SIBJISIETCsI 3HATOKOM aJIbTePHATHBHBIX TeOpHil (eciu KTO-TO
XO4YeT BCepbEé3 pa300paTbCd ¢ HUMHU, TO JIy4Ille YUTATH IMePBO-
nerogHuKy). [103TOMY JIIIB HEKOTOpPbIE WieH OYAYT KPaTKO
YOOMSHYTHI /T TTOJHOTHI KapTUHBI, JTaHbl HEKOTOPHIE BeChMa
HOBEPXHOCTHBIE 3aMeYaHHsi U OLNECHKH (aBTOpP 3apaHee IIPOCUT
IPOIIEHKS, 9TO He B CHJIaX NPOAHAJU3UPOBATH BCE aJlbTepHA-
TUBHbBIE TEOPHH, JAazKe ¢ KOTOPBIMH 3HAKOM).

g madasa ciejiaeM odeBHIHOe 3aMedaHue. Ecim HOBas
TEOPHUST OMUPAELTCSA Ha MPEKHIOI JZKeTeOpUIo (HapuMep, crie-
MUIAJTBHYIO WU OOIIYIO TEOPHUIO OTHOCUTETbHOCTH, PETATHBUCT-
CKYI0 KOCMOJIOTHIO, Teopuio Boubmoro BapeiBa u T.01.) nin
BKJIIOYaeT €€, TO cpa3y HOHATHO, YTO B UTOI'E MOJYYUTCI OYe-
pelHas HOBad JixKeTeopus. [Ipumepom 3mech dBisgeTcs Teopus
CTPYH (CymepeTpyH), IBITAOMAICS CHHTe3NPOBATH JIZKETEODHIO
OTHOCUTEJSHLHOCTH U KBAHTOBYIO MEXAaHUKY (BPEMEHHYIO KOH-
CTPYKITHIO) B HEKOTOPOI'O “TeHeTHIECKH TTOBPEZKIEHHOIO MHOPH-
ja”. [Tpu aroM, 4ToObI HE OBITH Pa300JIaAYEHHBIMU B 0003PUMOM
OyayIeM, CTPYHHBI yPOBEHb OTHECEH HA CAMYIO TIyOMHY —
o cybaromubrit yposeub. Hy, ma! Mur yke Bce mpeasimyriue
YPOBHHE “3HaeM OT 1 10" (COTJIACHO JIZKEYYEHBIM OJIU3UTCS KOHEI]
dbuzukn!)! JIzkeyI6HBIM MAIO CKA30K PO YeTHIPEXMEPHOE MPO-
CTPAHCTBO, YEPHBIE JLIPHI Ja KPOTOBbIE HOPBI, TEMHYIO JHEP-
ruio u Témuyio Marepuio! Temepb y HUX ecTh HOBBIE HIDYIII-
ku: 10-tu n jmaxke 26-tu MepHOe mpocTpaHcTBO-BpeMs! Kakas
MTUPOKAsT TECOTHUIIA I/ TUIHBIX MATeMaTUIeCKUX UTD 3a TO-
cyaapcTBeHHbIH cuér! [laHHble MCEBIOTEOPHH U TOJOOHBIE UM
(M-Teopusi, nerieBasi KBAHTOBas TPABUTAINS) aHATH3HPOBATH
He WMeeT CMBICTIA.

Caenytomee 3amedanne. Ecim HOBasg Teopusi BKJAIOYAET B
cebsl HeM3MEHHBIMH PACCMOTPEHHYIO B JIAHHOM KHUT'€ TEOPHUIO
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(paciupsier e€), TO OHa ABTOMATHYECKH IEPEHOCUT Ha cebs
BCe OOHAPYZKEHHBIE B KHUTE “U3bAHBI PACCMOTPEHHBIX TEO-
puii (He0OGOCHOBAHHOCTD, MPOTUBOPEUNsT, TPODJIEMbI, HEJTOCTAT-
kin). K TakuM TeopusM MOXKHO, HANPUMEDP, OTHECTH KBAHTO-
BYIO JIEKTPOJMHAMUKY, 3J1eKTPOCaabyio Teopuio. EcrecrBenno,
YTO K CYIIECTBYIONUM IIpobieMaM J100aBATCs cCOOCTBEHHbIE CIIe-
ruduaeckue npobaembl (6eCKOHETHAsT SHEPTUST BAKYYMa M ero
IPABUTAIIMOHHOE T10J1€, COMHUTEILHOCTH IEPEHOPMUPOBOK, pac-
XOJIUMOCTh PSIJIOB, WHTETPAJIOB, MPUHIUIAAILHO HEW3BJIEKae-
MbI€ YACTHUIBI, (PaHTACTHIECKHE [IBETA U Ay PHbIE 3alaXh HHBIX
BBIlyMAHHBIX sIKOObI KBAHTOBBIX YHCEJ U JP.), U 0DIIee Iuc-
JIO TIpo0JIeEM MOKET TOJIBKO BO3pAcTH. Pe3yabTraTbl BCeX STHX
3aMaTeMaTU3UPOBAHHBIX UTPYIIEK HYJEeBbIe, €CJIU He CUUTATh
Pe3yAbLTATOM IIyM, IIOTHIMaeMblii BOKPYT Hux B CMI.

Pazymeercs, olieHUBATH B aJIbTEPHATUBHBIX TEOPUSX MOK-
HO TOJIBKO TO, 9TO ObLIO KOHKPETHO C/JIeJTAHO ABTOPAMHE, H CPaB-
HUBATh C AHAJOTUIHBIME Pe3yJIbTaTaMU UX MPEIIECTBEHHUKOB
[0 PACCMATPUBAEMOMY IIPEJIMETY HCCIe0BaHusA, a He Tpeho-
BaTh OT HUX MOJHOrO 3HaHus (“ypasrennii Bora”). Veiaoro Bee
TEOPUH MOXKHO Pa3JIeJUTh Ha J(BE TPYIIbE: 1) TeOPUH, ONUCHIBA-
I0TI[e TOJBLKO HADJIIOaeMble IBJICHUs U He YIUIyOJIdonuecs 3a
TOT YPOBEHb, KOTOPBIH Ceiidac SKCIEePUMEHTATbHO MOXKET ObIThH
HCCJIeIOBAH, U 2) TEOPUH, IBITAIONINECS HE TOJIBKO OOHAPY KUTh
3aKOHOMEPHOCTH, HO W 3arJISTHYTh BHYTPH OMUCHIBAEMBIX SIBJIE-

HUA U HAUTU UX OPUIUHY.

K mepBoii rpyrme (Tumna “runores s He H3MBITILISO”) MOKHO
orHectu, Haupumep, padory W.U. Cmysabckoro “Teopusi B3au-
mogelicTust” [12], KOTOPBIi JOBOJIBHO IETKO ¢HOPMYIHPOBAIL,
9TO B JAHHOM CJIyd9ae TJIaBHBIH BOIPOC — BOMPOC O cuie (“mc-
tuHa B cue”). Ecin cuntars ypasaenust Makcesenia abeoroT-
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HO CTPOTUMH, TO JEKTPOMArHUTHAs CUIa (MO CYTH, 3aMbIKa-
I0Iee ypaBHEHHe, HPUIAIOIee SKCIEPUMEHTAILHO 00HADYKU-
MBIl CMBICT BeeM “OyKOBKaM”) JIOJ?KHA BBOJUTHCS HE BHEITHUM
06pa3oM, HCKYCCTBEHHO (KaK 3TO ¢iesaHo ¢ cuyioil JlopeHna),
a aBTOMATUYECKH 1I0JIy4arbCd U3 CaMHX »kKe ypaBHeHuil Makc-
BesuTa. Takast mporeaypa Oblia npojenana B [12], u momydeno
HOBOE CaMOCOL/IACOBAHHOE BbIPAXKEHHE JIJIS 3JIEKTPOMArHUTHOI
cubl. KoHeuHO, caMbIM IVIABHBIM MOJITBEPZKICHHEM ITPABUIb-
HOCTH IIOJIy 9eHHOI'O BHIPDAYKEHU S SABJISI0CH OBl ITOJIYyYeHne KJ1ac-
CUYECKUM 00pa30M CIEKTPOB aTrOMOB, 4€Ir0 M OCTAETCs I1OXKe-
JaTh aBTOPY JaHHOH Teopuu (a /10 TeX MOp CTOUT HATIOMHUTH
110 HOBOAY ypaBHeHui Maxkcse/iia, 4To H3B/1eYb U3 9KCIEePUMEeH-
TaJAbHBIX MHTEIPAJLHBIX 3aKOHOB BBIPAYKEHUS JIJIsSI 3JIEMEHTOB
TOKOB MOXKHO MHOYKECTBOM CIIOCOGOB).

Emgé ommoit cephésnoil aabTepHATHBOM COBPEMEHHOR 3JIeK-
TPOJAMHAMHUKE sBJgeTcd 3eKTponnHamuka [aycca - Bebepa
(Bermemmas u3 uaeit A.-M. Amnepa, odopmnennas K.@. Tayc-
com u B. Befepom u passuras B jasbheiimem B. Purmem).
OTH UIen A0CTATOYHO CEPhE3HBI, U C HUMU JIYUIe 3HAKOMUTh-
sl TIO TIEPBOUCTOYHUKAM (MIEPEBOJBI HEKOTOPHIX CTaTell cojep-
xKarcs na caiire C. Cemukosa http://www.ritz-btr.narod.ru/ ).
B macrosiiiiee BpeMst CyIecTBYIOT IPeJUIOKEHNS KOPPEKTUPOB-
KU TIePBOHAYAJIBHOTO BhIpakKeHUs cuIbl Bebepa, 4To yecTpaHser
paHee CyIecTBOBaBINHe MPOGIEMBI. 3/1eCh TOYXKE TOJTBKO IKCITe-
PUMEHT MOXKeT CKa3aTh “CBOE CJI0BO”.

Jpyroit Teopueit n3 nMepBoit IPYIIIBI SIBJISETCS aBTOIUHAMI-
ka (“autodynamics” Ricardo Carezani 1940). Bazoit mas meé
IMOCJTY KU JIeTAIbHBIH aHaau3 “HeHTPUHHBIX OIBITOB, U3 KO-
TOPOTO CJEIyeT, 9TO HEHTPUHO He CyIecTByeT. B pesysbrare
OBLIO MPEJJIOKEHO MHOE BBIPAYKEHUE JJisl CHIBI (M 3aBUCHMO-
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cru maccel ot ckopoctn), gem B CTO. Ilo moBoy u3MeHeHust
HOHSITUS MaCChl MOZKHO B Ka4eCTBE BO3DAXKEHWS IPHUBECTH T€
JKe apryMeHTBI, 9TO U JIjis1 (J1Ke)TeOpUH OTHOCUTETIBHOCTH (CM.
[1]), a mo moBoIy cubl (M AMHAMUKH) — “PE3OJIIONHIO” TOJIKEH
craBuTh 3kcepuMent. Keraru, K BbiBoy 00 orcyrcrsuu B [Ipu-
poJie YacTHUIBl HEUTPUHO B JAJbHEHIIeM NPUXOIUINA U JIPYTHe
HCCJIEJIOBATETH.

Chenyioree 3aMedaHue KacaeTcs TEOPHI, KOTOPbIe BOOOIIe
OTBEPTalOT CYIIECTBOBAHUE TBEPIBIX OOBEKTOB, a BCE B Mupe
CYATAIOT TOPOKJIEHUEM BOJHOBBIX CTPYKTYD (BOJIHBI, BUXDH,
COJIUTOHBI ¥ T.11.). [TOMIMO ecTeCTBEHHOTO OTPOBEDIKEHHST, CBsI-
3aHHOI'O C OIPAHUYEHHON YyCTOWYMBOCTHIO MOJ00HBIX 00pa3oBa-
HUI ¥ HECTTOCODHOCTHIO WX K CAMOBOCCTAHOBJIEHWIO MOCJIe B3aH-
MOJIEHCTBIH (YaCTHUIIbI 2Ke COXPAHSIIOT CBOM HIeHTH(MDUIHPYEMO
JUCKPETHBbIE CBOCTBA), HAJI0 HAIOMHUTE, YTO BOJHOBbIE 00pa-
30BaHUs MPOXOIAT APYT CKBO3b JIPYTa, & YACTHUIIHI CTATKHBAIOT-
Csl M Jlazke OTCKAKUBAIOT JPYT OT Apyra (orpazkaiorcs). Bosb-
MHUTe, HATTpUMeD, pa3aoxkenne Oypbe M0 BceMy TPOCTPAHCTBY:
rapMOHUKH 0€3 Cpejbl HE B3aUMOJIEHCTBYIOT, /a W KaK OIpe-
JIeJINTH, KaKas FapMOHUKA K YeMy TPUHAICKUT B HaIIeH-TO
orpomHuoii Beenennoii?

Cremaem Temepb 3aMedaHue MO TMOBOJIY HUCKYCCTBEHHOTO
NPOTHUBOIIOCTABJICHAA TECOPUN TAJbHOJACUCTBUA W TEOPU AKO-
OBl OJIM3KOENCTBHUS B TMOJIEBOI BepPCHH. 3alNCh BbIPAYKEHHIT
(ypaBHeHwUil, 3aKOHOB) B BUjie JudHEPEHITUATBHBIX YPABHEHUI
B YaCTHBIX MPOM3BOJAHBIX BOBCE He O3HAYAET, U9TO Mepes HaMU
Teopust Osim3KoeiicTBs! Beb B COBpEMEHHBIX TEOPUSIX JJIst TO-
ro, YTOOBI HAfiTH pelteHne, HAJO0 MOJCTABUTh I'PAHUYHBIE YCJIO-
BHUs, JIa U CaMW ypPaBHEHHs IOJYYEHbl C yUYETOM OlIpeJleIEH-
HBIX TPAHUYHBLIX YCJIOBHN. A B COBPEMEHHBIX MOJIEBBIX BEPCH-
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aX 3TO — YyCJOBHd Ha OeCKOHeYHOCTU. B pesysbrare BMeCTO
TEOPUH JAJBHOIEHCTBHs (HA KOHEYHOM DACCTOSHHH) TOJIYY9H-
Jlach He Teopud OJU3KOJEHICTBHA, KaK PEeKJIaMUPYeTcs, a Teo-
pusi cBepxpanbHOAeiicTBust! Tak aTo, rpaxkaHe, BaC 0OOMaHbI-
Baior. Hy, ne Moxer Teopusi norennuaJja wim jodast Kpaepas
3aJ1a9a BBIPAYKATH TEOPUIO OJIM3KOIeHiCTBI (OBITh JTOKAJIBHOI).
Uckoyenne Morsia Obl COCTABUTDH 337a4a C JOKAJbHBIM TTOTO-
KOM (B CBOGOJIHOM MPOCTPAHCTBE OTPAYKAIOIIUM HEYTO BPOJIE
IIPUCOEIMHEHHON MaCChl, OIPeIesSAINIeiicsi cBoficTBaMu caMoit
YACTHIBI, & JJIst 00Ieil 3a/1a9u — 3aBUCIIUM TaKKe U OT KOH-
dburypanun sxcrepuventa). [Toka Takoif 10J1eBol Bepenu He Ha-
omonaercsd. Eeim KTo cymeeT BOILJIOTUTH TAKyI0 UJICI0 — YeCThb
eMy ¥ XBaJia.

OueBuiHO, 9TO BCe 3(PUPHBIE TEOPHUH SIBJISIIOTCS TEOPUSIMU
OIu3KOoIeficTBISI H, BOOOIE TOBOPS, SIBJISIOTCA KMEHHO (DU3HU-
TEeCKUMHU TEOPUSMHU, MBITAIONINMHCS TPOHUKHYTH BLJIyOb Be-
mell U TMOHATH MPUYUHBI U MEXaHU3MbI sBJEHUil (B OTIHYNE
OT TICeBJOMATEMATHIECKOTO XapaKTepa MHOTMX COBPEMEHHBIX
TEOPHii), TO eCTh IPUHAJIEKAT KO BTOPOii rpymie. Y 3hupHbIx
Teopuii GoJiblile Beero Bparos (M ¢pefd BBICOKOOOPA30BAHHBIX
OJIy MATEMaTHKOB-TIOTY (DU3UKOB U cpeiu O€3/[yMHO BEPSIIUX B
OKOJIOHAYYHYIO PEKJIAMY CIHEIHATNCTOB), TPEOYIOMUX OT ITUX
TeopHil HEBO3MOYKHOTO: Cpa3y OOBIACHUTDH BCE CYIIECTBYIOIINE B
MEpe ABJIeHUs (3aKpBIBasi IJa3a Ha TO, 9TO Beb COBPEMEHHbIE
TeOPHH He TOTHKO He OObSICHUIM BCe SBJIEHUs, HO U UMEIOT MHO-
JKecTBO TPOBJIeM U BHYTpeHHUX nporuBopeuwnii). Teopun adupa
BeCbMa Pa3HOOOPA3HbI, JlayKe [IePEUUC/JUTh BCEX aBTOPOB ObLIO
OBl CJIOXKHO, TIO9TOMY IIPOCTO MPHUBEIEM HEKOTODBIE XapaKTep-
Hble npumepbl. Hampumep, sto u razossrii sdup (B.A. Arokos-
ckuit; IT.J1. TIpyccoB), u 3/1€KTPOH-TIO3UTPOHHBI, nin GHOTOH-
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wbiit 3dup (A.B. PoikoB), u 3epuuctsiii 3dbup (A.U. 3akazun-
koB), n gomennbrit 3bup (K.A. Xaiigapos), u pasHOUMEHHO 3a-
psizkernbiii a3¢bup (D.D. Topbanesny), u 3bup, UMerOIIHit 3aps
onroro 3naka (B.M. Mupknu), u teépasiii adup (E.B. T'yces),
u xugkuil 3up (B.M. Anronosn), u muorue japyrue. HYacrud-
Ki caMoro 3gupa ToxKe MOIYT ObITh W U30TPONHBIMHU, U AHU-
30TPOIHBIMI, U HECKOJIHKHX COPTOB, W 00J1a1aTh PIIOM CJIO0XK-
HBIX CBOMCTB, U TpaHCHOPMUPOBATHCA U T.0I. HekoTophle Teo-
pUM JOCTATOYHO XOPOIIO NMPOPabOTaHbl, KaKue >Ke HalmpaB/ie-
HUS MOYKHO CEPbE3HO aHaJn3upoBarh?! OUEBUHO, ITO TOJHKO
COBOKYITHOCTD KCIIEPHUMEHTAJIbHO MOATBEPXKIAEHHBIX HOBBIX
ImpeacKazaHuii Moria Obl IOATBEPANTH UM OIPOBEPTHYTH TY
W WHYIO TEOPHIO, WM 3aCTABUTH OTKA3ATHCSI OT BCEX (SCHO,
9TO peKJaMupyeMble OOIIeNPU3HAHHON HAYKON ONBITHI HE MO-
IyT PACCMATPUBATHCS KaK KPHUTHYIECKHE). A MOKa MOXKHO Clie-
JIATH CJICIYIONIHME 3aMeYaHus 110 “BHYTPEHHHM MpobJieMaM Io-
J10bHBIX Teopuii. Ecam vactunst agpupa crrocodHbI TpancghoOpMu-
POBATLCSA, TO KAKOB MEXAHU3M CAMOBOCCTAHOBJICHHS U MOJIEP-
JKaHUS SKCIEePUMEHTAIbHO BepU(PUIUPYEMOR MJIEHTUYHOCTH U
JIUCKPETHOCTH MHOTHX 0ObeKkTOB Hamero mmupa? as gacrun
s¢upa, 06/1aIa0MKX CI0KHBIME CBOHCTBAMHU, OIIATH BOSHUKA-
10T TPOBIeMBbl O0bSICHEHNST STUX CBOWCTB (MX NPHYUH W Me-
XaHW3MOB BO3HUKHOBeHUs! U jeiicTsus). Hampumep, ecau Mbl
paccMarpuBaeM dacTHIbI ddupa, 0018 1afIIme 3apsaiamMmu 000-
UX 3HAKOB, TO NPEKHUE HEPENIEHHBIC BOIMPOCH OCTAIOTCS: Ka-
KH€ CHJIBI YAEP:KUBAIOT KazKIbIl 3apsiyl KaK eIuHOe Ie10e, Ka-
KOB MEXaHMU3M MPUTSZKEHNsI 3aPsA10B MPOTHBONOJIO0KHOTO 3HAKA
(TO ecTh BOUPOCHI OLSATH HEPEHOCATCsE HA bostee TuryboKuil ypo-
Berb)? Iloyemy 3apsiipl He HeliTpanusyiorcs? u ap. Eciau xe
9(pup — 3TO PACTAJKMBAIONIMECT YACTHUIBI OJHOIO 3HAKA, TO



SamMevaHusT K aIbTePHATHABHBIM TEODHSIM 196

[OYeMy Halll MUD He SBJSETCs YUCTO ra30BbIM (HO OH CKOHJIEH-
CHPOBaH TaKzKe B TBEDJbIe U KuaKue 00beKTh)? [l TBEpaoro
aupa riaaBHbe “BHYTPEeHHHE  BOINPOCHI — YTO VAEPXKUBAECT ITO
TBEP/IOE 00paA30BaHME BMeCTe, U O0bsICHUTh MEXAHU3M JIBUIKE-
HUsI CKBO3b HEro 06€3 TOPMOYKEHUS /)il COBEPIIEHHO PA3IUIHBIX
10 pa3MepaM U YHEPIUsSIM 0ObEeKTOB OT TaJJaKTUK 0 3JeMeHTap-
HBIX gacTull (12, GOTOHBI MOTYT MPOXOAUTH Yepe3 KPUCTAII, a
9JEKTPOHBI JIBUTATHCS B METaJIJIe, HO MOJOOHOEe HPOUCXOINT B
TBEPJIOM TeJIe TOJHKO s HEKOTOPHIX O0OBEKTOB W B OTPAHU-
YEHHOM J[HANA30He YHEPrHil).

Yero 6b1 x0TEI0CH 0kKuAaTH OT JiI000i Teopuu? [lo kpaii-
Heil Mepe: 1) BHYTpeHHE HEIPOTHBOPEYHBOIO, MOCIEI0BATE -
HOTO TOJIXO/IA K ABJIEHHUAM; 2) aJTOPUTMUIHOTO OMIUCAHUS BCETO
KOMIIJIEKCA PAaCCMaTPUBAEMbIX SIBJICHUIT enqnHbIM 00pasoM (6e3
YACTHBIX THIIOTE3 JIJIsd KAZK/I0TO YaCTHOTO Caydas, 0e3 Mojris-
JIBIBAHWS B OTBET); 3) MOJIyYeHWs] W3 MePBbIX MPHHIUIIOB BCEX
KCIEPUMEHTATHHO U3MEPSIeMBIX BEJIUUINH, a HE 3aMaTeMaTH3H-
POBAHHBIX UI'P € HCKYCCTBEHHO BBIIYMAHHBIMHU IITy4KaMu; 4)
HOBBIX 9KCIIEPUMEHTAJILHO [IPOBEPSIEMBIX MpeICKa3aHuil; 5) 1o
BO3MOXKHOCTH, O0'bSICHEHHUsI IPUYUH ¥ MEXAHU3MOB sIBJICHUIA.



1locaecaoBue

B cnopazr nem wu svicuiux, Hu HUSWUT,
HU 36aHUL, HU UMEH; BANHCHA 00HA AUULD
ucmuna, neped Komopoti pasHwl, 6ce.

(P. Poanan)

ABTOp paccMaTpuBaeT cBO0O KHHTY Kak [Iporpammy s
00OCHOBAHWST W BHECEHWS TOC/EIYIONMNX U3MEHEHUN B TEOPHIO
3JEKTPOMATHUTHBIX sBJeHni. [lymaio, MHOTHe W paHee CTaJ-
KUBAJUCh ¢ HEKOTOPBIMU YaCTHBIMU HECTHIKOBKAMU U MpobJie-
MaMHi PacCMaTPUBAEMON TEOPUM, HO BPsi/I U OBLIN 3HAKOMBI B
[IEJIOM CO BCeil cucTeMoil TOATACOBOK, HECTBIKOBOK, HCKYCCTBCH-
HBIX TUIIOTE3 U BHYTpeHHUX 1pod/ieM. [ToaTomy 3aiaya HacTOS-
et KHUTK ObLIa “CHSTD IMOPHI ¢ I1a3”, MOMOYb 3ayMAaThCs ca-
MOCTOATENbHO HA/T CYIIECTBYIOMUMHE MPOOIeMaMi H OTHOTIEHN-
eM K HAM. A 7SI 9TOTO HAI0 He JOCTABATH U3 MAMSITH KOTA-TO
BBIYYeHHBIE SKCIIPOMTHBIE 3aTOTOBKH, & HAYIUTHCS CMOTPETH Ha
BCE OCO3HAHHO, “C OTKPBITHIMHE TJIa3aMHi’. 3HATH, MOYEMY KOT /A~
TO “Ha pa3BUJIKE JOPOI” ObLIM UPUHHATHI T€ UM UHbIE pusnye-
CKUe OIpeJieIeHns, UJler, 3aKOHBI, METOIUKHU. Y METh C MMO3UITHH
HAKOTHBIIUXCS K HACTOSIIEMY BpeMeHH (DAKTOB U OIIBITOB OIe-
HUTh HJIeU TIPOMLIOrO U, B CIydae HEOOXOIUMOCTHU, BEPHYTHCS
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Ha TY 2Ke “pa3BHJIKY JIOPOI” M cjiejiaTh OoJjiee MpaBUIbHbBIH BbI-
oop.

Kro-To MoxkeT ckazarh: ‘3adeMm BOOOINE HYXKHBI MOI00HBIE
KpUTHYeCKHe KHUTH, TeM Oojee UTO B3aMeH He MpeTaraercs
roroBast Teopus?’ OJHAKO, BcsdKasg padoTa JIOJKHA OBITH Cle-
JlaHa K MecTy u BO Bpewms, mHade 310 — ‘Cuzudos tpyx’. B
TEeKyIIee BpeMsl HaydHOe COODIIECTBO IMOKA He TOTOBO K NMPHHS-
THIO KaKuX Obl TO HU OBIJIO HOBBIX Ujieil B 00JaCTH TPUIOZKE-
HUI 3JIGKTPOMATHETU3MA, CIUTAs JTEKTPOIUHAMUKY 00Pa3IOM
crporoctu. Ho Bejb byHIaMEHT HAyKu KacaeTcd KazKJIoro ¢pu-
3uka. CTOUT JTH KJIATh OYepeHON PEBOJIIONNN, WU yKe CTOUT
HAYYUTHCsI OBITH GOJIee 3PEJbIMA U BOBPeMsl (IBOJIOIIHOHHBIM
MyTéM) MCKATh pasperiieHnst Bo3HuKaomux npobiaem? He mpsi-
TaThCs, KAaK CTPAYChl B IIECOK, & 00CYZK/JaTh TPY/IHbI€ MOMEHTHI.

K coxanenuto, “Beukue pu3nydeckue peBOIONUN  TPUBE-
JU K YXYIIIEHWIO CATYaluu B HaydHOoM Mupe. Haydunoe coob-
IECTBO U3 YEeCTHBIX MCCaeqoBaTe el (3anHTepecoBaHHbIX B Vc-
THHE) CTAJI0 HPEBPAIATHCS B AHEPTHYIO MACCY, T JI0J15 HCTHH-
HBIX YYEHBIX OTHOCUTEJIBbHO HeBesinka. [Ipomece camoounienns
U CaMOOpPTaHU3aIMK MPAKTHIECKH Mepectas paborars. B nayd-
HOM COODIIIECTBE B HACTOSTIEe BpeMs YCJIOBHO MOYKHO BBITETUTH
HECKOJIBKO IPYTI: 1) HCTHHHBIE YUEHBIE, 2) TPOCTO OMJIAYHBae-
Mble Hay4YHbIe PAOOTHUKH, 3) YMHOBHUKY OT HayKH, 4) ujeiiubie
JIZKeyIEHBIE.

Yuemo JKeyIEHBIX OT HAYKH, TOTOBBIX B KOPBICTHBIX WH-
Tepecax Ha “dépHOe’ TOBOPHUTH ‘Oejioe”’, HEBEJMKO, HO OHU 3a-
XBaTU/IU PAKTUYECKHU BCE “pekjiamuoe BpeMms’ . K odunualibio
MO/I/TEPYKAHBIM JIZKETEOPUSAM HAJ0 OTHECTH COBPEMEHHYIO KOC-
MOJIOTHIO B 00€ TeOPUH OTHOCHTEJBHOCTH (CaMO HAJIHYHe KBaH-
TOBOIl MeXaHUKU TOBOPHT O TOM, YTO Ha MAaJIBIX MacliTadax
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COBpPeMeHHas 3JeKTPOJNHAMUKA CTAJKHBAETCSI C BHYTpPEHHH-
MH HpO6JIeMaMI/I). AKa,ZLeMI/ILIeCKI/Ie YUHOBHUKHU IIOAACPZKUBAIOT
CTPOruil OIOPOKPATHIECKUN TOPSAI0K, OHH “AeprKaT HOC IO BeT-
py”’, TOTOBBIE OKAa3aThCs “C (hJIaroM BIepe i’ roCIOACTBYIONIErO

MHCHHU.

[TogaBsionyo ke 4acTh HAYIHOIO COODIIECTBA COCTABJIS-
0T MPOCTO OIIAYUBAEMbIe HAYUYHBIe PAOOTHHUKHU, OTOBBIE 3a-
HUMaTbhCA 9eM YTOIHO. MHOFI/Ie TOTOBBI Y€CTHO pa6OTaTb7 HO B
mpeJiesiax pacCTaBIeHHBIX KeM-TO “KpacHbIX (aakkoB”. A 3Ha-
YUTEbHAS YACTh HAYYHLIX PAOOTHUKOB JlayKe He 331y MbIBAIOT-
Cd O TOM, 4YTO 2K€ TaKO€ HayKa 1 O HPaBCTBEHHBLIX aCIleKTaXx Je-
ATEBHOCTH YUIEHOTO (TaKoe BIIeYATJEHHe, YTO B IMOJCO3IHAHIE
UM BHEJIPEH CTEPEOTHIT BETHO CIENTAIIero KOmaTeis, TOTOBOTO
JIIOOYIO HAXOJKY BBIJIATH 33 K/l U YKAXK/IYIIero Impu3HaHUs,
KaK KOHEYHOH IeJIH).

[Tozumnusg Mctuanoro y4éHoro 3amedarebHO ¢HOPMYIAPO-
BaHAa B CJIe/IyIONEM BhicKa3biBaHnn. KTO X04YeT BhIABUTH MC-
THUHY, TOT HE MEHee YCEPAHO HUINeT €€ m B yOerKaeHu-
AX WJIN IIPEANOJO0XKEHUAX MPOTUBHUKA. . . OH cTapaercsd
MIOMOYb NPOTUBHUKY HAWTU AJsI €r0 MBICJHN CJ0BAa, KO-
TOopbie HamboJiee TOYHO BhIpakajiu 0b1 €€. OH mbITaeTcd
MOHATH NPOTUBHHUKA JIydIlle, 4YeM TOT caM cebd moHu-
maeT. BmecTo TOro, 4To0n NCHOJIHL30BATH KAXKABIH CJIa-
ObIil MYHKT apryMeHTAIUU NPOTUBHUKA AJid HU3JI0XKe-
HUs, PA3BEHYAHUSA U YHUUTOXKEHUS TOTO J1eJIa, KOTOPOoe
OH OTCTAWMBAET, YYACTHUK IIPEAMETHON AUCKYCCUU IIPU-
JlaraeT yCUJInsg K TOMY, YTOOBI U3BJI€Yb 13 YTBEP>KACHUIH
MIPOTUBHUKA BCE TO IEHHOE, YTO MOMOKET BhIABJICHUIO
uctusbl. (T. Korap6uubckuii)

Muorue JIn OTHOCATCA K IIOUCKY I/ICTI/IHBI, K IIPOABUZKEHUTIO
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CBOWX W UyKUX PE3YIbTATOB U K METO/IaM BeJIeHUsd JTUCKYCCHH,
kak Vcrunnasie yaéusie? He crouT BocnpuHUMATE 00CY K/ I€HIE
HAyYIHBIX TeOPUil B JIyXe *KUBOTHBIX HHCTUHKTOB KOHKYDEHITHH
“3a mecro mog Coannem”! [laBaiiTe, HaKOHeI, OTOWIEM OT IO-
POYHOI IpaKTHKHU ‘3aMeTraHus 11podJieM 1101, KOBEP”, a, Hao0o-
pOT, cTaHEM YEeCTHO cooOmaTh 00 MMEMIuXCca B (PU3NIECKUX
TEOPHUSAX HECTHIKOBKAX, MPOTHBOPEUUAX C APYTUMEH (DAKTAMH
WM TPOBEPEHHBIMH TEOPUSIMHU, O HEAJTOPUTMUYECKUX MpUé-
Max, JOMOJHUTEIBHBIX Tunore3ax ad hoc, nHepeménubx ¢pusu-
4ecKuX, (pujiocopCKux, METOJOJOTHYECKUX WJIM MaTeMaTuye-
ckux npobdbsemax. Korma stu mpobsieMbl OyIyT 4eCTHO BbhICBeYe-
HBI, TO JIFOOOH MCC/I€I0BATEh CMOZKET TOMBITATHCS UX DEITUTh;
U eCIU TO He CMOYKeT cJeslaTh Hallle TTOKOJeHWe, TO HaBep-
HdKa CMOTYT CJeNaTh CJAeIyIOoNie HOKoJIeHnsd. BayKHO, ITOOBI
KazKJIOMy HOBOMY IOKOJIEHWIO HE HPHUXOJMIOCH € HyJId “TIOJI-
[IOJIBHO BBIKOBBIPUBATH 9THU IIPOOJIEMBI U3-110/ KOBpa, a MOKHO
ObLJIO OBl camMble MOJIOJBIE W CAaMble MPOAYKTHBHBIE TOIBI CO-
CPEJIOTOUYNThCS Ha uX obmyMmbiBanny u pemtenun. (Hampumep,
MaTeMaTH4YecKre KHUTH C 3arJlaBueM, HAaUHHAIOTIIMCA CJIOBAMME
“Hepeménnbie mpob/ieMbl . . .”" BCerJa BIOXHOBJLIOT, B OTJINYNE
OT HBIThs] HEKOTOPBIX “BbIa0MuXcst’” (DU3UKOB O KOHIIE HAYKH. )

Beuto OB HEmI0X0, ecau Obl TOCYIAPCTBO, KaK T/IABHBIN
CIIOHCODP HAYKH, BEIPAOOTAIO KPUTEPUl HE3ABUCUMOM OICHKH
HPABCTBEHHBIX KAYECTB YYEHOTO, €r0 YeCTHOCTH W CIPABE/IN-
BOCTH B BBITIOJIHEHHH CBOUX PabOT U OIeHKe paboT JIPYTHUX yUé-
ubix. [lo kpaitneit Mepe, jazxke cama MOCTAHOBKA TaKUX BOIMPO-
COB 3acTaBuia Obl MHOTUX 33/lyMaThCsi (B OTCYTCTBUE BUJIUMbBIX
HAYYHBIX TPOPBIBOB, HCKYCCTBEHHO HABA3BIBAEMBIE H3BHE CO-
BpeMeHHbIe (DOpMA/IbHBIE KPUTEPUN ONEHKU HAYJIHON AedTeTh-
HOCTH CKOpee 3acTaBiasgiorT "rHarh mwian"m "KydukoBarbes O.1u-
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JKe K BJIACTHBIM KJIAHAM YeM IOJIY4aTh CTOSIIHE Pe3yJIbTAThI).
Heobxoaumo BbipaboTaTh B Hay4dHOI cpejie aJIeKBaTHOE OTHO-
IeHue K JUCKYCCHSIM Ha caMble TIHPOKHE TeMBl, K TOTOBHOCTH
[IPU3HABATH JIONYIIEHHBIE OMMUOKN (HET HUYero Tparmdeckoro
HE B omuOKax, HU TeM Oosiee B ux npusnanuu). Moxer rorma
BO30OHOBMJICA OBbI IIPOIECC CAMOOYHUIIECHUS HAYKU OT PeaTbHBIX
JIZKEYIEHBIX, HAXOSIIUXCSA ¥ BJAACTH, OT KJIAHOBOCTH U aBTOPU-
Tapu3Ma YHHOBHUKOB OT HayKH. XOTeJI0Ch ObI, 4TOOBI Te, KTO
3aHUMAaETCs HayKoil, nckagn He “cBoé mecto moxa Coanmem” B
9TO#1 06/1aCTU JAEATeIbHOCTH, 8 3aHUMAJIMCH JIEHCTBUTE/IHHBIM
nouckoM Merunpl. Xoreaoch Obl, 9TOOBI B HAYyYHOH cpejie OBbLIO
oousibiite Hacrosimux y4aéabix. Ha Takom momnpwuie He J0JKHO
OBITH KOHKYPEHTOB-TOPOIBIZKEK, HO JIHIIb YeCTHBIE B JT00POCco-
BECTHBIE JTIOJU — COIO3HUKU U €TUHOMBIIIICHHUKH.
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