H3HHA NS BCER

AW. Ruraiiropoackui

ONEKTPOHbI




Huura 3

‘A.N. Hurairopoacxui

ONEKTPOHDbI

MOCKBA «HAYKA»

FNABHAA PEAAKUMA

, OUINKO-MATEMATHHECKON ANTEPATYPH
1979



22.3
K45

VIIK 5304 (023)

20401—006

AHHOTAAA

«Dusura 48 ecexy J. J]. Tanday u A. H. Kumadl-
2opodckozo emnywena 6 1978 2. uemeepmum usdanuem
6 sude-deyz omdeavnnz Kruz: «Dusuneckue meaan (xnueal)

u «Mosexysty (wnuea 2). Knuea 8 «Daexmponu», -
nanucannaa A. M. ~Kumaiieopodcrxum, enzxodum enepenie’
u sesaemcs npodoswenuex «Dusuru 94l ecexd,

B smoi xruze noiidem pews o ssaenuax, zde Ha
népaua naan ewxodum caedyowuil yposeid cmpoenus
BEUYECTNBA ~— AEKM PUNECKOE CIM POEHULE AMOMO8 U MOACKYA.

B ocnose saexmpomeznuku u paduomernuxu, Ges xomo-
PHE HEMBCAUMO CYujecmeosanue Co8peMenHOl YUSUAUSA-
yuu, Jexcam 3aKOHbH CeUNeHUR U 63auModelicmsus
SAEKMPUNECKUT LaCMUY U 6 NePEYI0 ouepeds 94K POHOE ~—
K6LHMO8 9AeKm pukecmea. ’ . .

Jaexmpuneckuil mox, MacHEMUSM U SACKM POMAIHLM -

HOE nose — 60M 24G6HHE MEMB dMOU KHUU,

*

K W 1‘29 -78. 1704000000 Qusxxo-umeua’ruwecuoﬂ

naTeparyps, 1979

© «Hayra»., T'IaBHAA peRaKnBA



L

OI'JIABJIEHUE

Hpenmcnosne ‘

I'mapa 1. 3JEHRTPHUYECTBO

-DNeKTPUIECKU TOK

Henoppuxaoe 2JeKTPHIECTBO
JlleKTpUIECKO® II0Je ) -
YTo B3ATH 33 OCHOBY

HKaxr paspusasioch yiemme o0 dieKTpmuecTBe

Iaasa 2. 3IEKTPUYECKOE CTPOEHI/IE BEIHECTB‘A 27

Hanmerpmag mnopuns anempmec'rna
TIoToKE HOHOB
ONEeRTPOHHHI NyY
Onnr_ MunagkeHa
OfieNtb aToMa

" KsanTOBaHEE 5HEPrum
Tlepuopmyeckuil 3akoH MeHpereeBa
DIEeKTPIIECKOe CTPOEHNE MOTeKy X
JEoileKTPERY
HpoBoauMoCTs razoB
€aMOCTOATeNBHEA Paspsn
BemecTBo B COCTOAHAM IIJIa3MEL
Meranus
BrXo0 31€KTPOHOB U3 METaJaa

" TepMo2sIeKTpUYeCKEe ABIEHAA
ITonynposofHAKE
p—n-TIepexof

Taasa 3. JJIIEKTPOMATHETH3M

Mepa MarEETHOTO IO

JelicTBAA OTHOPOAHOTO MATHHTHOTO TOJSI
HeiicTBEA HeOXHOPOTHOTO MarEETHOTO NOAA
AMIIGPOBH. TOKH

dnexkTpoHHOE 06IaK0 aTOMa

MarsuTHEe MOMEBTH 9aCTHI|
DJIeKTPOMATHETHAS HHRAYKIWA



HanpasieRne WHAYKIVOHHOTO TOKA 112
K mcTopHE OTKPHTHA 3aKOHA HI6KTPOMATHATHOR

HHAYRIHA 113
BuxpeBiie MHAYKOMOHHEE TOKHU 116
MNHEAYKOUOHHEBIH TOTIOR 118
MarsauTHasA BOCHPHUMYHBOCTD jKeJe3a 119
JoMeHn . 123
JlmaMarHUTHEe ¥ DaPaMATHHTHLe Tella 125
MarsuTHOe moje eMaE . 127
MargauTHEe TOJA 3Beaf 130
I’'nasa 4. KOHCIIEKT JJIEKTPOTEXHUKU 132
Cnayconpmanpaasa dJC 132
TpaachopMaTops : 139
ManmiEBEB, KOTOPHeE CO3JAI0T aaxempmecxnn Toxk 141
DNEKTPOABHTATeIH 146
IF'aabBa 5. E)JIEHTPOMAI‘HI/ITHOE IIOJIE 153
3akoHN MaKcBemia 153
MexaHnYeCKre MOREIAHM MBJIYYCHUS 159
JlBa acmeKTa 3;ieKTPOMATHHTHOIO TOJA 164
®oroanekrpudecknit addext 168
Onurre Fepna - 171
Knaccupuranusa sieKTPOMATHATHOTO ManydeHus - 177
I'masa 6. PAUO - 181
CTpaHWIKHE HCTOPHA .. 181
JIaMOOBEI TPHOA W TPAHBUCTOP . 188
Papguonepegaua - . 191
Pagnonpuem | 195
Pacnpocrpanenue _panuoBonH 197
Papuonoramus 199
Texesugenne : “ 202
MUEKpO2I8KTPOHHEI® CXEMR 206



[PEVICJIOBUE

B nepsoii kumre cepmm «@PusnKa AnA BCeX» UMTATEAD
IIO3HAKOMHEJICA C 3aKOHOMEDHOCTAMHE JBI)KOHHA O00JbHIIAX
TeJ W CHIAMM TATOTeHHA. Bropas kKmmra O6nua DOCBS-
ImmeHa MOJNEKYJASAPHOMY CTPOGHHI0 BEMIECTBA H JABIKEHHIO
MOJIEKYJI.

B oroit Tperpeil KHWIe MBI PaCCMOTPHM 3JEKTPHIECKOO
CTPOEHHWE BEMECTBA, DJICKTPHYECKHE CHIH K a.nen'rpouar-
HHTHOE .1I0JIe.

B caenyiomeit, gerseproii Kuure moiifier peds o ¢oro-
HaX, CTPOGHHH ATOMHOTO fAAPA M ANEPHHIX CHAAX.

Yernpe xuanra GyAYT cofep:xaTh CBEJiGHAS 0 BCEX OC-
HOBHHIX NIOHATHAX W 3aKoHax ¢nsmku. Homkpernne dax-
THI, H3JIaraeMsle B HEX, OTOOPaHH TaK, 9TOOH KaK MOMKHO
bomee OTYETAMBO LIPOHJIIOCTPHPOBATH Cofep:KaHme ¢uam-
9eCKAX 3aKOHOB, UPOJIEMOHCTPHDOBATH XaPAKTEPHH® A
‘¢pusnKm IpPHEME DPACCMOTPEHMA ABNEHMH, NATh HPEACTaB-
JeHMe O TOM, KAKHMH IYTAMH IO pasBuTHe (UIMKH, H,
HAKOHEN, B CaMHIX OOIMX 4YepTax HOKAasaTh, 9T0 (PUBHKa
_ABagercA QyHIaMEHTOM BCETO eCTeCTBO3HAHMA ¥ TeXHMKH.

Ha rnasax ofHOr0 IOKONEHHA AWIO0 (MBHKA NM3MEHH-
aocb. MHorme ee raaBH pas3poCiANCh B CaAMOCTOATEIbHEE
o6nacTm, mMeloIe OTPOMHOE HPWKJaAHOe 3HadeHme. [y-
MaeTcsa, YTO CerofHsA HeAb3sA CIATATH ce0sa 06pasoBaHHEIM
9eJ10BeKOM, 3HAA JHMIIb OCHOBH ¢uauku. Onsukei dia ecex
AOJKHA CTATH CepHA KHHAT, C MOMQIIBI0O KOTOPHIX JHLA Ca-
MEIX Pa3HKX mpodeccmii CMOTYT MOJAYIATH HPEACTABICHHE
0 npuHIUnax (uaMKW ¥ y3HATH, KaKHe HOBOCTH NPOM30-
mun B QM3AgECKMX HAYKAX 8a NOCJACHHME AECATHICTHA.

Koneuno, nauGoasmuii HHTEpeC 9Ta CEPHA LPEHCTABHT
BCe jKe JJIA mnpemofaBaTenell W JJdA IIKOJIBHHKOB, >Ke-
JAaI0IAX DOCBATHTH ceba ¢uauke. .



f1 ouepenHoil pas HANOMHHAKI® YATATENIO; YTO OH HEpP-
AT B PYKax He yueGHUK, a Hay4YHO-NONYHIPHYIO KHHTY.
B yueGumxe 06peM, OTBEIOHHBI TOMY WJIM MHOMY MaTepn-~
aly, OAKTYyeTésa TPYRHOCTHIG ero moHmMaHma. Hayurno-
nONyJNsipHAA KHHIA HE CJAe[yeT 9TOMY HPaBMIY, M MOTOMY
pasHHE ee CTPAHMIH YATAIOTCA HE OJMHAKOBO Jerko.. Jipy-
IEM CYINECTBeHHHM OTIHYHEeM ABJIAETCA TO, YTO B HAIIMX
KHATaX MBl MOJKEM paspemnTh cebe cXeMaTHIHOe H3JIO0MKe-
HAe PAXa TPAJUIMOHHEIX IVlaB, 3aCTABHB CTAPHI MaTepmal
TMOTECHUTHCSI W JaTh MECTO HOBOMY.

Teneps o kunre «Jiexrpons». HeobxoxumMocTs HAmOM-
HUTHb ONpeJeJeHHA NPOCTeHINAX NOHATHI, C IIOMOIIBIO
KOTOPHIX ONHECHIBATOTCA DIEKTPHIECKNe ABJIEHNA, i HCIOJb-
30BaJ B HECKOJBKO CB0eoOpasHO# Gopme, a MMEHHO IIOMbI-
TaJCA [aTh HpeicrasieHme 0 (EHOMEHOJOTMIECKOM IOJ-
xofe K ¢uauKe.

JiBe rnapu M3 mecTH nocsamenm npmmannon ¢$usnke.
ONeKTPOTEXHAKA [laHA B BHAe KOHCIEKTA. JleTanpHoe omm-
caHme »TOTO HpemMera Tpebyer oOpAmeHHS K UepTEKaM M
cxemaM. IloaToMy MH COWIN BO3MOKHEIM OTPaHHYHTHCH
M3JI0KeHNeM JIAIb OCHOBHHX OPUHINIOB BIE€KTPOTEXHAKH
¥ BaKHHX (aKTOB, KOTODHE JON:KeH 3HATh KayR[BIi.

Tax e oGcTouT feno u ¢ IIaBoil, FOCBAMEHHOH Pajuo.
Manmiii 06'heM KHATH MO3BOJMI KOCHYTBHCA JIMIIL HUCTOPHA
Bompoca W Geraoro M3IOKeHWS OCHOB PaANOTeXHMKH.

)

- A H. I(;umaﬁeopoacnud



''naBa 1

5JIEKTPUYECTBO

-

9JIEKTPUYECKUN TOK g

Ha npumepe yuerna o6 aneKTpmuecTBe MOKHO (¥ KO-
HO) 3HAKOMHTH UMTATENsA, OPOABIAIOMPro mHTEepec K ¢um-
31Ke, ¢ TaK HA3EBA6MHIM (JeHOMEHOJOTHIECKVM HOAXOXOM
K m3yuenmio mpupofn. CroBo «peHOMEH» B mepeBofe 03-
madaeT AsueHne. Iloxxopn sxe, 0 KOTOPOM HAET peds, COCTO-
WT B CI[yIOMmeM. Hccnenonarexs He HHTepecyeTca «upu-
ponoii Bemeii». OH Hoxb3yercs croBaME JEMB AJs TOTO,
9T00B pacckasaTth 0 gakrax. Ere meas — He «06BACHATEY,
a anmpb ommcarb aBiennme. Ilogrm Bce TepMmHH, KOTOPH®
OH BBOJIMT, MMEIOT JJiA HeTO CMHICI JHIOb B TOM Ciydae,
€CJIH MOKHO YKa3aTh CIOCO0 OMEHKA IHMCIOM TeX WId HHHX
DOHATHIA. ~ )

eToxbko Ana Toro, 9106H 06IerATh ClOBECHOE HBIO-
sxenne GaKTOB, OH MpHGEraeT K HOKOTOPHM BCIOMOFATeb-
HEM Ha3BaumaM. Ho HX poxb €oBepMIEHHO BTOPOCTELEB-
Hafg; BMECTO HHMX MOKHO OLUIO OH UPEJNOMKHTH XDPYTHEe
HMeHA WIH TOBOPHUTH (HEUTO» MIH (ITO-TO®.

(DenoMeHOIOTAYECKAR METOR, HTPaeT B €CTECTBOSHAHUN
OTPDOMHYIO- POJIb. A 9JEKTPHYECKN® ABJOHHI — HA Dpej-
KOCTb TIOAXORAINAA HPEMep AJA TOTo, IToGH IATATeNH HO-
HAJ er0 CYMHOCTS.

B komme sToil rIaBH A BKpaTIHe paccxamy, B Kakoi mo-
CIIe[I0BATEIBHOCTH PasBMBANNCH COGHITHA, a cefiyac HaJo-
Y HeKYI0 HJealbHYIO CXeMy COBJAaHHA (eHoMeHodOTHIE-
CKOil TeOpME BJIeKTPUYCCKEX SBICHMIA.

O6beuauM B ofHOM MmEpmIeckoM mepcoHaske Ilapas
Oriocrera Kynoma (1736—1806), Aneccamppo Boasra
(1745—1827), Teopra Cmmona Oma (1789—1854), Annpe
Mapn Amnepa (1775—1836), T'anca Xpnc'mana -9pcrena

|



(1777—1851), Dmmna X pACTHAHOBATA Jleuna (18047-1865)
B eme HeCkopKuHX 3aMeYarebHHX yICHHIX. IIpencraum
cebe, 9TO 3por mccaefoBarTenb 001aaeT COBPEMEHHBIM Ha-
yUHHM MEyzeAmeM, H BIOKEM €My B yCTa COBPEMEHHYIO
TepMEHONOrmio. OT HMEHH DTOTO WMCCIEA0BATeNA MH H IO-
BeieM N3JI03KeHHe.

OH HadmHAeT CBOI0 paboTy mocTpoeHuA PeHOMEHONOTH-
9eCKON TeOPHUM BJIEKTPNYECTBA C BHHMATEIBHOTO PAaCCMOT-
peHna akkyMyaaropa. O6pamaer mpese BCEro BHUMAHMe,
9T0 y aKKYMYJATOPA HMEKTCA JBa «moaiocar. Baasmmen
3a HAX pYKaMH, OH BHACHHT Cpasy, 4TO Jy4Yme TaK He
menath (yAap RoBoibHO nenpmaren). Ho mocae sroro mep-
BOTQ OIKTA €My IPHUXOJUT B FOJOBY TaKasA MEICJAb: BHAHAMO,
vepes Moe TeJO UTO-TO Npoleskano; HAB0BEM 3TO (ITO-TOH
IeKTPUIEeCTBOM. '

JleiicTBYA €O BCEH OCTOPOKHOCTBIO, HCCJE/I0BATENE Ha-
guHAaeT COGNHHATH IOJIOCAa Pa3JWIHHIMM HPOBOJIOUKAMH,
crepxenpKaMu 1 muypama. On yGexmaerca B caegyiomem
daxre: mpelMeTH, IPABEJCHHEEC B CONPHKOCHOBEHHE C IO-
JocaMm, HHOTHKA HArpeBaloTCA CHJIBHO, HHOIAA caabo; B
HEOKOTOPHIX CIYyYaAX HarpeBaHUd HET. - ’

Tlon6upas mofxofAmue CIoBa [JA ONWCAHMA CHeJaH-
HOTO OTKPHTHA, HCCIE[OBaTeJb pemaeT TOBOPHTb O HeM
rak. Korma A coequHAl moxica MPOBOJOKOH, Mo Heil Te-
ger smexrpmaecrBo. HasoBy aT0 aABjeHEe 21eKTPHIECKEM
rokoM. OMBIT HOKAa3aJ, UTO Pa3Hbie MPeMETH HATPeBAOTCH
no-passoMy. Te, KoTophie Harpesaiorcs mroxo, supho-
II0XO «IPOBORAT) BIEKTPHIECTBO WIM CO3RaioT Gombmoe
CONpOTHBICHAE MpOTeKaiomeMy TOKy. MIx MoykHO Hasparh'
H30JATOPAME HJIM ANIEKTPHKAMH.

HccaemoBaTesns HauanaeT paboraTh ¢ xuaKocTAMA. BE-
AcHsercA, YTO W 37eCh pPasHEe BeI[eCTBA BeAyT cebsa mo-
pasmomy. Hakomen, fnesnaercs mHTepecHoe OTKpPHITHE: B3fB
B Kauec.Be JKMJKOCTH DPAaCTBOP MEJXHOTO KyHmopoca M Omy-
¢THB B BAHHOUKY YTOJNbHHE BJICKTPOAH (TAKOe HA3BAHHE
faercsa mpefMeTaM, IPHKPEIVIeHHHM K IOJI0CaM), yIeHE
o6HapyxABaeT Ha OfHOM H3 yIJedl KPaCHOBATHIA OCANOK
mega. - - : i ) v

Temepb HCCIE0OBATeNb yiKe COBePIEHHO y6exneH, 910
ABeHHe, KOTOPOe OH HM3ydaeT; CBA3AHO C TEUCHMEM KaKo-.
ro-ro ¢aonfa. fIcHO, 9TO mMeeT CMHICA TOBOPATH O Ha-
npapiennd TOKa. CKaskem, yCJIOBHMCA HOMETHTb 3HAKOM
MHEHYC TOT 9/IEKTPOJ, Ha KOTOPOM OCaK[aeTcsa Mefb, a APy-

8 - - -



roif CYHTATE WONOKHUTEABHHM. IIOCKONIBRY NJIMEHO roBO-
pATh (OTPHINATENBHHH BIGKTPOM» M (HOJNOMKHETEIbHHIE
3MeKTPOMY, AJA HAX HPEJIATAlOTCH TePMUHH KaTOM M aHOA.
Tok TeueT OT WICAa K MHHYCY, T. €. OT aHOZA K Ka'rony i

Ho menHoCTH OTKPHTHA Ha 9TOM AJ6KO HE KOHUAETCH.:
YcranasanBaercs, 9TO KaKAYI0 COKYHAY Ha KATON@ OT-
KJIA/IbBACTCA ONMHAKOBAA Macca Me[Id. Bannmo, aToMui
Mein HecyT Ha cebe amexrpmueckmit paioma. ITosTomy wc-
cHIeN0BAaTeNh BBOJAMT B OOHMXOA /BA HOBHIX repmmHEa. Bo-
mepBHX, OH moJIaraer, 9To Macca M Megn HPONOPLIAOHATL-
Ha KOJIHYeCTBY g HPOINeNmero N0 Neld 3IeKTPAIecTsa, T. .
BBOJHT OIpefieJieHUe

. q=kM,
rne k — xoasppumument npomopnumonaxbHoctn. U, BO-BTO-

pBIX, OH OpefsaraeT Ha3BaTh CHIIOH TOKA KOJHYECTBO DJICK-~
TPN4ECTBa, IPOTeKaIlOee HO IEeHH B’ CIUHUIY BPEeMeHM:

’ I=q/t.

Hccnenosarens cymecrsendo oborarmiacsa. OH MoeT
XaPaKTEPH3OBATh TOK ABYMS M3MEPACMBIMH BOJIHYHHAMM:
KOJIM4eCTBOM TeIJa, KOTOPO® BBIJEJACTCA HA OMpefeleH-
HOM YYacTKe Ield B eJMHANY BPeMEHW, M CHJIOH TOKa.

Temepsr y Hero Bo3HUKaeT HOBafg BO3MOYKHOCTB: CpAaB-
HHETH TOKM, CO3/laBaeMble PasHHIMH uCTOYHHKamd. Mzme-
pserca cmia ToKa [, m3amepserca sHepraa (), KoTopas
BHeJNsAETCA B JOPMO TeIlla OfHUM H TeM 3Ke KYCOIKOM IPo-
Bofa. IloBTOpAsA ONEITH ¢ pasHBIMH OPOBORHMKAMMN, WC-
CcIIef[0BaTeNb BHIACHAET, YTO OTHOMIHW® KOJHYECTBA TeIia
K KOJIMYeCTBY DJIEKTPUYECTBA, IPOTEKAIOMEMY 4epes Ipo-
BOJ, PAsNHIHO [JA DPA3HEIX WCTOYHHKOB Toka. Qcraerca
OPAEAYMAaTh HOAXONANIAHA TePMAH MJA - 9TOTO OTHOIIEHH:.
Bruto BHOpano Ci0BO «HAmpsyeHme». UeM BEIIe HanpA-
MeHHo, TeM OonbIe BHAEAACTCA TeILIa.

Hy uro e, 810 cooOpakeHHe MOKHO CIHTATh o6ocHo-
BaHWEM Bnﬁopa croBa. YeuM Gosbme mampAraercsa Yep0BOK,
KOTODHI TAIHT TEJEKKY C IPy3oM, TeM 6oiee KapKo emy
craHosurcs. Htak, oGo3Hagas HaUPsHKEHHe, KAK 3TO HMpPH-
HATO HuHe, Gyxksod U, monyumm:

, U=Q/q, wma Q="Ulr.

Wrak, mepswe marm cmenansl, O6HapyskeHH [Ba sB-
negua. Tok BHJeNseT BemEGTBO HPH IPOXO/KICHHHE dopesd

9



HOKOTOpHE JKEIKOCTH, TOK BHeaser Temwro. Mepsars Temno
MK yMeeM. Cnoco6 m3MepeHHA KOJNHYECTBA DIEKTPHYECTBA
naH, T. €. JaHO onpedesenue smozo nonamus. Kpome Toro
JAHH ONpefeNeHNs npouseo0Huzr MOHATUH — CHAK TOKA
¥ HAUpSIKeHHsA, o

Hanncan pan mpoctiix Qopmyna. Ho mpomry o6paturs
BHHMAaHHOe: OHH He MOryT OHITh HasBaHH 3aKOHAMH IIpH-
poxsl. B wacrHocTH, HmCCIeNoBaTeNb Hassaa oTHOmenme Q/q
'HanpAyKeHHeM, a He. Hawes, 9T0 (J/g paBHO HANpPAKEHHIO.

A BOT ceiiyac OH mpECTymaer K MOMCKY BaKOHA HIPHPO-
mu1. Jlast OfHOTO H TOTO ke MPOBOJAHHKA MOKHO HE3aBHCH-
MO E3MEPHUTH JIBe BeIHIHHH: CHIY TOKAa W TEIIO, HIH CULY
ToKa W HAOpM;KeHHe (YT0 B NpPHHOHUIE OfHO W TO Ke).

. HccaemoBaHnsa 3aBHCHMOCTH CHJBI TOKA OT HALIPAKEHHA

-IpHBOAAT K OTKDPHTHIO BaxHOro sakona. Ilomasasiomee
601HIMMHCTBO NPOBONHMKOB HONUUHAETCA 3aKOHY: -

U=IR. ) )

Beauwumne R MOKHO Harh HA3BAHWE CONPOTHBICHHA,

B IO JHOM COOTBETCTBHY C HAYAJIbHHIMM KAYeCTBEHHHIMH Ha-

GaioenasAME. @Tarenio 3HaKoMa 3amMCh:.9T0 3akoH OmMa.

IlomcraBiasAs 3HaYeHMe CHJB TOKA M3 BHIpaKeHMs 3aKOHA
Oma B OPeRHAYmMYIO POPMYyay, MH HaXOAHM:
U2 :

=—.

themCL, 49T0 Bac ne.'cuy'rae'r BO3MOXKHOCTH: BaIHACATH
BHIpaj;(eHHe 9HeprHuy, BHIeJAAeMOi OpPOBOMHHKOM B (I)opue
Tenja, ‘A HHaYe: .

Q=1{*Rr.

W3 mepBoii ¢opMyaH Ciemyer, 9TO KOJNHYECTBO TeILIa
06paTHO NPONOPIHOHAIBHO Compormpienmio. I'oopa ary
¢pasy, Hamo N00aBUTH: IPH HEM3MEHHOM HAIPAKEHHH.
VimenHo 9TOT CIyIaf ME ¥ MMEIH B BAAY, KOT/A BIEPBHe
BOCHOABH30BAJIHCH TEPMHHOM «CONPOTHBJIEHHE». A BOT BTO-
pas gopMyna, yTBepKAAOIan, 970 TEMI0 NPAMO IPOLOP-
NHOHAJADHO CONPOTHBJICHMUIO, TPeGyer, YTOGH BH K0o0aBHAM:
mpd HOCTOAHHOH CHIe TOKa. o

B HanmcaHHHX BHPaKEHHAX 9HMTATeNbh y3HaeT 3aKOH,
Koropsili HocuT umena [[moyna m Jlemma.

BrACHEB, 9TO HAaIPKeHHe W CHIa TOKA HPOIOPHHO-
HAJHHH, H HOJY9HB, TaKAM 006pa3oM, BO3MOMKHOCTEL OHpe-

10
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- JeATb COHNPOTHBJ/IEHN® NPOBOAHHKA, HCCICHOBaTEeNb e€C-

TECTBEHHO 3ajlaeTcsA BOIPOCOM, KaK CBA3aHa 3Ta BakHasf
BeJMYMHA ¢ POPMOif B PasMepoOM HPOBOAHHUKA U C BEMECT-
BOM, H3 KOTOPOT0 OH CHeJTaH. .

OOHTH UPHBONAT K CIERYMEMY OTKPHTHIO. OKasH-
Baercdg, 4To - .
. R ek
rae ! — pauma nponommxa, a § — ero momepednoe ce-
genme. 910 mHpocTeiimiee BHPAKEHUe CHPABEIMBO TOTAQ,
KOT/la MEI MMeeM JIeJI0 C TMHeHHEM NPOBOAHAKOM HOU3MEH-
HOTO CéueHMs Io Bceil cpoeit namme. Ilpy xemammm, mpm-
GereyB K Gojee CIO/KHEIM MAaTeMATHYECKAM OIepALAAM,
MOKHO 3ammcaTh (OpMYJy CONPOTHBJIEHHA NJIA HPOBO.-
uEKa mo6o# ¢gopmu. Hy, a uro sro 3a koadduumenr p?
OH xapaxTepuayer MaTeDHa’, M3 KOTOPOIO HBIOTOBICH
DpOBONHEK. 3HAUeHMe OTOH BeJMIMHE, KOTOPAA MOTydHIa
HAa3BaHMe YRENbHOTO0 CONPOTHBICHHS, K0aeb6aeTca B 0YOHD
Goapmux mnpenenax. Ilo Beamaumam p BemecTBa MOTYT
OTJIMIATBCA B MHJKNIMAPAH pas.

HponenaeM enie HECKOMBKO q)opma.nbnmx npeo6paao—
BaHHil, KOTOpHe NIPHUIOAATCA B RaabHelimem. 3axoH Oma
MOKHO 3ammcaTh B Takodl dQopyme:

s

. ol

IIpuxogmres 4acTo BCTpPEYaThCA ¢ OTHOIIEHHEM CHIHL
TOKa K IJIOMaAW CeUeHAA HpoBopHmKa. Ero BashBaior
IIOTHOCTHIO TOKA M 00o3HauawT 06uIH0 OykBoi j. Temeps
TOT jKeé 3aKOH SaIHINETCH TaK:

., 1 U,

=TT
- HccnepoBaTtenio Kamered, . 9ro ¢ 3axonoM Oma eMy Bce
acHo. Pacmonaras HeorpaHHIeHHHIM KOJMYECTBOM HPO-
BOJIHAKOB, CONPOTHBIECHHE KOTOPHX H3BECTHO, MOMKHO OT-
KaBaThCA OT 'POMO3IKHUX OLpe[e/ieHMi HANPSAKeHHA C IO0-
MONBI0 KaJOPHMETpa: HANPSKEHNe Begb PABHO npousse-
JeHMI0 CHJIH TOKA Ha COIPOTHBJICHHE.

Onnako ydeHHit 6HCTPO HAXONHT, UTO DTO yTBeP:KNIeHHO
Hy;kflaeTca B yrouHeHmu. VICmonb3ya OfMH M TOT e MHC-
TOYHHK TOKAa, OH 3aMHKAaeT ero mnoJaioca pa3JIMYHEIMHI
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‘conporupnennamu. Cuia TOKA, eCTECTBEHHO, IPH KaiKNoM
ounie Oyner pasmoit. Ho okasmBaercs, uTo W mpoussese-
HHe CIIIH TOKa Ha comporuBjienne IR He ocTaeTcs OfHEM
B Tem jke. 3aHABMNCH M3YYeHHEM DTOTO, IOKA UTO HEmO-
HATHOTO, ABJEHHUsA, HCCIeKOBaTeNb O0HADY/KHBAET, UTO IO
Mepe YBeJIWYeHHA CONpPOTHBJIeHHs mpomssemenume IR crpe-
MUTCA K HEKOTOPOil MOCTOAHHOH BeJMYMHe,

O6oanauus aT0T IpEfe aepes &, MH HaxonuM dopmyay,
He COBHAZIAIMYI0 C Tolf, KoTOpasA Ghuia yCTaHOBIEHA HpA-
MHIMH H3MEDeHHAME CHIH. TOKQ M HaIUDMKeHH. Honaa
‘bopMyna umeer BHN - ,

. E=IR+r). \

Yro 8a cTpamHOe HPOTHBOpEIHE?

Npuxonurcs momymars. Hy, xomeuno, mpormsopeume
Kaskymeecs. Benp HemocpeacTBeHHOe m3MepeHHe Hampsi-
HEHHS KAJOPMMETPHUCCKUM CI0COGOM OTHOCHIOCH TOIBKO
K IpOBONY, 3aMHIKAlOMeMy aKKyMyJIATOp. A Belb SCHO,
9TO TeIJIO BHAEIAETCA ¥ B CAMOM aKKyMyaaATope (IIs TOTO,
9T06K B 9TOM YOeHATHCA, KOCTATOUYHO MOTPOHYTHCH MO
aKKyMYJIATOPA DyKoif). AKKkymynaTop obnamaer cBomM
conporuBaenneM. CMEICH BeJHYANHL r, CTOAMEA B HOBOM
$opmye, OYeBHIEH: BTO BHYTPEHHEE CONPOTHBICHM® HC~
TOYHHKA TOKa. UTO jKe KacaeTCs BEJIHIMHH &, TO AIA Hee
HYXHO oco6oe HasBaHue. Henbss crasath, 9T0 BebOp OBLa
0COGeHHO YNAYHHM: BeIHIUHY & HaBHBAIOT JIEKTPOABH-
symeit cunoit (91C), xora oma He mmeeT HE CMEICTA, HE
Pa3MEPHOCTH CHUTHI.

3a o6enmu GOpMYIaMHE COXPAHUIE (IPH DTOM HAJO CKa-
8aTh, UTO HCTOPHYECKAsA CHPaBeNJUBOCTH OBLIA cOOIIONeHa)
nasBanme 3axonoB Oma. Toxpko mepByo ¢opMyny Hash-
Baior 3akoHoM OMa s yuacTka IenH, a BTOPYI0 — 3aKo-
poM OMa s DoiHO# memm.-

Hy, Teueps y:x, raercs, Bce ACHO. BaxoHH HOCTOAR-
HOTO TOKA YCTAHOBJEHHI.

Ho uccmemosarensr BCe e He YHOBJETBOpEH. I/I ‘6es
HEeIIOCPEJICTBeHHOTO M3MEPeHUs HANPAKEHHMs KaJopAMeT-
‘POM HCCJIEOBaHMe OCTaeTcss rpoMosgkmM. Hamawil pas
‘B3BEIIHBATH KATON C OCANKOM Menn! Coraacurecb, 4To 3TO
Kpaitne meymoGHO.

B opmE BoBCTAHY HIpEKpaCHHA [HeHb MCCIENOBATENb,
COBEPmEHHO CIy4aiiHo, MOCTABHA OKOJO HPOBONHHKA €
ToxoM MarHETHyIo crpenry. M cpenan Beimkoe oTkphiTHE:
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CTpe/Ka TMOBOPAYMBAETCA, KOIRAa HAET TOK, W HIPH JTOM
B pasHHe CTODOHH B 3aBHCHMOCTH OT HANPABJIGHHA TOKA.

OnpenesisTh MOMEHT. CHJIH, AeficTBYlomumi Ha MATHHT-
Hylo cTpeaky, Hecnoxuo. Ha ocmoBe orkpwroro ssnenms
MO’KHO CO3/laTh H3MepuTenbHH mpubop. Hamo Tombko
yCTaHOBHTH XapaKTep 3aBHCHMOCTHM MOMEHTA OT CHJIBL TOKA.
Uccnenorarenp pemaer Ty 3afaly M KOHCTPYHPYeT Hpe-
BOCXOAHLIC CTPeJOYHEIe IPHOOPH, KOTOPHE II03BOJAIT
MEepATh CHIY TOKA H HAaIpsIKeHHe.

OnHako Ham PaccKas O TOM, UTO CHEIAJN nccnenonare.nb
3a MEPBYI0 HOJOBMHY JI@BATHAALATOTO BEKA, M3y4asA 3aK0-
" HBl IOCTOSIHHOTO TOKA, ORI OB HEIOJHEM, eciim OB MH He
cKa3aJd, YT0 OH 0GHAPYKHJ B3aHMOJCHCTBHO TOKOB: TOKH,
gaym@Ee B ONHY CTOPOHY, HPHTATHBAIOTCA, B pPasHbE —
‘oTraJkmBalorca. PasymeercA, m 9TO ABJEHMe MOKHO HC-
‘I0JB30BATH A TOTO, YTOGH HM3MEPATh CHIY TOKa.

Komeyno, A He orpammuych mociefumMm absamamm,
TOBOPA O 3aKOHAX JJMeKTPOMATHETH3Ma; eMy IIOCBAMNIeHa
otmeanHaa raasa. Ho mme meoGxogwmo GEI0 HamoMHHTH
9Td BaKHE® (AKTH AJA -TOrO0, 4TO0H BHIOJHATH 3aavy
AaHHOM IJIaBH, T[eJb KOTOPOil — paccKa3aTh, KAK BBOAATCSA
OCHOBHEI® KOJMYECTBEHHHIC IOHAYASA WM eQWHHIE H3Mepe-
HHA, XapaKTepH3ylollie 3JIeKTPHYeCKAe SABJIGHUA: TOK,
3apAx u moJe. . ' -

HEHOHBﬂ}KHOE SJAEKTPNYEGTBO

Bynmem cumrarh, 4To HamleMy HAEAJNBHOMY WCCIETOBa-
TONI0 W3BECTHH pasHOooOpasHHe MABICHHS, HOJyJABIINE
Ha3BaHHS ODJEKTPUIeCKHX B faBHme spemena. (OcoGrie
CBOMCTBAa AHTApA, CTeKIAHHOH IAJOYRH, HATOPTOH MeXoM,
co3laHHe HCKPH, HPOCKAKWBAlOmeHd MeKAy ABYMA TejaMmmu,
NPUBEJIeHHHMA B «3JIeKTPH30BAHHOE» COCTOSIHHE, H3Yy4a-
auch (a Ay9YMe CKasaTh — MCIOAH30BAJNCH NiaA 9PPeKT-
HHIX JEMOHCTpammil) y»ke MA0CTaTo9HO JaBHO. lloaromy,
©CTeCTBeHHO, Y HCCIeI0BaTe A, KOTOPHA IPACTYNNI K H3Y-
9eHA0 DIeKTPHIECKOT0 TOKA, BO3HHK Boiipoc: TOT (uIonn,
KOTODHIi1 TeueT 1o HPOBORY, H TOT, KOTOPHIA MOKET IIpeGH-
BaThb B HENOJBHKHOM COCTOMHMM Ha ‘KaKoM-ambo Teae Ho
TeX lgop, IOKa ero He «paapamam». 3TO OAHO W TO Ke (He-
Tron? - ~

13



A BupoueM, flaKe OTBIERAfACH OT CBENEHMH, KOTOpLE
OLTM HAKOIJIEHH PaHee, pasBe He HY/KHO 3anarh cefe Ta-
Koii BOIPOC: ©CJIN BJAEKTPHYECTBO — HTO GHEUTO», KOTOPOE
TeYeT HA MAHEDP KUIKOCTH, TO HEJEB3A IH ero «HAJHUTH B
CTaKaH»? ) -

Ecanm 6m uccaegosaTenp 3aX0T€A HOJYIUTH HA STOT BO-
Opoc HpAMOH OTBET, TO eMy CAe[[0Bai0 OBl HOCTYIRTH Clie-
nylomum o6Gpasom. Bepercs MCTOYHHR TOKAa [OCTATOYHO
BHICOKOTO HANpAKeHHA (HOKA MHL He BeJieM pasrosopa o6
eIMHANAX H3MEPeHHsA, a II0CeMy YHTaTelb NOJKeH mo-
ROKIATh C OTBETOM HA BOIPOC, 9TO CYATATh BEHICOKHM Ha-
opsyKeHweM, 9To — Goabmoit cmiaoi Toka u up.). Onun m3
MOJIIOCOB 3a3eMJIAETCA, & HA BTOPOM RiIafercd MajeHbKad
monas OyCWHKa, ClelaHHAs M3 OUYeHb TOHKOA aJ0OMUHEE-
Boii ¢onbru. Illapur mopsemuBaercs Ha INENTKOBOH HETH.
To :xe camoe jeiaerca eme ¢ OJHUM IIAPHKOM.

Tenepp mogaeceM 9T Ba KPOINEYHEHIX- MIAPHKA BAM3KO

APYT.K IPYTry (CKayKeM, Ha PacCTOAHEE 2 MM MEKIY IEHT-

pamum). Hecaenosarens ¢ BOCTOProM, H3yMiIeHEEM (MOMKETE
npenyioRuTh N1000if Apyroif smHTET) O00HApY;KHEBaeT, 4TO
mapuKy oTraikmBatorcd. llo yray, Ha. KOTOpHE OTRIO-
HEJIMCh OTBECH, W 3HAsA “Maccy IIAPHKOB, MOKHO paccym-
TAaTh CHIY, ROTOPas MKy HUME JeHCTBYeT.
Hccnenosarenn ycTanaBAMBaeT: €Cu MAPHKHE 3apsse~

HH- conpnxocﬂonenuem C OJHUM H TeM 7K€ IOJIIOCOM aKKY- -

MYJATOPA, TO OHM OTTaJKWBaloTcsA. Ecin ogmH mapuk mo-
Jy9HI DJIEKTPHIECTBO OT OJHOTO IIOJI0CA, & BTOPOH OT
Apyroro, To oHu OyAyT HPHETATHBATHCA.

JTOT OIEIT HOATBEP:KAAET IPaBO TOBOPHTH 00 DJIEKTPH-
YeCTBé KaK O JKMIKOCTH M IOKA3HBAGT, YT6 MOMKHO HMETHh
flell0 KaK ¢ JBIKYIAMCSH, TAK ¥ C NOKOAIMUMCH DICKTPH-
9eCTBOM. . '

IockonbKy mpCCAemoBaTedah yMmeeT ONUPeHeldATh KOJIH-
9eCTBO HIEKTPHYECTBA IO MAcce Mefu, OCa)KAalomeiica Ha
KATOfe, TO MMEeTCHA BOBMOMKHOCTD BHISACHUTL, (CROIBKO
JKUAKOCTH HAaJUTO B CTAKaH», T. 6. KAaKOBO ROJHYECTBO
dJEKTPHYECTBA, KOTOPOE «3abpano» Ha mMapHK ¢ BAEKTPOHA
aKRYMYJIATOPA;

_ Hcenenosarean ybexnaeTcss mpexie BCEro B Crefyio-
meM. Ecam sapssxeHHHA HAapHR «3a36MIHUTHY, T. €. COBNHA-
HATH ¢ 3eMJIed TPOBOAOM, TO IIAPHK TepAeT dapsapn. Hamree
MOKA3LIBAETCA, YTO 3aPAR (CTEKaeTy IO IPOBORY, T. €. UTO
II0 HMpoBOy Ipoxofur ToK. U, HAKOHeIl, WMEETCS BOBMON-
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HOCTh M3MEPHTh TO KOIHYECTBO Me[H, KOTOPOe BHIXEJIHUTCSH
Ha KaToie IIOCTaBJIeHHOTO mo Jopore K 3emae mpmGopa ¢
SJIEKTPOJATOM, T. €. MOMKHO HM3MEDHTh KOJHIECTBO He-
HOONBHIKHOI'O BJIEKTPHIECTBA, KOTOpoe OGHLIO HA IHapWKe.

910 KONMYeCTBO DIEKTPHIECTBA MCCJIENOBATENb HA3H-
BaeT 3apANOM MIADAKA M IPUOHCHBAET eMy 3HAK — IIOJIO-
JKUTOJbHBIA HJM OTPHIATebHE, B 3aBHCHMOCTH OT TOTO,
C KaKOro 9JeKTpofa OLI NOAYEPIHYT BIEKTPHICCKHM
¢arona. o o :

Temeps MOKHO NPHCTYOATH K CAGAYIOMEH COpPHA OIbI-
toB. C pasHEIX AaKKYMYJATODOB IMapHKaMH Da3HHX pas-
MepPOB -MOKHO 3a0HpATh pasiNIHEE KOJIHYECTBA DICKTPH-
gecrBas IlomMemas mapnmkm Ha pasHEe pPAacCTOAHAA APYF
OT APYTa, MOKHO H3MEPHTh CHJIY B3aHMONCHCTBHSA MEKIY
numa. Vcenegosaresis HaXOMUT CACAYIOMEA BAKHEIA 3aKOH
TIPUPOALL:

.FﬁK qu‘gﬂ .

CHJa B3aBMOMeHCTBHA NPAMO HPONOPIWOHAJHbHA HPOM3BE-
HOCeHUI0 3apsAf0oB MAPHKOB H o0paTHO HIpPOmOPIAOHAJLHA
KBaipaTy PACCTOAHUA MEXAY HEMH, Umrareab y3HaeT B)
HamucasHOH gopmyie saxkon KHymoma, Koropmii GuuI ycra-
HOBJIEH COBCOM He TaK, KaK MH pacckassBaem. Ho mam mc-
CJe[[0BaTeNb — (UIypa BHEHCTOPUYECKAA.

DIIEKTPUYECKOE ITOJIE .

“ HMcenepoBaTenb 3HAKOM € CHWIaMH ABYX tumos. Ommm
M3 HEX BO3HHKAIT NPH NPAMOM KOHTAKTe OJHOIO TeJa .C
apyraM. Tax oGeronT Moo B cayvae TAru uid Toddxa. Uro
KacaeTcs CHI, AeHCTBYIOIIEX HA PACCTOAHEH, TO-HO CHX
HOp OH BHAN TOABKO CHJIY TSAKECTH WIM IMMpe — CHIY
BCeMHPHOTO TATOTGHHS. - T

Temeps K aT0it 3HAKOMON HNPHCOENHMHMIACH OINE ONHA:
CHJIA KYJIOHOBCKOTO HPHTKEHAA WIM OTTAAKMBAHAA Me-
IOy AByMA 3apssxeHHHIME Tesamn. OHa oYeHb mOXOKa Ha
cuny tarorenus. Hasxe H (GopMyJIH HANOMHHAIT LPYT
Apyra. v -

Cuna TasecTH, MEHCTBYIOmMAA HA TeJ0 CO CTOPOHH
3emam, He MocTaBAANA OCOOKX HeyToGCTB IpH pacuerax. -
Yro e KacaeTcA KYJOHOBCKHX HIHM, KAaK HX elle Ha3H-
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BAIOT, 3JI6K1POCTATHICCKHX CHJ, TO 8/IeChb MOKHO CTONK-
'HYTBCA C TAKAMHE CIy9afAMH, KOIZIa JIeKTPHIECKAE BapANK
pacmpefieJieHH B IPOCTPAHCTBe KAKAM-TO OYeHDb CJIOMKHBIM,
la eme BROOABOK HEMBBECTHEIM CIOCOOOM.

Ho Bean MmoikHO oboiiTmch Ges sHaHHS pacupefeJeHHs
9THX 3apANoB. M 3HaeMm, 9TO 9TH 3apAAL «IYBCTBYIOTH
Apyr Apyra Ha paccroanmu. Ilodemy GH He cKasaTh Tak:
3apaARH cosdarom asekmpuueckoe nose. Moyxer moKasaThes,
9T0 NOJHKHA BOBHHKHYTH TPYAHOCTH H3-32 TOTO, 9TO MBI HE
BEAAM deKTpuIeckoro mond. He s mymaio,— rosopur mc-
CJIE0BATEINb, — UTO HIEKTPHYECKOe I0Je He CilefyeT pac-
CMaTpPHBAaTh KaK MaTeMaTHIECKYIO (bmm;mo, oﬁnerqammylo
pacuer. Ecam Ha sapsj, mOMeIEHHHY B KaKO#-TO TOUKE,
HeiiCTBYET CHJIA, TO STO 03HAYAET, UTO BTA TOUKA (IPOCTPaH-
CTBA) HAXOMHTCA B OCOGOM COCTOAHUH.. JJAEKTPHIECKOE
nojie ABJIAETCA (PUSHIECKOHA PpeaJbHOCTHIO, T. €. CYMECT-
ByeT caMo0 Ho ceGe, XOTA MH H He MOKeM ero Bmaers. Ho-
HEYHO, [IOKas3aTh CBOI MEICABL HCCJIEfOBaTeNb, paboraio-
mul B Havaje IeBATHAANATOTO BeKa, He Moxer. Ho 6yny—.
mee TOKajeT, 9TO OH GBI mpas.

3axon Ryuona ycranaBimBaer OpPMyay, ¢ IOMOMBIO
KOTOPOH MOKHO OHpeNeNuTh NeHeTBHe ONHOTO MAaJeHBKOTO
HlapHKa Ha Apyrod. Mo;KHO OfMH W3 IIAPAKOB YKPENHTEH,
‘a Apyroil moMemaTh B pa3HEe TOYKH NPOCTPaHCTBA. Bo

- BCeX MeCTaxX Ha NOABWKHHU (Ipo6HLIA) mapuk Gymer mei-
¢TBOBaTh cmia. Temepr Tor ke daxr GopyynEpyerTca HHA-
9e: 3aPSMeHHHI SIEKTPHYECTBOM IIAPHK CO3JAET BOKPYT
cebs1 moje ONIeKTPAYECKNX CHJ, WM, KOPOde, 9J1ex'rpmle-
CKOe HOJe.

- VIcTOYHEKAME SAEKTPHIECKOTO IOJA MOTYT CJIYMKHTH
sapsaKeHHEe Tesa Jio6oit opMu. 3axon KHynoma B arom
clydae y:xe HEIPHT'OfleH, HO ¢ IIOMOI{bI0 HPOGHOro MapHKa
MOXHO HM3MEPHThH BIEKTPUYeCKOe IIoJe, OKpY:Kalomee 3a-
PAKeHHOP TeJIO0, H OXaPAKTePH30BATh €TI0 BIOJHE HCYEPIIH-
BaOIAM o6pasom, YKa3aB BeJIMYMHY ¥ HANPABJICHHE CHUIH.
Yrobu ommcaHwe mojsa He 3aBHCEIIO 0T BHOOpa BeJIHIUHE
3apAfa HPOGHOTO IAapHKa; BJeKTPUYECKOe MOJ6 XapaKTe-
PH3YIOT €I0 HANPAKeHHOCTHIO:

o ’ E=Fjq,
THe g — JeKTPHICCKHi 3apan OpoGHOTO INapHKa.

Cymec'rnye'r HATAANHLA €cO0CO0 ONMMCAHMA 9JIeKTpHuye-
CKOro moJjia ¢ OOMOMmIBIO CHJIOBHIX nuamit. B saBmcmmoctn
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Puec. 1.1.

oT $OpPMH 3apAKEHHHIX TeJ H OT HX BBANMHOIO pacnonoixe—
HUA 9TH TPaQEKHE MOTYT MMOTh CaMblli PasIHIHE BHN. Ha,
puc. 1.1 moxasaBH upocwenmne KapTHHE MOJeid. Crmca
5TEX KAPTHHOK CJHeNYIOmMil: KacaTeJbHAA K CHIOBOH am-
HAH B KaKO#-1A60 TOUKE YKasHBaeT HANPABJICHH® DICKTPH- .
9YecKOM CHJIH B DTOM MecTe. Umciao AuHMHHA, npnxonnnmxcﬂ
HA eUHHIY IUIOMARKH, NePIeHAAKYIAPHOA CHIOBEIM JH-
HHAM, COBEPIICHHO YCJIOBHO, JHMb OH OHO OBLIO IPOIOP-
nuoHanbHo 3maveHmio K. Hy, a xorma roopar o umcae
CHJIOBHIX JIMHAH M HE HOJb3YIOTCA KAapPTUHKAMH, TO IOJa-
raioT 9TO 9MCIO IPOCTO PABHEIM Beamwdmue K.

" Ecam nomecTuTh CBOGOAHEI 3IeKTPUYECKHI BapAf B
9JIeKTPHIECKOe II0JNE, TO OH GymeT ABAraThCs BAOJAD CHIO-
BHIX IHHHH,— €CJIA, KOHEIHO B feJI0 HE BMEMMBAIOTCA NPY-
THe CHJIb, HANPHMED CHJIH TAIKeCTH.

CaMmiii mpocToil BHJ; HMEIOT CHJIOBEIE IOJA TeJ, HMelo-
mux dopmy chepu. Ecan nse chepu mam nsa 3apana, Ko-
TOPHE MOYKHO HPeJACTABHTh B BHAE TOYEK, COMMKATH APYT
¢ apyroM, To moxsa Hajosarcs. Hampsa:xeHmocrm mouas
CKIaf(FIBAIOTCH [0 HPaBHJIY Hapajienorpamma. B moboii
ToYKe A MOJKHO BHIACHHUTH, KaK HAaOpaBleHA CHIOBASA JH-
HAA W 49eMy PaBHA HAUDSIKEHHOCTH HOJIfI, IPOM3BOAA IO~
cTpoeHHe, TOKa3aHHOe HA PHCYHKe.

Ecam sapseHHEe Teia umeloT (opMy IIaCTHH, TO
mone OyfeT BHIVIANETH TAK, KaK NOKA3aHO Ha PHCYHKe
pamsy. COnmKas NAaCTHHW U yBeJHuNBaA WIOMAAb IIA-
CTHH, MOKHO TOCTHTHYTb DOYTH HAEAJbHOH OJHOPOTHOCTH
nosis; Kpaesoil adgerr Gymer mesmaumteapHmM. Ilpo nse
6ausK0 pacuosio;KeHHEe NJIACTHHKM MOKHO CKa3aTh, 9TO
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onm crymamwor noxe.. Taxoe yCTpo#CTBO HA3HBAIOT KOHJIOH-
caropoM, 9TO B IIepPeBofle Ha DYCCKMA ASHIK W 03HAYaeT
«CTyCTUTONbY.

Kax e snaem, pabora no nepememennm TeJia mox meii-
CTBHEM CHIH PaBHA IPOM3BEGHHIO CHIH Ha JUIEHY IyTH.
Uro6H mepeHecTy 3apAK OT OfHOH NAACTHHH KOHIEHCATOPa
K APYrol BRONb cUOBo smnmm, TpeGyerca pabora, pas-
nan gEl. Pa6ora, HeofxoxmMas Kiaa mepeHoca eJHHHIE!
KOMHIeCTBA dIeKTpHYecTBa, paBHa El.

JaBaiiTe coeqWHEM JBO.IIACTHHH KOHJGHCATOpA HPO-
“popumkom. Ilpm mepemecennm mo NPOBOJHHKY KOIRIECTBA
aJeKTpWIecTBa ¢ Buipeasercsa sueprud gU. Ilockoanky MH
JMorajfbiBaeMCs, 9TO HET HPHHIMOWAIBHOIO PA3IHIAA Me-
SKIY ABIKEHHOM BapHKEHHOTO MADPHKA B DJIEKTPHIECKOM
HOJe W NepeMeIeHHeM dJIeKTPHYECKOH GKHAKOCTHY BIOJIL
METaJIJIMYeCKOT0 NPOBOAHMKA, TO Mb IPHPABHABAGM ITH
(B2 BLIDAKGHUS DHEDPIHH, 3aTPAYCHHOH IONeM: .

CnpasegaEBOCTh HATHCAHHOTO BHEIPayKeHUS MOMKHO JIET-
KO IIPOBEPUTH, Pas[BHras INIACTHHB KOHAEHCATOpA H M3-
MOpAA CHAY, ReACTBYIOINY0 Ha HIPOGHEIA 3apaf.

OT0 H3MOPEHWe MORHO IPOBECTH 0YeHb HBANIHEIM CIO-
coGoMm, BoBce me mpuberas K IOQBEIIVBAHWUIO 3apﬂmeanoro
OIAPYKA HA MIeJKOBYIO HHTH. .

BceM xopomio m3BecTHO, 9T0 AETKUE TN nanam BHH3"
3HAUHMTEJBHO - MO[JICHHee, 9oM Tskenane. HamomHmM, uTo
AMGHHO 110 9TOW mpmymme KO omkToB Dammnes mympemu
AHTHYHOCTH M CPEJHHX BEKOB IIOJAarajJH, 9TO  CKOPOCTH
ABHKEHHA TeNa (4 He YCKOPeHNWe) IPONOPIAOHAJIbHA CHJIe.
OmmGounocTs 9Tolt TOURE 3peH”sA Gbita HATJAAKHO IIPOXe-

" MOHCTPHPOBAHA JIMING TOTla, KOTJa IOCMOTPeNH, Kak Ia-
HAI0T KYCOUKH GYMaKKH M METAJJIMIECKHil MaPHK B BePTH-
KaJIbHOHA TPyOKe, W3 KOTOpoil oTKauaH Bo3Ryx. Okasanocs,
4T0 BCE TeJia HaGHpaloT CKOPOCTH OMHHAKOBO GEICTpO, T. e.
majaT Ha 3eMJ0 ¢ OXHAM H TeM ke yckopenmeMm. Ho
“cefiTac HAM KaK pas MMEOT CMLICH (BKJIIOYHTHY BJIMSAHUAG

- BO3[yXa, CONPOTUBIEHAE KOTOPOTO IPUBEST K TOMY, -9TO
JIOTKHH OYCTOTEJHH METaJJHYeCKHMHA [MAPHK, C HOMOIIBLIO
'KOTOPOTO MHI JeMOHCTPHpoBaiH 3akoH Hymona, 6yneT
majiaTh BHM3 O4YeHb MELJIEHHO.

Ecnu sacraBuTh 6ro magath TOrma, KOrma OH HaXOXUTCH
MeKAY ITACTHHAME KOH[IEHCATOPA, TO, MOHAA HAIPAKEHHO
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MEKIY IIACTHHAMH, MOJKHO HOAOGpaTs Takoe Hose, KOTO-
poe OCTAHOBHT HajieHHe Mapmka. Pasmopecme oCymecTs-
NA€TCA TPH YCIOBHH, UTO CHJA THIKECTH PABHA CHJIE MO,
mg=gE. 8 aToro paBeHCTBa - MOJKHQ HAHTH BHAYEHHE
HAUPA/KEHHOCTH HONA ¥ HOATBEDUTH MPABMILHOCTS Ha-
MEX TEOPETHICCKUX PACCYKICHHIA

Yucno cmioBHX. JMHBHA, OPOXOAAIIMX dYepesd JiGyIo
MBICTIEHHYI0 WIHM peajfbHYH HOBEPXHOCTH, HAXOMAMIYIOCA
B DIEKTPAYECKOM II0JIe, HABHIBAETCA CHJIOBHIM MOTOKOM.
Yemy paBeH CHJIOBOH IOTOK, KOTOPHH NPOXOAAT depes
BAMKHYTYI0 HOBEDPXHOCTD,. OXBATHIBAKNIYIO 3aps;KeHHEIE
Tena? -

Cpavana pacCMOTPHM CaMHil . mpocToil caydail: moxe
CO3JaHO ORAHEM MajeHbKEM mapukom. llposemem cgepy
oxono mapnka. Ecam pagmyc chepst R, To HAIPAIKEHHOCTE
B n1000# TOYKe MOBEPXHOCTH Cepsl pasHa Kgq/R2. 1lno-
‘mans cheps paBHa 4R JHAUMT CHIOBOH HOTOK, MPOXO-
namuii gepes cpepy, Gynet pasen 4nKq. Ho acuo, uro mo-
TOK OCTaHeTCS TeM jKe, eCJIH MEl BO3bMeM JI00YI0 [PYryio
OBEPXHOCTD.

Tenepn ycnomHuM—Rap'mny W [MOmYCTHM, UTO IIOJe
cosfaeTcAi GOJNBIMM UHCIOM BapAKEHHHIX Tl JI06oH
dopmui. Ho Begs ux MoxHO MBICAEHHO Pa3buTh Ha Kpomied-
HHe YYaCTKH, Ra)K[HA U3 KOTOPHX -JKBHBAJEHTEH TOYed-
HoMy Bapanmy. OGBemem cmcTeMy 3apAafoB IPOH3BOJBHON
nosepxHocthio. IloTox or - -kamporo sapama pasem 4nKg.
CoBepmenno eCTeCTBeHHEIM ABIACTCA NPeAION0KEeHHEe, 9TO
mOTOKH GYAYT apEMETHYECKH CKAaAWBAaTLCH, & B3HATHT
HOJMHEI TOTOK Yepes M06yio 3aMKHYTYIO HOBEPXHOCTH, 0X-
BaTHBAINYI0 BCe 3apsAfbl, IPONOPIHOHANEH CYMMADHOMY
3apARy Tell, HAXONAMMXCH BHYTPH 3T0H IOBEPXHOCTH.

91O yTBEeIKIeHHE ABASETCA OCHOBHBIM 3aKOHOM, KOMAaH-
AYONEM Hal DICKTPHICCKAMH HMOJAME (OIHAM U3 qe'mpex
ypaeuenmii Makceeana, cm. ra. 5).

IIpomy 3aMeTHTE, 970 MBI HO BHBE]H, HO HOKA3AJIH My
dopmyny. Mu poraganmcs, 49TO fedo FOJNKHO ' 0GCTOATH
TAK, & He MHA4Ye. JT0 A BHAUMT, YTO MH HMEeM JIel0 ¢ 00-
IgM 3aKOHOM TPHPONH, CHPABeIABOCTS KOTOPOIO yCTa-
HABJIABRETCA ONULITHHM HOATBepIKAeHWeM HIOOHX crefcT-
BE#, BHTeKAalOMAX U3 OOIHEro 3aKoHA.

Ouens BaJKHO 3BaTh 0(miee NPaBMAO, KOTOPOe CIHPABER-
amBo AnA Jo0ux cuereM. C IOMOMBI0 HANHCAHHOIO
3axona JBM BHUMCIHAT 3a CeKYH[IH 3JIeKTPHYECKOe WOXE,
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cosflaBaeMoe CaMO# CJIOKHOH# CHCTeMOH 3apsiKeHHHIX TEX.
Mu jxe ymosmerBopmMcA CKpOMHOM 3afaueil H BHBEeM
(meMOHCTPUDPYA Ha 3TOM HAEMEHTAPHOM CIydIae IPHEMH TeO-
permdeckoll (GHM3MKY) DpPAaKTHIECKH Ba)KHYI0 dopMmMyay Ajis
©MKOCTH KOH[I@HCATOpa.

Cravana ompepenum 3T0 pPacIpPOCTPaHEHHOE MOHATHE.
EMKocTblo ‘KOBAIeHCaTOpa HA3HIBA@TCA OTHOMEHHE 3apAMA,
KOTOPHIH, CKAIIMBAETCA HA eT0 MJIACTHHAX, K uanpmxeamo
MeKAY OOKaagxaMm, T. e.

C=gq/U.

B cryuae konmencatopa CHI0BHE IMHHE HO HAYT B CTO-
POHEI, OHY BHIXONAT M3 IOJOMUTENbHOH MJIACTEHH H BXO-
maT B orTpumarentuyio. Ecim mpeme6peur HCKasKeHmeM
HoJiA HA KPasAX KOHKEHCATOPA, TO HOTOK MOMKHO 3aIHUCATh
Kak npoussefenme ES. O6muii 8aKoH mo3Bosser sammcaTh
TaKOe PABEHCTBO:

. ES=4nKq,
T. @. HAIPAKEeHHOCTh HOJUI- Mexny oﬁnnannaMu .
. E' 4nK

-

C npyron CTOPOHHI, HANPAKEHHOCTh HOJA ROHﬂGHOaTOpa
"MOMKOT OHTH 3anncaHa KaK

E=U/d.

IIpupaBuuBas 5TH fBa BHpa’KeHHA, MH moxrytaeM dop-
MYJIy IJif eMKOCTH KOHJeHCATOopa:
S
C= 4nKd ° Lo
TexnmiecKkne KOHJAGHCATOPH HPEACTABAAIT c0Goi Mme-
TaAdAMIeCKEe HOJOCH, KOTOPhie IPHKATH K CJIIOfe HJIH Ha-
pa(annponannoﬁ Oymare. 9TH BemecTBa NPHHAIIEKAT
K m3osxsaTOopaM. HaKylo jXe posp Hrpaer BEENEHHE NMAICK-
TPEKa Me:KAy OOKmagkamMu Kommencaropa? OnmT mokash-
BAaET, YTO eMKOCTh KoHAeHcaropa C CBABaHA C GMKOCTHIO
koHpencaropa Ges npornaaru C, opmynoit C=eC,.
BeanuuHa & HOCHT HasBaHue AUAIEKTPHIECKOHR IPOHH-
maemoctu. JlJis BO3yXa, CIIOfL, BOAH W CETHETOBOU COJIA

3HAYeHHS € DPAaBOH COOTBETCTBEHHO 1 apamepro 6, 81
u 9000.
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4yTO B3AATb 3A OCHOBY

3akon Oma m sakon JDmoyna — Jlennma cBa3HBAIOT
Mexay coGoil sHeprmio, CHIy TOKa, HANPA;KEHUe M COLpPO-
tusiaeEne. MosKHO cKasaTh, 4TO HampsAKeHHe PaBHO Ipo-
W3BEIeHUI0 CWIK TOKa Ha conmpormsienne. MoxHO CKasaTh
U TaK: CHJOH TOK3 HA3HBAeTCA HANpsKeHHMe, IOJeJeHHOe
Ha conpormeienve. Ho ofa sTm ompepeseHus, KOTOpHe
MOKHO BCTPeTHTH B y4eOHHMKAX, CTPajaloT TeM HeAoCTaT-
KOM, YTO OHH y/00HE! JIMmb B TOM CJAy4ae, €CJIM CIPaBeNIuB
3akoH OMa. A, Kak GHJIO CKasaHO, 9TOT BAKOH BepeH He
pcerga. Ilosromy nydnie BCero mMOCTYIHTh TaK, KAK MBI 3TO
CeJaJH, a MMEHHO CYHTATh, UYTO IPOHM3BOJNHON BeJWIHHON
ABJIAGTCA CONPOTHBJIEHNe NPOBOJAHAKA, KOTOpOe oIpefe-
JIAeTCA KAK OTHONIeHWe HANPAKeHWA HA KOHIAX IPOBOK-
HHKA K CHJIe TOKA, KOTOPHIH Yepe3 HEro HjeT.

ITockoNpKRY dHEPIMIO PAEKTPHYECKOTO TOKA MOKHO H3-
MepATh, HCXOA H3 3aKOHA COXPAHEHWA dHEPTHA — MO Tel-
JIOBHIM M MeXaHWIeCKHM AEHCTBHAM TOKA, TO fCHA IIEIeco-
06pa3HOCTD OIpefesieHrsA CHIL TOKA FUIHM HANPAKOHHsA KaK
BeJIMYMHH, NIPOH3BONHOM oT sneprun. HamGomee ecrecTBen-
HO OIPEIeNINTh CHIY TOKAa C IOMOMIBIO ABIECHHA dJICKTPOIN-
3a, a HaUPs)KeHWe HA KOHI@X YYaCTKA IENd — Kak 9acT-
HOe OT IeJIeHHsA Bnnenennon DHEPrHA HA KOJMYECTBO DIIEK-
TpHIeCTBA.

Onnaxo 4uTaTeIh NOJKEH ACHO npenc'ranmb Lebe, uto
aTa CHCTEMAa OHpefe/eHHuil He MABIACTCA - e{UHCTBOHHOM.
DBMmecto sijiekTpoamsa B OCHOBY OIpefesieHUs CHIH TOKA
Mo;KeT OHTH HONOKeHo U JioGoe Apyroe ero jeiicTBHe:
CKaskeM, JEHCTBMEe TOKA Ha MATHHTHYIO CTPEJKY HJIM Ha
ApYTroi TOK. :

Her B mpmunume HWYero mOpOYHOTO M B TAKOM IYTH:
BHOHpaeTCss HEKOTOPH CTAHAAPTHHI MCTOYHMK TOKa, a
‘HampsyKeHMe J000To APYroro MCTOYHAKA onpenénaer‘cﬂ
YHCNIOM DKBHBAJNEHTHHX CTAHNAPTHHIX 3JIeMEHTOB. JTO He
‘Buaymra. Taxoe IpefToKeHne OLu1o, a CTaHAAPTHHIA HC-
'TOYHHK HOCHT HasBaHme 3jemenTa BecToHa.

- Eme onpa BapmamT: cHCTeMy oONpe/eJeHWA H eJHHHMI,
#3MepeHHs MOKHO CTPOHTH, BHGPAB HOKOTOPOe 3TajlOHHOe
CONPOTHEBNGHNE, N OIATHL-TAKA M3MEPATh BCe Apyrme €o-
OPOTHBJEHHUSA, BHACHHB, CKOJBLKO CTAHAAPTHHX DJIEMEHTOB
MOAMEHAIOT nammn npoBoxuEK. B cBoe BpeMa B KauecTBe
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TaKo# eMHENE CONPOTHBICHHA HCIOJB30BAACH CTONGHMEK
PTYTH 33[]aHHBIX JJIMHH W CeYeHHA.

ITones3no ycBomTH, WTO OYEpPERHOCTH BBe/leHAA (PHIMIO-
CKPX NOHATHH ABIAeTcA fedom mpomssoia. Copepixamme
BaKOHOB HPHPOJEI, PasyMeercs, OT BTOr0 He HBMEHAETCHA.

" Mo cux mop y Hac mja pedsb O TeX IEKTPHUCCKHX SAB-
JCeHUAX, KOTOPHE CBA3AHH C IOCTOSHHEIM 3JOKTPAYOCKHM
TokoM. [Jlaske ocCTaBasCh BHYTPH 9TOff TpPyNNH ABJICHHIA,
AMEeTCA BO3MOMKHOCTH HOCTPOHTH PAa3jWIHBE CHCTEMEI
onmpeje/ieHuil MOHATHI. © COOTBETCTBEHHO PAsJMYHBIe CHC-
TeMH efmuun mamepenns. Ha camoM fiese Ham BHOOD emie
mmpe, n6o BIEKTPHUECKHE ABJICHHS BOBCE HO CBOGATCHA K
HNOCTOAHHOMY JJOKTPHIECKOMY TOKY. . ~

Ilo cero Bpemenn Bo MHOTHX yueOHHX KHHUrax mo Guam-
Ke IOHATHe BeJHYMHH DICKTPHYECKOro 3apafa (MIH, YTO
TO jKe CaMoe, KOJIMIeCTBa DJIEKTPUYECTBA) ONPENeNAI0T U3
sakoHa HymoHa, 3aTeM Ha CHeHY BHIXOIUT-HALPAKEHEe B
JMINh HOTOM, 3AKOHYUB M3J0KOHHE DICKTPOCTATHKH, ABTOD
BBOJMUT NMOHATHA CHAJIH TOKA H 3JEKTPHYECKOTO COIPOTHB-
nennsa. Ham oyTs, kak BH Buienn, O HHEM. )

Eme Gonsme mpomspojiia B BHGOpE eJHHUI . ABMEPEHHA.
Mccnemopatens BopaBe mocTymaTh TaK, Kak emy ymoOmHo.
O aums moien He 3a0BiBaTh, UTO BHIGOp eMHHMI[: H3Me-
peHnsa CKaKeTes Ha KoaddummenTax nponopxmonanbﬂoc-
TH, CTOAMMYX B PAasHHX (opmyiaax.

Her mmuero mopouHoro, uToOH BHOpPATH He3aBHCHMO
eIMHEMIIE CHJIBI TOKA, HAIPAKeHUA H cofipormeienna. Ho
TOrRa B fopmyne 3akoHa OMa OABHTCA HOKOTOPHIH IHCIO-
Boii Koadummument, obmaganomuii pasmeprOCTBIO. Bmiors
[0 TOCJeAHEeI0 BPeMeHHW, NOKa emle He OHIm M3THAHH K3
¢usuKE CypoBHIM NPATOBOPOM MEKIYHAPOLHOE KOMECCHH
CTOJb HPUBHYHHE KAJIOPHH, YACIOBOK KodpPummenT cros
B ¢opmyne saxona moyns — Jlemma. ITo mpomcxommio
o0 TOM HpHYMHe, YTO ENMHNUIH M3MEPeHHA CHIH TOKA H
HAIPSKEHAA OUPEeNANNCH COBEPIMIEHHO HO3ABHCHEMO OT
BHOOpA eWHMIE SHepruu (Temjaa, paGoTe).

B mpepmpymux naparpadax a sammcal B BuAe IPOIOP-
OUOHAJBHOCTEH, 8 He PaBeHCTB, JIHWMb ABe GOPMYJH: TY,
KOTOpas CBA3LIBAET MACCY BEMIECTBA, 0CAKa6MOI0 Ha JJIOK-
TPOZ&E, ¢ KOJHIECTBOM DJCKTPHYECTBA, M BAKOH Kynoua.
Cpenan s oT0 He ciIydYaiiHo, a O TOH npEYHEe, ITO pusnknm
IIOKa HeOXOTHO TIePeXONAT K NPHHATOM, KAK 3aKOH, MEKAY-
mapopuoit cicreme CM m mpopoixainT eme (mpasia, mox



JlaBJeHHEM PEJaKTOPOB KHMT H-CTaTedl BO BCE MEHbIIeH CTe-
nenn) HONB30BAThCA TaK HasnBaeMoll abCoOMIOTHON cHCTe-
moii efMHAMI, B KoTopoil Bexmumaa K B ¢opmyae Hynoma
[1A B3aHMOJEHCTBAsA 3apA/OB B BAKyyMe KJIaJieTcs PaBHOM
enuanne. Ifocrynms Tak, MBI IpefompefiesseM SHaUYCHHE
TaK Ha3HBAEMOil «abcoTIOTHOMY eUHAIL KOJTAYECTBA DIIOK-
TpUYeCTBa (3apAX PaBeH eMHUIIE, €CAH JIBA ONMHAKOBBIX
3aps/ia, PACIONOMEHHHX HA eIMHMIHOM PacCTOAHMH, B3a-
MMOEACTBYIOT ¢ €AMHWIHON CHJIOi).

Eecam OuTh DoclHemoBaTe]BHHIM, TO, MepAA Maccy B
rpaMMax, BaM HPHILIOCH Obl BHYHCIMTH 3HAYeHHE Ko0o(-
¢umuenta k£ B 3aKOHE DAEKTPOJNH3a, yKa3aB, CKOALKO Be-
IEeCTBA BHIJeJIAETCA Ha JEKTPOJe OPU IOPOXOKACHHH Off-
HOA alcomioTHOH enmumnEN 3apapa. OxHako He smcTaiiTe
CTPaHWIH Yy4e0HHKOB, BH He HaijleTe TaKOH BeJIHIHHH
AJafA 9TOT0 KospduumenTa. 3JHAA KaTETOPHIECKOE HeKe-
JaHAe TeXHUKOB OTKA3aThCA OT aMmepa M KYJIOHA, (H3MKH
HOACTABAANN B (OPMYJy SJIEKTPOJIH3a TO IHCIO, KOTOpPOe
ONpeNeIAI0 .MacCy BEMEeCTBA, BLNEJASBIIYIOCH IpH LpPO-
XOKIeHAN 9epes KATKOCTH 0HOTO KYJIOHA dIeKTPHIECTBA.
‘B kHEATax GEUrypupoBaid [Be €WHANH A OXHOHM # TOMH
sxe BesmamHK. [lpm 3TOM siICHO, 9YTO mOAB30BATHCA TOH MM
Apyroit m3 Hmx OwI0 ymoOHO B COBCeM PAa3HHX CIydasx,
ubo KyJOH paBHfeTCA TpPeM MmIamapAaM aGcoJioTHRIX
eJ[HHHuI].

HKoneuno, yaoGHo monoxmth. K paBHEM equuANe, HO
TeXHHKH ofpaljalm BHHMaHHe Ha TO, 9TO B yPaBHEHHAX
AAsA CHIOBOTO IIOTOKA, eMKOCTH KOHJZEHCATOpa W B APYTHX
dopMynax ocTaeTca HEKOMY He HY)KHHH xoaddunaent 4,
H yTBeP/K/IaJH, 9T0 Obiso GBI I0I€3HEIM OT HEro N30aBATHCA.

HKax o6prano GuiBaer, mofefa ocrajack 3a aAumamm, 60-
Nee OMBKAMYE K IPAKTHKe, 1€M K TOOPHHM; NPMHATAA HEIHE
CHCTeMa IONIIa IO TOMY HYTH, KOTOPOMY TeXHWKH CJIeJio-
BaJIM YK€ aBHO. C'roponnnxn cucreMur CH nac'roa.nn H Ha
ToM, 9TOGH I0JB30BATHCA ONHON eJMHHIEH DHEPIHE BO
BCeX '06IacTAX HAYKH, a TaK:e moTpebosanm, YTOOH B Ka-
4eCTBe €XMHCTBEHHOIO JJIOKTPHIECKOTO NOHATH#A, NPHHA-
TOT0 32 OCHOBHOE, UryprpoBaia OH CHiIa TOKa.

Taxmm o6pasom, MH BXoguM B yieHHe 06 daeKTpHUe-
CTBe ¢ emmHMIell PHEPTHE IOYIb. B KauecTe eMHHIH
KOJINYeCTBA DSIUGKTPHYECTBA BHOMpaeM KyYJIOH, paBHHIA
aMmep-CeKyRye. [Ipegnaraem ompeneaATh amuep Ho CHIe
B3aMMOMECTBYA TOKOB. JTO ONpefeAeHHe (MH ero mpise-

] 3 %
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nem Ha crp. 91 B riaBe, mOCBAMEHHOH 2JI€KTPOMATHETH3-
My) momoGpaHo Tak, 9To6H KodpdunmenT k B dopmyite;
3AEKTPOIA3A OCTAJICA TOM, K KOTOPOMY BCe [aBHO yiKe Hpu-’
puran. Ho Bee e Hamo yAcHATH ceGe, 1To dTOT Koapdu-
nuent B cucreme CH ne onpedeasem BenmumHy KymnoHa. Ec-
Jd TOYHOCTh H3MepeHHA BO3PacTeT, TO MH OymeM o6s3aHul
M3MEHHTH 3Ty BeIWYHHY TaK, YTOQH COXPAHHTH OIpefese-
gre aMmepa (OpaBfa, A He [yMalo, 94T0 9T0 BpeMA HaCTyIM1,
u6o He mpencraBiagio cefe, UTOOH TOYHOCTH HBMEPEHH:A
9JEKTPOMHAMMYECKAX CHJ IpPeBHIIaja O TOYHOCTH M3-
MEDeHHSA MacCHl). \ i

Hanee cucrema CU cnexyer mo ToMy myTH, 10 KOTOPOMY
A BACTABHII WIAraTh HAMIET0 HCCIEXOBATOJA. Ioasnaercs
e[MHANA HANPAKEHMA BOJBT, PABHAA KOYJIIO, MOMEIEH--
HOMY Ha KYJIOH; 6UHNLA CONPOTHBICHHA OM, PABHAA BOJIb-
Ty, HOAEJEHHOMY HAa aMmep; eQAHANA YAEJBHOIO0 COmPO-
THBJGHHA — OM, YMHOKEHHBIH Ha MeTp...

Ho remepn Mmu pgobmpaemca A0 3akoHa Kynaona, m Bu-
nuM, uT0 KoapPummentom K MH yKe He BIpPaBe pacIops-
marpea. Cmna nsmepseTcA B HBIOTOHAX, PACCTOAHHe —
B MeTpax, 3apAR — B KyaoHax. Hoadgdummenr K cramo-
BHTCA Pa3MEpPHKIM M HMeeT HeKYIO BeJIMYMHY, KOTOPYIO Ha-
IO OIPEAeNATh OUEITHHM IYTEM.

3axon Hynoma penko OmBaeT Hy/KeH, a BHPAKEHMe
eMKOCTH KOHMeHCATOpa sBisAerca pabGoued dopmynoi Bo
.MHOTEX TEeXHHYECKHX pacderax. UroOH u36aBHTHCA OT
MHO)KHATENA 4% B (POpMYJax. sJIeKTPHYECKOTO0 IOTOKA, M-
KOCTH KOHJ[GHCATODPA M MHOTHX APYTHX, TeXHHKH yiKe aB-
HO 3aMeHmnIH Koagpdumment K Bmpaskenmem 1/4me,. Ilo
BIOJIHe HOHATHHIM OPHYMHAM £, MOKHO HA3BATh JAMIJIEH-
TPAYECKOH HmpoHMIaeMoCThi0 Bakyyma. OHa oKasmBaercsa

paBHO# .

. 8,=8,85-10-* Ka?/(H:m?).
Tar uTo Temeppr HOTOK CHJIOBHX JUHHA BHpa)aerca ¢op-
MyJI0it

. 1
;(ql‘k’Q:f" ce)s

8 eMKOCTb KOHIEHCATOPAa 3alMCHBAGTCA TAK:
'C =ee,S/d.

Enmanna emroctn ofna Qapaga paBEAETCA KYJIOHY,

OOAe/ICHHOMY Ha BOJBT. . S
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KAHK PA3BUBAJIOCb YYEHHE -
OB 9JIERTPUYECTBE - ,

N

Vueune 00 d1eKTPAYECTBE PA3BABAIOCH COBCEM HO B TOi
ﬁocnenosa'renbnoc'm B KOTOPOil JeiicTBOBAJ HAm «0606-
MEeHHHINY HCCIefoBaTeNb!

{-)nempoc'ramqecnne ABACHAA GHIIM W3BECTHH B [ajie-
kol apesrocTd. TpynHO CKa3aTh, GHIIO JIM IPEYECKAM yde-
HHIM H3BECTHO, KaKWe TeJa, KpoMme sHTapaA (Io-TPedecKH
«3JIEKTPOHY — HAWMEHOBAaHHe AHTAPs) HpmobpeTaoT, moc-
Jie TOTO KaR HX IOTEePeTh, 0CO0be CBOMCTBA ¥ MPATATHBAIOT
Kk cebe Comommuku. Jlmmp B ceMHATIATOM Bexe YHIbAM
I'mas6epr HOKasbBaeT, 4TO ITHM CTPAHHHM CBOMCTBOM
o6afaloT anMas, Cypryd, cepa, KBacubl # MHOTHMe JpyTHe
Tesa. JTOT 3aMedaTeNbHBIA YUYeHHIH BHAHMO NEPBHA CO3-
fad mpuGoOpH, ¢ OOMOMBI0 KOTOPHX MOKHO OHI0 HabIio-
AAaTh' B3aMMOJEACTBAE HADIEKTPH3OBAHHHX Tej. B BoceM-
Ha/L[aTOM BeKe yKe H3BECTHO, ITO HEKOTOPHIe Tesa CIIOCOOHH!
YAeP/KHBATh BapAMNH, a IO JPYTAM TeXaM BapARH «CTe-
KaoT». Maso y KOro eCTb COMHEHHS, UTO BJIEKTPAIECTBO —
3TO YTO-TO BPOAE JKEIAKOCTH. Coanalo'rca nepBEe 3JI6KTPO-
CTaTHYeCKile MAIIUHBI, C IOMOMBIO KOTOPHX MOKHO H3BJie-
KaTh MCKpPH U OPHUBORATH B «CONPOTAHHEe» NEHOUKY JIofiel,
KOTOpHI® JAep:KaT Apyr Apyra 3a pPpYKH, & OAMH W3 HHX
AQTPArHBaeTCsSI A0 IPOBONHUKA NEHCTBYIOMmEN 3jaeKTpHie-
ckoit Manmimas. IIpmpsopHoe 06mecTBO MHOTHX CTpaH HO-
cemaeT nabopaTopuMu YUYEHHX, KAK HHPK. A yvUeHHe, B
CBOI0O 0uYOpefhb, CTAPAlOTCH BCEMEDHO TeaTPaJIM30BATh. AB-
JIeHUA.

B BoceMmanmaTOM BeKe MOMKHO yiKe TOBOPHTH 00 diek-
TPOCTATHKEe Kak 0 Hayke. VI3roroBieno GoJbmioe HHCIO
pasam4abX adeKTpockomos, Kymon HaumpaeT DpOBOAHTH
KOJIMIeCTBEHHEIC M3MEPEHHA CHJI B3aHMOJIeHCTBUA 3aPAMOB. .

B 1773 r. Jlymmxn Taxssann (1737—1798) mavan me-
CJIe[[0BATh MBINIOYHH® COKpAMPHHA JATYIIKH, IPONCXOAA-
mue mof HAefCTBHEM JIEKTPUYCCKOr0 HANPSKEeHUA. .

Ilponomxan onkter I'asibBanm, B KOHIE BOCEeMHAINATO-
ro Bexa BoipTa IPAXOAAT K MOHMMAHHIO TOTO, ITO IO MEII-
OaM JasATymed npoGeraer oaexrpmueckumii durromp. Cue-
Ayomu#i 3aMedaTebHHA mMAr — 9T0 CO3JaHHE IEPBOTO
HCTOUHMKA TOKA — TaNbBAHMIECKOTO DIEMRTA, a BATEM U -
BoJbTOBa croiba. :
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B camom Hauame AeBATHAATATOTO BeKa cBefieHAA 00
OTKPHTHHE BoabTa yjke M3BECTHH BCeMY YYGHOMY MHEDY.
Haunnaercs ncciegoBanue aieKTpmdecKoro Toka. OpmHO
OTKDHTHE CJIe[yeT 3a APYTHM. -

" Paj mccnefoBaTesieil M3ydaeT TemaoBoe AEHCTRUE TOKa.
91uM jKe 3aEmMasica DPCTel, KOTOPHI AeACTBATENBHO CO-
BEePIIOHHO CJIyYaiiHO OGHADYKHJI [HeficTBHE TOKA HA Mar-
HATHYIO CTPEJKY.

Bnecrampe paGorat Oma m Ammepa Grurm Dpofeaans
MpUMepHO B OXHO*H TO Ke BPeMA — B nnannaTux rojmax
NeBATHANNATOTO BEKa.

PaGorsi Amnépa GBICTPO Bacay:KHiIu eMy CiaBy. A Bor
Omy me mosesmo. Crarbu ero, cQUeTaBIlIMe AKKYpPaTHHIA
9KCIIEPAMEHT- C TOYHHIME DPacYeTaMy, OTIHIABHIEECH CTPO-
LOCTBI0 H MOCJIE[0BATENBHEM BBeJeHHEM (JeHOMEHOJOrmIe-
CKHX HOH®THii, OCTABJABIINE COBepmIeHHO 0e3 BHAMAHHSA
«IpHpOAY» Bemleil, GHJIA He 3aMeIEHH COBPeMEHHUKAMH, a
ecIm KTO-THGO ImHCaj O HHX, TO TOABKO JJA TOT0, 4T0GLI
BHICMEATE «G0Ie3HeHHYI0 ‘panrasmio aBTOpa, CTPEMAMEroCA
UPUHEABATE JOCTOMHCTBO IPHPOAEN. (DTH ci0Ba IpHHAJJIe-
/KaT, BAAUMO, QusHKy Je ta PnBy, He BHecmeMy Kakoro-
.rmﬁo ‘BKIafa B HayKy.) -

Kpaiige TpyQHo 4mTaTh OpUIWHANBHEE paGoTH (uan-
KOB, pa0oTaBm¥X B Te BpeMeHA. JKCII®PMMOHTAJbHEE Ha-
XO[KH HM3JAraioTca YY;HAKM HaM A3HKoM. B psapme cayuaes
HEBO3MQMKHO Jake MOHATH, 4T MOAPa3yMeBaJ aBTOP HOJ
TeM WIH MHHM Cl0BOM. VIMeHa BeJUKHX YYEHHX KABYT B
‘IaMATH NOTOMKOB JHmIb Giarofaps saboram nc'ropmcon
HAYKH, .



FnaBa 2

9JIEKTPUYECKOE CTPOEHUE
BEIIECTBA

HANMEHBIIAS IOPLUA SJIEKTPUUYECTBA

Jlonroe BpeMs BCe CBeNieHHsA, KOTOPHMHM obiagamu fu-
BUKE B OTHOMEHMH HJIEKTPUIECKHX ABJEHHMIA, CBOAMIMCH K
yBEPEHHOCTH B TOM, ITO dJ6KTPHIECTBO — HTO HEUTO BPOJe
mupakoctH. Eme B KoHme ReBATHaAmaTOro BeKa ORI pac-
IPOCTPAHEH TAKOH AHEKAOT. DK3aMeHATOp, JKedas Mo-
CMeATHCA HAJA HEHOATOTOBIEHHHIM CTY/AGHTOM, TOBOPHT:
«Hy, y= pas BH He MOI'IH OTBETHTb Ha BCe MOM BOIPOCH,
paspemnTe 3afaTh BaM CaMBlii IIPOCTOM: 9TO TaKoe dNEKTPH-
gectBo?y CrymeHT-otBewaer: «['ocmogmm mpodeccop, gect-
HO® CIOBO 3HAJN, HO 3a0BUT). IK3aMEHATODP BOCKIHIAET:
«KHarkasa moreps VLA 4el0BETeCTBA, OHLT ONWH YEJOBEK,
KOTODHI 3HaJ, 9T TaKoe DIEKTPUYeCTBO, W TOT 3abhUD.

Hepswe mopospenus 0 TOM, ITO YIGKTPHYECTBO SB-
JAeTCA He HONPEePHBHOR KAXKOCTHIO, a COCTOAT W3 0COOHIX
YacTHI, 4 TAKMKE YBEPEHHOCTh B TOM, 4TO JIEKTPHYECKHE
9aCTHIH KAaK-TO CBABAHE C aTOMAaMH, 6mm MOJY9eHH Ha
OCHOBAHMHM H3YICHHA 3JIOKTPOJIH3A.

IIpomensBas ONHITH II0 PAasiOKeHMIO BEIECTB, DAac-
TBOPEHHHX B BoJe, IpH HPOXOKACHAH TOKa Yepes PpacTBop,
Maitkn @apapeit (1791—1867) YCTAHOBHA, YTO OfHH U TOT
/K@ DJIEKTPHYECKHH TOK HOPHBONAT K BLIXGJNCHMIO Pas3amy-.
HOTO KOJIMYeCTBa BEM[ECTBA Ha 9JOKTPOAAX B 3aBHCHMOCTH
OT TOr0, KAKOe XMMAYECKOe CO[MHeHHe PACTBOPEHO B BO®.
®apageit Hamea, YTo OPH BHCJCHHH OXHOTO IPAMM-aToOMa
OMHOBAJIGHTHOTO BEMECTBA UEPe3 BIEKTPOJHUT HPOXOLHT
96500 xyioHOB, a mpH BHIEJIEHHH OHOTO IPaMM-aTOMA
ABYXBAJIEHTHOI'O BEMmeCTBA 9TO YHMCAO YABAHBAGTCH.

Mosxer GHTH BH AyMaere, 9T0, IPHAA K dTOMY Pesyiib-
rary, Qapageii sakpmuan (BpEKa» u 00BABWI, YTO OH
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BHACHEI mpupopy saexrpuiectsa? Her, ennknii sxcmepn-
MeHTaTop He paspemma cebe Takylo ganrasmio. Dapageit —
BO BCAKOM CJIydae B TOM, 9TO KacajloCh 3JEKTPHIECKOTro
TOKA,— BeJd cefd, Kak mepcoHa)< mpefHAymed raasu. On
moJiarajJ HeOGXONMMEIM HOJB30BATHCH JHUIIb TeMA IOHS-
TASIMH, KOTOPHE MOXHO XapaKTepPHM30BATH UHCJIOM.

Kax e Tax, cmpocHT uurarenb, Beb NOKA3aHO, 9TO
6,02 -102® (BB BCHOMEHAETe — 9TO YMCIO ABOrajpo) arOMOB
nepenocaT 96500 kynonoB anexrpudecTsa. CiregoBaTesbHoO,
HOleJIAB BTOPOe 9HCIO HAa HEpBOe, A HONYYy BEJHIHHY
KOJIIMYeCTBA DJIEKTPHYECTBA, KOTOpOe HeceT Ha cefe 6ol
opHoBanmeHTHEI aroM. Omnepamms pgexenms pmaer 1,6X
%X 10-1* Kn. Bor ona, HamMeHbImaa mopuusg IeKTPHIeCT-
Ba, WIH «aToOM a.uempnqec'ma» HIH «3JIEeMEHTAapPHHE 3a-
pan»!

Ho umcno Asorampo Gsuio ompenesene amme k 1870
rony.

Tonpko TOrfAa (HOAYMAaTh — BCETO0 JHIL COTHIO JeT
HA3a) (PUBMKH, KOTOPHE JIOOAT NPUAYMHBATH THIOTE3H
(ux TeMmepaMeHT M CKJaJ yMa CHJIBHO OTJIHYAIOT MX OT HC-
CEROBATENIA, KOTOPHI He XO4eT BHIXOAUTH 3a IPENEJH
deHoMeHa);, PEMIWJH, - YTO BECbMa BePOATHHIM ABJIAETCA
caepyiomee npearonoenne. Hapany ¢ snexTpuiecKn Hei-
TPAJIbHBIMA aTOMaMH CYMeCTBYIOT YACTHIH, Hecymme Ha
cebe OfMH WINM HECKOJBKO QIEMEHTAPHBIX 3apANOB 3JEK-
TpAYeCTBa (HOJNOKHUTOIBHOT0 WIW OTPHIATENbHOTO). ATo-
MBI, HeCYIIWe Ha cebe. IMOJOKATENbHEE 3apsan (KaTHOHEI),
. OTKJaJILIBAIOTCA NPH DIEKTPOIM3E HA KATON; ATOMH, He-
cymue Ha cefe VTPHOATENbHHA 3apAf (aHHOHEL), omnanu—
BAOTCA HA aHOJE.

Momeryns codeif, pacTBOPHMHX B BOfe, paclajgalorcs
HA QHHOHH ¥ KATHOHH, HANPHEMeDP MOJEKYJa IOBapeHHOH
COJIM — XJIOPMCTOTO HATPHA — pacuajfaeTcs HO HAa aTOMHI
XJI0pa W aTOMHI HATPHA, a H3 NOJO)KUTEJbHHA HOH HATPHSA
¥ OTPHIATEJBHHH# HOH XJopa.

IIOTOKN MOHOB

Camo coboit pasymeercs, 4T0. fIBJIEHHe BIEKTPOJIM3A
. JUMb TOJCKA3HBAET NCCIENOBATENI0 MACI0 O CYIECTBOBA-
. HU¥ DIEKTPHIECKHX HacCTHI. .

B koune nenﬂmanna'roro ¥ HauaJe ABAJLATOTO BEKOB
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6bII0 MPEJJIOEeH0 MHOKECTBO CIOCOGOB mpeBPAIIeHHA MO-
AEKYJ B 3apAKEHHBIe OCKOJIKE (9TO fABIeHHE HA3HBAETCH
poHM3anuel), OO IOKABaHO, KAKEM IyTeM MOKHO
c037aTh HANPABIEHHH® HOTOKH 3apAKeHHHX YaCTHI, M,
pakoHell, GBI pa3paGoTaHH METORH H3MEpeHHA 3apsAfa H
macchl #HoHoB. IlepBoe 3HaKOMCTBO ¢ MOHHHIMH IOTOKaMA
¢u3MKE HONYYWIHM, BKIIOYAA B Helb IOCTOAHHOTO TOKA
CTeKIAHHYI0 TPYOKY ¢ paspe;keHHHIM rasoM. IIpu HeGomnb-
oM HAIPSKEHNM HA 3MeKTPOAaX, BUAAHHHX B TPyOKy,
Tok depe3 Hee He moimer. Ho, oxasmBaercs, coecem He-
TPY/IHO IIPEBPATHTh Ta3 B IpoBOoAHMK. K mommsammm rasa
OpHBOABT AeficTBMe DPEHTTeHOBCKHX Jydel, yabrpadmosne-
TOBOTO CBeT3a, PANHOAKTHBHOrO m3iyuenus. Moxuo 06oii-
tiCh B 663 NPHHATHA CHeNHUAJbEHIX Mep, HO TOrAA HANo
NOABECTH K TPyOKe ¢ rasoM Gojiee BHICOKOe HAIPSAMKEHHO.

T'as craHoBHTCA MpoBoAHEKOM ToKa! MoxHo npenmono-
JKATH, 9TO MOJEKYJH Pa3aMHBAIOTCA HA AHHOHHE M KAaTH-
oHb. AHWOHH ABIKYTCA K IOJNOMKHUTEJIBHOMY, 8 KaTHOHH
K OTPHOATeJIbHOMY JIeKTpoAy. Bammi#t sram B wmccae-
[AOBAHHE 9TOTO SBJIEHHA COCTOSA] B COSMAHHM IOTOKA' 9ac-
tun. JlAA 9TOTO B 3IEKTpOME HANo CfilenaTh OTBEPCTHE H
TpomIe/iTAe Yepe3 Hero MOHHI OXHOTO 3HAKA YCKOPHUTD JIeK-
tprueckuM moseM. C momoinsio fAHadparM MOMKHO CO3AATH
Y3KM# OYYOK AHMOHOB WM KATHOHOB, ABMKYIIEXCH CO 3HA-
YHTeJHHOA CKOPOCTHIO. Eciim nyvoxmagaer Ha 9Kpad Tako-
ro THIIA, KOTOPHI NCHONB3YETCA B TONEBH30DE, TO MH YBH-
AEM cBeTAMmYIOCHA TO4YKY. [[ponycKas HDOTOK HMOHOB 1Uepes
iBa B3aWMHO NEPHeHJMKYJAPHEIX SJTEKTPHIECKAX HONA U
MeHAA HaOPAREeHWsA Ha KOHAEHCATOpaX, COBNAIOMMX 3TR
[OJIfA, MOJKHO 3aCTABUTH CBETANIYIOCA TOYKY OpDORHTE IO
9KpagHy. ,

C moMompIo MOAOGHOTO YCTPOACTBA MH MOJKEM OIpefie-
AATH Ba)KHEAMMWI HmapameTp YacTHIH, a WMEHHO OTHOMIO-
HUe ee 3apaAfa K Macce. :

B ycropsaromeM mosie #oHH HAGHpAIOT HEPTHIO, paB-
HYI0 pafoTe ANEKTPHIECKHX CHI, T. €.

~ 1/2m2 =eU.

Hampsisxenne maM M3BeCTHO, a CKODPOCTH YACTHI[ OIIpefe-
JIACTCA CaMBIMH Pa3NHIHEIMH cHocoGaMu. MOMKHO, CRaMeM,
H3MEDHATHh OTKJIOHCHHE CBOTOBOro IATHHIIKA HA SKpaHe.
fleno, wro orkmomenme Gymer Tem Goabme, em Goabme
nyTh, NPOASHHEIN JaCTHIICH, W 9eM MEHEBIIe ee HaUaJbHAsA
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cKopocTh. 3afiada pemaercs BuoaHe crporo, Oma moxoska
Ha PacyeT TPACKTOPHH FOPH30HTANHHO OPOMIEHHOTO KAMHA.

Ects Tamke cmoco0nl mpAMOTO HM3MEDEHAs BPEMEHH,

3aTPavYMBaEMOr0 MOHOM Ha NPOXO;KACHHE BCEro MyTH.
. Vrax, wsBecTHH HampsskenHe M CKOPOCTh HoHA. Uro
/K€ MOKHO BHIYACIUTH B PpPe3yJbTaTeé TaKOTO onnrra? Us
YPaBHEHHA CleyeT: OTHOIEHN® 3apAKa Y4CTHIH K €e Mac-
ce. 1 Bor wro 006mmHO: Kak HM MEHATH YCJHOBHA OMHITA,
KAKHMH OTKIOHEHMAMH B YCKODEHHAMHA YaCTHE HYM MOJb-
30BATHLCH, HAKAK HE YHAeTCA OTHENHUTh BeAWUAHY 3apsfa
OT MaccH. JImmp yuwTHBas CBemeHuss, pasmobHTHe XHMHA-
KaM{d, ¥ 3HaYeHWe HIeMEHTAPHOrO0 3apAfa, MONYIeHHO® H3
DIIEKTPONW3a, YAAETCA CLENATh- YBEe PeHHKI BHIBON: 3aPHAMNEL
BCEX OJHOBAJNEHTHHIX HOHOB OfMHAKOBHI, B3apANH BCEX
[BYXBaJIEHTHHIX HOHOB B [iBa pa3a Goixplle, TPeXBAMEHTHEX
mOHOB B TpH pasa Oojinme... Pasamins B OTHOMEHHAX
3apsAfia K Macte, KOTOPHe YNAeTCA MEPHTHC HCKIIOTHTENb-
HO- GOMBION TOYHOCTHIO, MOMKHO HOITOMY paccMaTpUBaTh
KaK MeTO]] H3MEDEeHHs MAaCCH HMOHA,

Bor nosromy nmpubop, urpaomuii oueHs GONBIIYI0O POTB
AJMA XUMHM M XWMAYECKOH TEXHOJOTHW, OCHOBAHHHM Ha
OPYHOVOE ONHCAHHOTO HAMH HOPOCTEHBKOTO OWETA, HOCHT
HAaBBaHME Macc-CIeKTporpada (KHHTa wdeTBepTas), XOTA
o cyTm fexa om JHaMepseT OTHOIEHME 3apsAfa K Macce
HOHOB, -

-

9JIEKTPOHHLIN JIVY , .

He Gynem cnenoBarh 3Hr3arooGpasuoMy XOmy WCTOPH-
9YEeCKHEX COOHITHH, ‘KOTOpPHI npmBea (USHKOB K TBEPAOMY
y0esx/ieruIo, 9T0 He TOABKO CyIIecTByeT HaMMEHbIIaA IOp-
I[UsA - DIeKTPHYECTBA, HO 9TO dTA MOPIHA MMEeT MaTePHANb-
HOTO HOCHTENsI, HA3BAHHOTO 3IeKTPoHoM. OmmmeM sKcme-
PUMEHT, KOTODHIi Ceifyac JeMOHCTPHPYETCA HA IIKOIBHBIX

YPOKAaX..

M pubop, npennasnaqennbm IJIA DTOHM BafavuH, Rorna-'ro
HA3HBalCA KaToguoil TpyOxoii. Temephr ero hima — siek-
TPOHHO-JIyueBas TPyOKa, WIHM dJIEKTPOHHAS IYNIKA, WIH
ocnunnorpadp. Ecan Bu yumamcs B IIKoJIe JAaBHO B HE BHJE-
im aToro mpmGopa, He oropuaiiTech. BH X0pomo 3HAKOME
¢ BIIEKTPOHHO-TYIeBOH TPyOKoil — 9T0 I7IaBBaA 4acTh Ba-
Iero TexeBH30Pa, HA HKPIHE KOTOPOTO IEKTPOHHEIE Jyd
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cszmqunca
IKPAH

' R Puc. 2.1.

puCyeT KapTHHH, HaGIIOJleHHe KOTOPHIX HHOTHA JOCTaB-
aseT YAOBOABCTBEE H BCOrZKa mosBoJsaeT yourb cBoGOIHOE
BpeM.

Ho ‘BepHeMCS K IIKOJBHOMY onnry: Cxema prﬁxn mo-
.KasaHa Ha pHc. 2.1. Tpy6ra maeanpHO OTKaYaHA; MOTGKY,
KOTOpHE MOFIE GH paspymarbesi, B Hell HeT. Onnauo, Ha-
KQJIBB TOKOM (6ro HA3HBAIOT KATONHKM) METALIHIECKYIO
HHTH, & 3aTeM IONCOeJUHEB KATOHX B aHOJ K COOTBETETBYIO-
M HONI0CAM MCTOUHEKA HANPSKEHHA, BH 0GHAPY/KHTe HA
aKpaHe TPYOKE CBeTANYIOCA TOYKY, a IPH NOMOIIH H3Me-
pHTeIBLHOre mpHGOpa YCTAaHOBHT®, UTO OT aHOAA K KATOAY
momresl DAGKTPHYECKHA TOK. KcCrecTBeHHO HA3BaTh ero
aHOJHHIM. ¥

Pa3 Toxk mpmer vepes mycroTy, To IpUAETCH CRENATHh BH-
BOMl, 9TO pacKajJeHHAA HHUTh MCHYCKAOT OTPHUIATEABHO 3a-
PFIKEHHEE TaCTHIIHL. flpnenre HOCHT HA3BAHME® TEPMOAIGK-
TPOHHOH BMIUCCUH. Jlw6oe pacxa.ueunoe Teno olmagaer
210l CII0COGHOCTHIO.

YacTune — He CTaHeM, CKPHBATh OT YATATElNf, ITO ITO
M eCTh JJEKTPOHBI, — HANPABIAITCH K aHOHAM, HMEIOMHUM
dopmy cTaKaHOB ¢ KPYTABM OTBEPCTHOM B JIHE. JAGKTPOHK
BHXOASAT B BHAe Y3KOTO IY9Ka, KOTOPHI MOKHO HCCJEN0-
BaTh TEMH JKe cuocobamu, Ko'ropue MBI TOJILKOQ 9T0 OIACAJIH
[UiA TMYYKa HOHOB. -

VGeRHBIMECH OPH IOMONIE CBeTAIMIETOCA DKDAHA B TOM,
9T PACKAMGHHAA HHTH HCIYCKAGT DICKTPOHEI, MEI HPACTY-
NaeM ¢ IOMOINBI0 OTKIOHAWIMAX HJIACTHH K OHmpefeseHuio
OTHOMEHHA 3apsARa K Macce. Pe3ynnTaT OKaaHBaeTCA CAE-
Ayomum. OrHomenue maa duaexrpona B 1840 pas Goabmre,
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YeM 9TO 3Ke OTHOMEHUE [JIA CaMOT0 JEeTKOTO MOHA, & MMEHHO
HoHa Boziopoaa. Ml fenaem oTciofa sakiaiouenne, 4T dJIeK-
tporns 1840 pas merue moma Bofopopja. JTo BHAYHT, UTO
macca 2JeKTpoHa pasHa .10 1.

Opunako YaraTeab BIpaBe 3aMETHTh, YTO MH CAMIIKOM
Toponmmes. Belb Heap3s jKe W3 H3MEDPEHHS OTHOIICHWS
sapAfia K Macce 3JEKTDOHA fAeNaTh 3aKJI0YeHMe, 9TO ero
.Macca MeHbIe MAcCH WOHA. A MoKeT GHTH 3apAAL mOJO-
JKUTEJBHOTO MOHA W DIEKTPOHA .COBCEM pasHEIE? .

TlepBoe ompenenenme oTHOMEHWA 3apANa K Macce dIeK-
TPOHA GHIO IPOBEEHO elle B KOHIE NPOILIOTo BeKa 3a-
meuateabHeM QusnkoM Jxosedom [I:xomom Tomconom
(1856—1940). (pyspa naswBaau ero [[sxumxu. Bepoar-
HO, 9TO COKpallieHHe, KOTOPOe IacTO BCTPeUaeInh B MeMyap-
"Hoii nHTEpaType, BEHIBBAHO HE CTONBKO JIGOBBIO aHTINYAH
KO BCAKOTO pofia abGpeBmarypaM, Kak TeM, 4T0 B HeBAT
HaJinaToM Beke xuA M paGoTan Apyroi 3amMevaTeNbHBI (u-
3EK, HOCHBmEH Ty e ¢ammamio. dto Bmasam Tomcon,
KOTODHIi 3a CBOM HaydHHe 3acIyru GHUI BO3BENIeH B JBO-
PAHCKOE JOCTOMHCTBO, IOCAE UeTr0 CTAA AMEHOBATHCH JIOP-
nom KeasemaoMm.) Koneuno, karogHas Tpy6Ka, KoTopoit oH
NOoJB30BaNCs, ObIa Tropasgo MeHee COBEPINEHHOH, YeM
'coBpemenHHbli ocmminorpad. Tomcon HpeBocxommo HmoHH-
MaJll, 9TO ero H3MepeHHe JHIb fiejiaeT BEPOATHHM AUCKPeT-
HOCTh DIICKTPHYECKOTO 3APANA W CYMECTBOBAHHUE HAWMOHDL-
meil mOpUHE B1EKTPHIECTBA.

Hax s10 HE Ka)ercs CTpaHHEIM, necMOTps HA TO, 9TO
mHorue ¢uamku HaGIIONANHW HOBEJCHAE KATONHEIX H aHON-
HHIX Jy4eit, GEUIO eme MHOTO CTOPOHHEKOB THIOTe3H, 4TO
aTW JAY4YM MMEIOT BOJHOBYIQ IPAPORY. JTH HCCAELOBATONH
He BHAeIH HeoGXONMMOCTM HPH3HATH, YTO TOKH, TEKYyIIue
o0 MeTaJUIMIeCKOMY IPOBORY, HO JKAAKOCTH M NIPOXOAsA-
mye Yepes rashl W BaKyyM, ABIAAITCA GawmaillnmMmm pof-
crBenAuKkaMu. OHE HacTauBajiu Ha Oojee MPAMBIX OKa3a-
renbcTBaX. !, KOHEYHO, Mbl MOKEM 9TO HOHATH: A
NpeBpamennuA THHOTe3H B (AKT KOCBeHHEe aprymen'rm
HEeJ0CTaTOYHHL.

Urak, mpesspe Bcero Guumo neoﬁxonmuo HOAKPEIHTH
9Ty YBepPeHHOCTH IPAMHIMHA H3MEPEHHsMHA BeJIHIMHH 3aps-
7la 9aCTHIH. JTVM HONKTKY — OTHIONL He Gesycmemuue —
HAYaan OpeJUPAHEMATECS caMAM TOMCOHOM H €ro yUeHH-
kama B nepBrX rofax XX mexa. Hambosee Tounmne mame-
penns Gsun nposepenst B 1909 r. PoGeprom Munnnxenom.
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OIIBIT MUWJIJIMKEHA
Mszicab 0 IECKPETHOCTH IEKTPHYECTBA HPEACTABIAOTCH
0YeHb CMeJIOi, a BHYHCJEHHe DIEMEHTAPHOTO 3apsMia CHo-
co60oM, € pacckada 0 KOTOPOM MH HAYajM IJIaBY, MOKHO
tTpakroBaTh 7 mHade. [louemy, Hanpumep, me CKasaTh, 4TO
aHMOHE CYMIECTBYIOT B JeMCTBHTEJBHOCTH, & OTPHIATENb-
HOe JJIeKTPHYECTBO ABJIAETCH KHAKOCTBIO, KOTOPAsA yBie-
KaeTcsa LoMoKUTeNbHEIM HoHOM. OfMH HOH BaXBATHIBAET
OlHO KOJIHYECTBO STOH JKUAKOCTH, APYToif MOH — JAPYroe
KONHIECTBO, & OIHIT 1aeT HEKYIO cpenmolo BEJIHYHHY: Bnon-
He 3ApaBoe OOBACHEHHE. .

Hax 6510 TOMBKO YTO CKa3aHO, ONHTH ToMCoHa 6LIJIH
CHIBHBIM, HO He PeIIaloIuM KOBOLOM B HOJb3Y CYIIECTBO-
paHmsa ieKTpoHA. IloaToMy He npmxomwmrcsa MokassBaTh,
CKOJIb BayKeH ObLI AJiA (H3MKH DKCIEPUMEHT, B KOTOPOM Ha-
JHYHe 3EeMEHTAPHOTO 3apAfia DIEKTPHYECTBA OHLIO JOKa-
3aHO € TaKO# CTeNEHbIO HATMANHOCTH, UTO BCe COMHEHHS
GLLIE TYT ke OTGDOIIEHH B CTOPOHY. Takoil onkr GHy Ho-
crasren B 1909 .r. amepmkamckum ¢msmkoMm . PoGepron
Muannrenom. S He cTaRy TOBOPHTH 0 ApyrEX paGoTax arTo-
ro yueHoro. Ho ommoro aroro mcciaenoBanus Guiio AoCTa-
TOYHO AIA TOTO, YTOGK €ro MMA BOILIO BO BCe yYeGHEKH mO
¢dusmKe.

. Upes sroro sameuaTeqpHOTO ONHTA OCHOBHIBRETCA HA
npocroM ¢arre. Tak ;Ke, Kak CTeKIAHHAA HAJOYKA, HO-
TepTaA MeXoM, IpuobperaeT »IeKTPHIECKUe CBOMCTBA, TaK
BexyT cebs u Apyrue.Tea. ITo ABJICHHE HASHIBACTCA HIEKT-
pusaumeii Tpenunem. Ho, coGeTBenHo rosops, mouemy Hamo
AyMaTh, 94T0 TAKOe CBOHCTBO HpHCYIe JHUIOh TBEDHAHM Te-
aam? He 6ynyT 1H 31eKTPH30BATHCA KaleJbKH Macia, Ko-
TOpHE MH (yIeM BIOPHCKUBATH B KAKYIO-IHGO KaMepy,—

Belb, IPOXOAA depe3 TOPJIHIIKO HyJIbBepH3aTOpPa, Maciao
G6ymer momBeprarbcsa TpeHmio. OKa3HBaeTCA, TAK OHO H
ectb. UTo6H ybeauTHCA B 9TOM, HAO IPUTOTOBUTH B IPHH-
nuIe 09eHb HECAOKHYI0 YCTAHOBKY: HAIPaBHTh CTPYIO Mac-
JAfHHX GPHSr B HPOCTPAHCTBO MEKAY FOPH30OHTAIBLHO Pac-
MOJIOKEeHHBIME O0KIaTKaMH KOHAGHCATOPA H IPACIOCOOHUTD.
MHKPOCKOI, KOTOPHIH 03BoAsAN GH CIEANTH 3a ABHIKEHHMEM
Kameas. Iloka sjexTpmieckoe moje He HONAHO, KAIEAbKH,
ectecTBeHHo, GyAyT mafaTh BHH3 HOJ JeiCTBMEM CHIHI TS~
mecre., Hamenapkd jerxwme, mosToMy CHIA THAKECTH IIOYTH
HeMeJJICHHO YPABHOBECHTCA CMJIOH CONPOTHBJIEHHSA BO3NY-
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xa ¥ oHm OynyT majgaTh papHOMepHo. Ho kak Toapko Ha
n.nacmnm HaKIaHBaeTCA HAUPS’KeHHe, KAPTHHA MOHAeT-

1. [IBIKEHHe KaIX CTAHOBHTCA AU00 YCKOPOHHBIM, JH60
sauennenm.m, B 3aBHCHEMOCTH OT HAIPABAGHHA 3JIORTPHUE-
ckoro moas. Muianmkesn = BHGEpan TaKoe HANPAaBICHH®

. DOAA, KOTOPO® BACTABIAAO KAaNeABKY ABATAThCA MOJJICHHE®.
Ilocrenenno yBenmumBas moJie, eMy YRABAJOCH, TAK CKa-
38Th, HONBECHMTh KAl B Bo3nyxe. lleammm wacamm Ha-
6atofan mecaexoBaTelNb 8a ofHoM Kamield. C moMompio NoAs
OH MOT VNPABJATH ee SBIMKEHUOM B OCTAHABIMBATE IO ’Ke-
IaHHO,

Yo e MOKHO BHIHCIHETH C IOMOMBIO TaKOTo omeTa?
Cragana 06CyIUM CBOJAOHHA, KOTOPLe OYAYT HOJYIOHE! Ha-
GMIONeHMAME B OTCYTCTBEE HOJA. PaBeHCTBO CHA TAMKECTH
H CONPOTHBICHUSA BO3LYXa MOKET 6m~5 8aTMCaHo B Taxoh
dopme:

: mg =av.

IlnoTHOCT, Macia Jerko OmpefeSaNTbh He3aBHCHMEIMA OIE-
TaMu, JHEAMETD KaIinm m3mepsaeTcd MEKpockomoMm. Pas Tak,
TO Macca Kaumam BeAmCiaserca 6e3 Tpynma. Ilamenwe kamiam
‘IPOMCXOJHUT MEJJIEHHO, W, HAHECH UEePTOYKA HA CTEKIIO
MHEKPOCKOIA, MH C MOMOIIbI0 CEKYHAOMOpAa HailieM JoCTa-
TOYHO TOYHO CKOPOCTHh mafieHHMsi Kainam v. Torga ms manm-
CAHHOTO BHI® YPAaBHEHMA HAXORHTCA Kodpdwumuent co-
IPOTHBIGHHEA 4. ‘

A Temeps BRA0UYMM mojie. YnobHee BCero KoOUTHCH Ta-
KOTO T0JI0;KeHnA Bemielt, wro6H Kamia Haaja PaBHOMeD-
-H0 mofHmMarhkesa. K AByM cmiaMm, koropsie Ghurm, mpmba-
BANACH TPOTh — CHIA CO -CTOPOHE SIAGKTPEYECKOTro WMOIA,
HANpAKeHHOCTh KoToporo E HaM -mssecTHA (OTHONIEHHO
HAOPSKOHAA K PACCTOSHUIO MEKAY IIACTAHAMYA KOHIGHCA-
topa). PaBHOMEpHOS ABMIKEHVE BBEPX 03HAUAaeT, WTO ypaB-
HOBOCHJIHCH TPH CHILL. YCIOBHe dTOTO pasHoBecusa Gymer
UMeTh BH[;

. qE-—mg=¢w’.

- HoBoe 3HaueHme CKOPOCTH U’ HMBMEPAGTCA TEM ’Ke MHKPO-
ckomoM. Mrak, BCce BeJMUMHE, BXO[AIIEe B ypaBHEeHHe,
~~M8BECTHH, KPOME BEIMIMHH B8apAfa Kamue. Brramcamm
3HAYCHHAE STOTO 3apAfa W BaIAIIEM ero B TeTPALb, KOTOPYIo
obsBaTeapHO BefleT M0G0 ARKYPATHEI DKCIePHMEHTATOD.
Bor temeps Mu mogomue k riaassoit Buaymke. Tox B
DJIOKTPOJIATE, PACCYIKAAX MENNHKEH, DePeHOCHTCA HWOHA-



ME PasHHX SHRKOB. Ho Befib HOHH MOKHO o6pasoBaTh H B
raze. BO3IyX HOHHWBYeTCS CAMHMH DasHEIMH HPUeMaMH.
Mo:KHO, HROPHEMED, BCI0 YETAHOBKY MOMECTHTDH OKOJIO PeHT-
reHoBCKo# TpyOru. PénTreHoBCKEE JIyY:m HMOHM3YIOT BO3-
KyX. 910 GHJIO IPeBOCXONHO W3BECTHO B Te BpemeHa. Ho
ecI¥ KAIIA 3apsiKeHa, TO OHAa Oyjaer OPHTATMBaTHL K cebe
HOHH OPOTHBOHOIO0KHOTO 3HaKa. Hak TONBKO HOH mpmianm-
geT K Kalllle, 3apAJ ee B3MEHATCA. A KaK TOIbKO 3apAx CTa-
HeT APYTHM, TO H KaIIA E3MEHHT CBOIO CKOPOCTH, KOTOPYIO
MH Cpa3y jke HalifileM HOBHM H3MepeHHEM.

HaGnionenss mokasamny, aro maes sepra.-Iocae srmio-
9eHHsA PEHTIeHOBCKOM prﬁnn PasHEe KAaIJIM TO H JIEJNO0
CKAYKOM HAYMHAAHE MEHATH CBOI CKopects. He cmyckas
T41a3 ¢ OfHO# Kamim, HabxiomaTens MePHI PA3HOCTH CKO-
pocTeif o m mocie BRIWIEHAS PeHTITeHoBCKo# TpyOkm. Ilo
dopMyne, KOTOPYIO MH TpUBENH, CPasy e BHHCIATHCE
3HAYCHHA (.

Bul eme He HOHAJH, KIS Y€T0 DTO ne.nae'rca? Ho nony-
Maiire monyume. Ecianm cymecTByer sieMeHTapHBIA DIEKT-
PUYECKHUIl 3apAM, TO H3MEPEHHKE BEeJIMYMHB AOJKHHE OHITH
PaBEH eMy, eCill K Kaiile UDHCOCIHHMJCA ONMH ONHOBA-
JeHTHHI HOH, MAM KDATHH BeJNYWHE JIEMEHTApPHOTO 3a-
pAna, eCIE K Kalje NPANONHIOCh HECKOIbKO HOHOB.

IIpomenas cBOM OIKTH A1 Kamedb Macia, BOXH, PTYTH
7 TAUIOEPHHA, MOHAsA 3HAKW 3apAfa Kameab, MEIIOKeH 3a-
OOJIHMII - CBOIO TeTPafb COTHAMH YHCEJ 3HAYeHHR g, W BCe
OHH OKaBAJIMCh KPATHHIMH ONiHOH H Toil ke BeJIMIMHE, TOi
caMoii, KoTopas Obia HaiifleHa HCCIENOBAaHMAME a.nex'rpo-
nn3a.

Ilocae Toro kax Munnmxens onyGIHKOBAT CBOH PE3YiIb-
TaTH, Jaske y CKEONTHKOB He OCTAJOCh COMHEHHs B TOM,
9TO HIAEKTPHIECKMIt BAPAA BCTPEUAETCA B HPHPOMS AHCKPET-
HEIME HOPHEAME. A BeJb, CTPOTO FOBOPS, M OOHTH Mmi-
NEKeHA He [I0KaSHBAKT HENOCPEICTBEHHO CYMECTBOBAHHE
9JIeKTPOHA KAK HACTHHEL

Ho ranoresu onepeskalor paxtel. B sepumeroit npnpo,ne‘
BIeKTPHYeCTBA KOe-KTo OLUI yBEPeH YKo B Hadaje [IeBAT-
H[NATOro BeKa. 3apAi HOHA BIEPBEE paccumTal Cronn
B 1891 r. m om ;Ke IPeAIOKUI TEPMEH ¢IJIEKTPOH», HO HO
IJA YaCTHIH, & JJIA 3apARA OTHOBAJEHTHOrO OTPHIATENb-
moro moHa. Ommre Tomcoma 3acraBmim HOJABIAIIIEe
GonbmuUECTBO cbnsnxon HOBePHTH B CYMECTBOBAHME DJICK-
Tpoma Kax 4wacTHLIH. JpyJe DepBHi HEJBYCMHCICHHO
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OIpeAeNNT ITEKTPOH KAK YaCTHIY, HOCYNIYIO dJeMeHTap-
HHI 3apAl OTPUIATENBLHOTO JIEKTPHIECTBA.

Tak 9T0 dIEKTPOH LONyTMI UPH3HAHEE A0 TOTO, KaK
€ro «yBHAEIHY.

IIpAMEM jKe 70Ka3aTeIbCTBOM CYMECTBOBAHMA OJIOK-
TPOHA ABJIAKTCA HPOfeaHHEe IO3Ke TOHKMe ombTH. Cia-
OBl TyI0K 9YaCTHI[ 3aCTABAAIT HaJaTh HA DKPaH H HX
MOKHO COCUHMTATh HOOAMHOUKe. HaIHi 3NeKTPOH Aaer
BCOHIIKY HAa CBeTAIEMCs 3KpaHe. Bmpouem, y:ke maBHO
IJIA OTOH IeJil YHOTPeGAAIOTCSH He CBeTAMMECH 9KPAHH, a
cHenuajbHbEe CUYeTYMKM, HA3HIBAeMHE II0 MMEHH HMX H300-
perdrens cueramramu l'eitrepa. B aByx cioBax mpmes atoro
CUOTYMKA 3aKJIIOYaeTCA B TOM, YTO ORHMH JIEKTPOH, Kak
CIOYCKOBOH KpIOU0K penonbnepa AaeT HAYaJg0 CHIABHOMY
EMIIYJIbCY TOKA, KOTOPHIA JIETKO 8aperactpuposath. Takum
o6pasoM (WSHK HMeeT BO3MOMKHOCTb YCTAHOBHTbH YHCIO
9JIEKTPOHOB, IPUXOIAMHAX B xaxyro-.nnﬁo JNOBYHIIKY 3a ONHY
cexynny. Ecin B xauecTBe TaKoil JOBYIIKE B3ATH METal-
Ingeckyio kKoialy, BEYTph KOTOPo#d GyAyT mOmajaTh dIeK-
TPOHH, TO K0j16a IOCTENEHHO 3apALATCH KOJHIECTBOM
DJIEKTPUIECTBA, HOCTATOYHBIM JIJIA TOTO, YTOOH €ro MOKHO
610 TOYHO M3MEPHTD, JIJiA HaXOKAeHHs 3apANA BIEKTPO-
HA OCTAeTCH .MOfIeJIATh KOJMIECTBO DIOKTPUYECTBA HA YHAC-
JI0 DOMMaHHBLIX 3JIEKTPOHOB.

"BoOT TOABKO HOCTE 3TOT0 MOMKHO CKa3aTh: CYIMECTBOBA-
HAe DIeKTPOHA mHepecTajo OHTh THmoTe30it. IT10 .akr.

Co CKOPOCTBIO TOHOYHOTO aBTOMOOMAA MHEI nponerenn
MAMO OTKPHITHH, 3aJOKHBINAX (YHIaMEHT COBPEMEHHOM
¢usuxn. Ho takoBa y:k mx cynanGa! Hosme mema Tecmar

Taphie, ¥ [1a;Kevy310BEe COOLITHA , IPOMCIIeNIIIHe IIPH CTPO-
TOJIbCTBE XPaMa HAYKH, IOPEXOIAT B Be[leHHEe HCTOPHKOB.

Tenepp, mosKaxyd, MOMKHO OTBETHTH ‘Ha BONPOC, HUTO
TaKoe SIEKTPHYECTBO. DICKTPHUECKHH (uiom — 9TO Io-
TOK 9JIEKTPHIECKUX YacTHI]. Teso alleKTpuYecKy 3apsasKeHo,
€CJIH YHCJIO0 YaCTHI[ Of{HOTO 3HAKA MPEBOCXOHT YMCJO0 dac-
THI, APYTOr0 BHAKA.

— Hy u obbacrenne,— meromyer HHTaTeNb.— A 4TO
TAKO® SJIEKTPUISCKAs qacmna?

— Pagse ne sicmo? YacTmusl HABHIBAIOTCA DIEKTpHYE-
CKOMH, eCJH OHH B3amMOJEHCTBYIOT mo 3axony HyJoma.

— UM Bce? — copammBaeT ¢ HETOYMEHHEM YHTATelb.

— Bce,— orseuaer. usuk. — Bce, Kacaiomeecs orse-
Ta Ha Baml Bompoc. Ho Bmepegm Bac :KAYT OTBETH HAa MHO-
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rme npyrne HHTepeCHEe BOIPOCH. MH Bes He CKa3aJH, B
KaKUX CITyd¥asx Hac JKAYT BCTPEUH ¢ dAeMeHTapHoH JacTH-
neil IONOKMTeNBHOrO dieKTpHYecTBa. Ham mpescromr
TaKKe Y3HATh, 4TO IEKTPHIECKHE JACTHNH XapaKTeph-
BYIOTCA He TONBKO 3aPANOM H Maccoif, ‘HO W _QPYrAMH
cBoiicTBaMM.

Ho cmauama moBemeM pasrosop O CTPYKType aToMa.

MOJEJIb ATOMA

Hak mocrpoen atom m3 siexkrTpmueckmx wacrum? Orser
6HI TONMyYeH ¢ IOMOIBIO Jy4deil, HCIYCKAaeMHX pajHeM.
06 asToM 3aMeUaTeJbHOM BEIECTBe i 0 HONBIIOM cemeificTBe
€CTeCTBEHHBHIX W HCKYCCTBEHHHIX PaJHOAKTHBHHEIX DJie-
MEHTOB MH HOTOBODHM B YeTBepToil Kumre. IloKa HaM Hamo
3HATH, YTO papuil HempepHBHS HCOYCKAeT HECTKOe SJIKT-
POMATHMTHO® H3NydYeHHe, (FaMMa-IyduH), ICTOK BJIEKTPO-
HOB (B CBoe BpeMs HashHBaBmmiica Gera-Tydamum) H adbga-
Jy4¥, KOTOpHE HPeACTABIAIT CO00# ABYKPATHO BapsKeH-
HEIe MOHH aToMa TreJHd.

3ameuarennuuiit anramiickmii pusnk puect Pesepdopn
(4871 —1937) B 1911 r. npennoxKua Tak HA3HBAEMYIO ILIa-
HETAPHYIO MOJeNDb ATOMA, K KOTODOf OH IpHIIeN HA OCHO-
BAaHAW TIIATEABHHX HCCIENOBAHMA paccesHMA aabda-gac-
THAL Pa3AAYHHMHA BEIeCTBAMM. Pesepdmpn OPOBOMJI OLEI-
TEF'C (OIBTOi 3010Ta, TOJIMMHA KOTOPOH COCTABAAAA BCErO
AAmb ofHy HecaTylo MmKpomerpa. Oxasamoch, uTO u3
10 000 a.nbd)a-qacmn JHIMb OfHA OTKIOHAETCA HA YTodl,
mpepumaitomuit 10 rpagycoB. |

B 9THX mOpa3HTENLHHX MO IPOCTOTe ONHTAX PHKCHDO-
BAJOCh IPOXOMIeHAEe Kamod oraenbHO yacransl. Pasy-
MEeTCs1, COBpeMEHHAsd TeXHHKA II03BOJIeT IPOBECTH H3-
MepeHWsA COBEPIIeHHO ABTOMATHIECKH.

HNrak, cpasy ke CTaHOBHTCA SACHHIM, YTO QTOMH B OC-
HOBHOM COCTOAT... W3 HYCTOTH. Pefikue 1000BHE CTONKHO-
BeHHsI HAJO HOHMMATh TAQK: BHYTPH aTOMa HMEeTCA II0JIOo-
KHUTEJIBHO 3apsuKeHHoe AApPo. OKoOJO -ALpa PacIONOKEeHH
aeKTpoHH. OHHM OYeHB JIerKHe M HOITOMY HE COCTABJIAIOT
CePbE3HOr0 IPEenATCTBAA AJAA aabPa-dacTHIE. IIEKTPOHHI
TOPMO3AT aib(a-JacTHIy, HO CTONKHOBEHHE C KayKIHM OT-
AeJBHEIM DJIEKTPOHOM HE MOJKET -OTKJOHHTD qacmn;y oT ee
nyTu.
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Pesepdopa MomycTHi, 9T0 CHIH BaamMofieifCTBHA, MO

Iy OXHOWMEHHO 3aPSKEHHEIMU ANPOM aToMa M anxbda-gac-

THUEH ABJAAKTCA KyJIOHOBCKHME cmiamu. IIpeamonosxms

fazmee, 9TO MACCA ATOMA COCPOIOTOYCHA B €r0 AApe, OH

paccuuTa’ BePOATHOCTh OTKIOHEHHs JaCTHI| Ha 3afaHHHIA
yron # mOXyIHa GrecTamiee COBOANieHAe TEOPHHE C OOBITOM.
Bor ‘tak ¢m3ukum H NOPOBEPAIOT BHyMAaHHHEe HMH

MOJIeJH.

— Mopens HDpeACKA3HBAET pe3yABTATH OMEITA?

— Hda. . \

— 3naunr, oHa oTOGpa)aeT MAeHCTBHTENBHOCTH?

— Hy, sauem sxe Tar pesxo. Momens o6bsacHsAeT paAxR
ABJIGHUA — 3HAYHT, OHA XOpoIma. A ee YTOGHEHHe - IEJO
6yaymero... _

Pesynsratal onnToB Pesepdopna e ocraBasanm comue-
HASA B CIPABeAJIMBOCTH CJHELYIONIET0 YTBeP/KICHHUA: BJIEK-
TPOHH IIOX [eliCTBHEM KYJIOHOBCKUX CHJ ABIJKYTCHA OKOJO
Axpa. :

Ws Teopmm clemoBasm M HEKOTODHE KOJHIECTBEHHEIE
OLeHKHA, KOTOPHE NOATBEPAMIUCH B fasubHelimem. Pasmepn

* CAMBIX MAJIKIX aTOMHBIX AJ[ep OKa3aluch PABHHIMH IPHMEp-
a0 10~1% cm, B- TO BpemMs Kak pasMepH aToMa — HOPSAAKa
10-¢ cm. - '

Comocrasisas pegynbTaTH ONHTa C pacueTaMd, OKasa-
JIOCh BO3MOXXHHIM ONEHHTh M 3apAXH CTAaAKABAIIIAXCA

' sifiep. JTH ONEHKH CHrpaim GoJbIylo, eCiM He OCHOBHYIO,
poab B TPAaKTOBKE HEPUOAMIECKOTO 3aKOHA CTPOGHHA Dile-
MEHTOB. - . ‘ ‘

Hrak, momean atromMa mocrpoena. Ho HemenneHHo BO3-
HHKaeT ciaemyiomuii sompoc. Ilouemy snexrponm (orpuna-
TeAbHO 3APAKeHHEIE YACTHIH) He HagaloT HA AApPO (3aps-
skeHHOe mosomrenbHo)? Ilouemy arom ycroitams?

Yro sxe TyT HOmOHATHOTO, CKasKkeT UHMTaTe]b. Bens
- maders He nafaior Ha Coname. Cmia I6KTPAYECKOTO IPO-
HCXOK[IeHHA fABIAAETCH, KaK W CHJIA TAIOTEHHUs, NEHTPO-
, CTPeMUTeNbHOM CHI0M B 06eCIeYHBACT KPYTOBOE IBMKEHHe
SJIEKTPOHOB OKOJIO AApA. ’

Ho B ToM-TO M fAeno, 9T0 aHAJOrHA MEKAY IUIaHETHOH
CHCTeMO# M aTOMOM HOCHT JHIIb IOBEeDXHOCTHHIN Xapak-
Tep. Hak Mu ysHaem moske, ¢ ToUKH 3peHEs 06IEX 3aKO-
HOB 9JIEKTPOMarHUTHOIO I0JA aToM 0643aH H3IyIaTh BJIeK-
TPOMATHHTHHE BOJHEL A, BOpPOYeM, MOKHO M He BHATH
TEOPHI0 9JIERTPOMATHETHM3Ma, DBemecTBo, T. ©. aTOMEH,
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CHoCOoGHO MBIYHATh CBET H Telwsio. Pas Tak, TO aToM Tepser
DHEPruio, a 3HAYMT OJEKTPOH MOJKeH HaflaTh Ha AAPO.

HKaxos :xe .Bhxof u3 mosnomenusa? OH odYeHD «HPOCTH:
HaJ0 ITPEMUDPHTLCA -C (PaKTaMu B BO3BECTH- 3TH (AKTH B
paHT 3aKOHA HPHpPOAH. IToT mAar ® 6wur caenan B 1913 r.
BOJAHKWUM (DHSHKOM Hamero croxeras Huascom Bopom'

(1885—1962).

HKBAHTOBAHUWE 9HEPI'N -

Haxk m Bce mepBEe marm, aTor mar GEJI OTHOCHTEJNHHO '
poOkmM. MBI M3J10;KAM HOBHIT 3aKOH IPAPOJH, “KOTODHIi He
TOJBKO cilac aTroM Pesepdopna, HO m sacTaBma Hac mpmitTn
K BHBOJAY, 9TO MeXaHMKa GONBIIMX TeJ HENPUMEHHMa K
9acTHOAM MAaJOf MAaCCHI )

IIpuposa ycrpoeHa Tak, 9T0 PAJ MEXAHHIECKHX BeJH-
9NH, TAKAX, HAIPHMEP, KaK MOMEHT AMIYJbCA H KaK DHep-
rusA, O J060f cHCTeMH B3amMOAEHCTBYIOMMX YacTHI[ He
MOTYT HMeTh HeHmpepHBHHH psaj 3uaueHmit. Hauporms,
aToM, 0 KOTOPOM y HaC HAeT peub cefiuac, WIM ATOMHO®
AXPO, O CTPOCHUH KOTOPOTO MH OyHeM TOBODHTH IIO3KE,
AMEIOT CBOI0, CBOACTBEHHYI0 TOJIBKO JaHHOH CHCTEMe IIo-
CJIe[0BaTebHOCTh dHePTeTHIeCKNX yposHeil. meerca Ham-
HH3MHA YPOBEHH (HYJeBOM). JHePrAs CHCTEMH HE MOJKET
OHTH MeHbIIe dTOTO- 3Ha4eHMA. B cayuae aroma dT0 03HA-
9aeT, 9TO eCTh TAKOE COCTOSHES, B. KOTOPOM BJIGKTPOH Ha-
XOOWTCA HA HEKOTODOM MHWHHMAJHHOM PACCTOAHHA OT
Axppa.

Vzmenenme sHEPrum aTOMa MOET nponcxonmb TOJBKO
ckaukoM. EcNIH CKAauOK HpOHM3OMIEN «BBEDX», TO BTO BHa-
9HT, 9T0 aTOM HOraoTHA sHepruio. Ecim ckavor mpomsomes
«BHH3», TO aTOM HM3JIy4YHWJ dHEPTHIO.

Mu yBupmEM mos:ke, KAK KPACHBO C 9THX HO3HLUA pac-
muPPOBHBAIOTCA CHOKTPH M3JIYYeHUSA PA3IHIHHIX CHCTEM.

. CdopmyinpoBdnHHil 3aKOH HA3HBAIOT 3aKOHOM KBaH-
ToBaHEA dHEprHM. Mosxro Tarie roBopuTh, YTO DHEPTHA
UMeeT KBAHTOBHIH XapaxTep.

Cnegyer oTMeTnTh, YTO 3aKOH O KBAHTOBAHHHM HOCHT
coBepmeHHo o6mumit xapakrep. OH HpAMeHMM HE TONBKO K
aToMy, HO ¥ K JI000MYy IpefMeTy, COCTOAIEMY M3 MALIH-
appos aromoB. ‘Ho, mmesa meno ¢ Gonpmumm TexaMm, MBI
MOjKeM 3a9acTyi0 «He 3aMeTATHY KBAaHTOBAHUA 3HEPTHH.
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Jleno B TOM, 9TO, rpy6o rosops, y mpeamera, COCTOSAIIETO -
u8 MWINEAPAa MUIHADOB ATOMOB, UHCJIO 9Heprermde-
CKUX ypOBHe#l BO3pacTaeT B MIJIIMAPR MHJIHAapPKOB pas.

DmeprerudecKne ypoBHH GYXYT PacUon0keHH CToab 6ams-
KO Pyl K APYTY, 9T0 OPAKTHYECKH COJBIOTCH. l'IoaTomy
MHL HE 3aMeTHM AMCKPETHOCTH BO3MOKHHX S3HAYeHEH dHED-
rad. Tak 970 Ta MeXaHWKa, KOTODYIO MH HM3Jarajd B IEp-
BOH KHHIe, IPAKTHIECKN He M3MEHAETCH, KOrga pedb HAeT
o GoapmmX Teaax.

Bo BTOpOji KHHTe MBI BHACHHIH, 9T0 Iepeada sHeprau
OT OJHOTO TeJa APYroMy MOKeT mpomsoiitn B gopme paGo-
T u B (opme Temna. Temepb MH B cocroAHAHM 00BACHUTD,
B 9eM pasxmume 3THX ABYX PopM mepepnaum sueéprumm. Ilpm
'MOXaHHIECKOM BO3JeHCTBHM (CKa)KeM, IPH CIKATHU) dHED-
reTHYecKue YPOBHH CHCTeMH cmemaioTcs. CmemmeHue aTo
OUeHb HE3HAUUTENBHO M OOHAPY:KHBAETCA JHIIb TOHKUMHA
ONLITAMH H JUINb eCH JaBIeHHA [0CTATOYHO Beamkd. Uro
7Ke KacaeTcd TeIJIOBOTO JeHCTBHA, TO OHO COCTOMT B Hepe-
BOfie CHCTeMEI ¢ Gonee HA3KOTO yPOBHA 3Heprum Ha Gosee
BHCOKHH (HarpeB) WM ¢ BHICOKOTO Ha Gosee Hm3KWHA (0X-
JaKAeiine). .

KsamToBaume pHeprum, Tak #e KaK W APYTHX MeXaHH-
YeCKUX BeJIMYMH, SBJASETCH OOIUM 3aKOHOM HPHPOAH, U3
KOTOPOTO CTPOTO BHITEKAIOT CaMble Pa3jiMdHEe CAeHCTBHA,
HaXOofAMmMAe HOATBeDKACHAC Ha OLEITE.

Mosxer OHTH BH XOTHTe CHpPOCHTH, IOYEMY SHEPTHA
kBanaryeres? Ha ator Bompoc orsera Her. Tar ycrpoena
mpupona! Besikoe oGbsicHeHme ecTh CBEeEHA® TaCTHOTO
- ¢arra k Gonee obmemy. M= ceilidac me 3HaeM HH OJHOTO
yTBEDKIEHUA HACTOABKO 00mero, uro0H m8 Hero, Kax
Ce[[CTBHE, BHTEKal0 KB3HTOBaHWe bsHeprum. —Homeuno,
B UPHHIHIC HO HCKJIKYOHO, 9TQ B KaixbHeHmeM GyayT oT-
KPHTH CTOJIb MHAPOKHE 3aKOHH, YTO IPAHOANE KBAHTOBON
MeXaHUKE OKa)KyTcA HX caefcrsuamu. Hak 65 To Hm Griio,
Ha CerofHs 3aKOH KBAHTOBAHWA HBJAQTCA OfHAM W3 He-
MHOTHX BeJHKHX B3aKOHOB HPHPOAH, He HYKAAIOMMUXCH B
JOrU9ecKOM O00OCHOBAHHWH. JHEPTHA KBAHTYETCH, IOTOMY
YT0... KBAHTYeTCHA.

B raxoit o6meit fopme 9TOT 3aKOH GBI YCTAHOBJIEH B
1925—1927 rr. Tpymamm ¢paunnyscxoro ¢usuka Jlym me
Bpoiina m memenkmx ¢usmxoB JpemeEa Illlpegmmrepa m
Bepuepa T'eiizen6epra. Yuenne, B 0CHOBe KOTOPOI'O J€KHT
NPpUHANNN KBAHTOBaHUA (Aa, A 3a0BLI cKasaTh, UTO B mepe-
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BOJIe HA PYCCKU ASHK CJHOBO (KBAHT» 03HAYAET (IIOPIAAY),
moXyYdN0 HA3BAHAE KBAHTOBOM WM BOJIHOBOH MEXaHHKM.
A nmovuemy BoaHOBOH? O06 3TOM BH y3HaeTe mo3me. -

IEPAONYECKNN 3AKOH MEH]JIEJIEEBA

B 1868 r. Benuknmii pycckmit xumuk Imuarpnit Usanosma
MengeneeB (1834—1907) omy6amkoBas OTKPHTHH UM Ie-
pUONMYECKHl 3aKOH CJElOBAaHHA XHMHYECKHX DJIeMEHTOB.
Mu He cramem mpuWBOAUTH 3mech TabaMny Mennemeesa, Ko-
TOPYI0 UHTaTeNh HAHAET B HIKONBHOM y4Ye0OHUKe XHMHUH.
HamoMumM, 9TO, DPaclo/i0}KHB M3BOCTHHIE DJEMEHTH B DA
0 aTOMHEIM BecaM, MeHgexeeB saMeTu, 9T0 XHMHYECKHE
CBOICTBA W HOKOTOpHE (iA3MIECKHe 0COGEHHOCTH 3IeMEeHTOB
MEHAIOTCA II¢PAONHYECKA B 3aBUCHMOCTH OT ATOMHOTO Beca.
. ‘B rabamme, cocramiennoii MenjeneeBniM, Ka:KAHH u3
3JIEMEHTOB HPHHAMIEKHUT K OJHOM HW3 JeBATH TPYIN H K
OHOMY M3 CeMH HePHONOB. JIeMeHTH, IPpHHANJIEKAMHe K
onHo#l rpyume, MennmeneeB pacmoioiKm1 B Bufe CTOJIGIOB
TaKkuM 00pasom, 9T00H Te M3 HEX, CHMBOJE KOTODHIX pac-
HOJIarajuch APYT IOA APYToM, 06iaafand 6B OXMHAKOBHIMH
XUMHIeCKuME cBoficTBamMu. Okasanoch, 9To, A0OUTHCA 9TO-
ro MOKEO GBLIO JHIOB B TOM Ciiydae, eciil HPefuod0KuTh,
4To MMEIOTCA eIle HEeOTKPHTHe sneMentH. Jas uux Menpe-
JIeeB OCTaBWJI (IIYCTHE KIeTOUYKm» B cBoeidl tabmamme. Ilpo-
30PAMBOCTS BEJHKOTO YIEHOTO IPOABAIACH U B TOM, 9TO OH
HOMeCTH;I aTOM HEKeJA Ha (HaJIe;Kalieey MeCTo BCJIEH 3a
K06aJbTOM, HECMOTPA HA TO, YTO ATOMHHIA BeC Ko0axbTa me-
CKoJbKO Gonbme, '

Hexoroprie «mycTHe KIETOIKEY OHIN 3aHONHEHH eIe
mpn xu3ad Menpeneesa. 9To IPUHOCHO eMy MHPOBYIO Cja-
By, n60 BCeM CTaJO0 ACHO, YTO COCTABJIEHHE dTOH TAONUIH —
He mpocTo POPMANbHHIA AKT, 8 OTKPHTHS BEJIWKOI'0 3aKOHA
OPUPOIH.

CMECA TOPATKOBOTO HOMEpa, KOTOpPHI NPHUIHCHBAET
TabIdna XAMAYECKOMY 9JIeMEeHTY, CTajX OYeBHHAIM JIHIIb
mocsre TOro, Kak y QH3NKOB He 0CTaJ0Ch COMHEHHiA B CIIpa-
BeUIMBOCTH IJaHETapHOM Mojenm aroMa Pesepdopma u
8aKOHOB KBAHTOBAaHMWs snepruu. Hakos sxe aror cmuica? O1-
BeT OKa3HBAETCA Ha PEeJKOCTh HPOCTHM: IOPAMKOBHI Ho-
Mep paBeH WHCIY 9JIEKTPOHOB, BPAIIAIOMHBXCA OKOXO AApA.
Mosao ckasaTh ® Tak: HOPANKOBHI HOMED ameMeHTa —
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?TO MOAOKUTEABEHI BapaA €I ANPA, BHPAKCEHRI B eNy-
HHMAX 3apAjga JJeKTPOHA. '

IMepuoamesckmii 3axon Menpencesa, MPUBINI KBAHTO-
BAHNA SHEPTHH M M3yYCHHE XapaKTePHCTHICCKUX ONTHYE-
CKHX H pPEHTTeHOBCKMX CIOKTDOB _aTOMOB (0 HAX MH
paccxazkeM IIOI035e) IO3BOJANY I OHATH HPHYUHY TOHEAECT-
BEHHOT0 XHMHYECKOTO LOBEJICHASA ATOMOB, CTOAIMUX B Off-
HOM croalbme Tabammu Menneneesa.

OHeprusA aToMa eCTh DHEPIUs B3aWMOJEHCTBEA BIAEKTPO~
HOB ¢ AnpoM. [lockoabKy sHEPIER KBAHTYeTCH, TO XOTHI-
HO GOm0 6H ROOyCTHETH, UTO BIEEKTPOHH KAJKEOTO ATOMA
MOKHO PACTONOMKATH B PHJ 10 smepruam. Tlepssrii-smext-
POH cBs3aH ¢ sAApPoM Hamboiee CHILHO, BTOpoil cuaabee,
TpeTHH eme caabee W T. ., TAK UTO DISKTPUHH aToMa
PACHONOMEHH IO 3HEPTOTHICCKWM CTynembKad. Jlormka
HAC He TONBOJMT, HO ONET UPHBOAUT K YTOYHOHNIO 2Tod
.gapraEH. Bo-mepBHX, oKasmBaeTcd, YTO Kasmmylo SHOpTe-
THIeCKYIO CTYIeHbKY MOJET B3aHEMATH HO OfWIH, A fiBa-DIek-
rpena. IpaBna, atn DNCKTPOHE He OJMHAKOBH, & OTIMIa-
0TCA EPYT OT APyTa CBOHCTBOM, KOTOPO® HA3HBRGTCA (CITH-
aom». CsoiicTBo 2710 BekTopHOe. Tak gro ulobmream Ha-
THAMHOCTE MOTYT IPeACTaBUTh oeGe, 9TO Ha BAWOIHEHHOM
CTYIDCHBKE HAXOJATCS [BE (TOUCTKMY, CHACKOEHE CTpel-
KaM#,— OfiEA CTPONKA CMOTPUT «BHH3», a JpPyras
«mepxm ‘

CaMo CIOBO «CINH) BOBHEKIO CIeXYIOIEM oﬁpaacm
9T0 aHrAmCKOe CAOBO, KOTOPOE B IEPeBONe HA PYCCREL
A3HK 03HaYaeT «OHCTPO BpamaThCAy. YToOH MpeficTaBETSH
cefe, TeM OTIHIAIONCH ABa BACKTPOHA, CHAAMNUO Ha ONHOM
CTYymeHbKe, HpeANaraioch AYMaTh, 4T0 OfUH 3BIEKTPOH
BpaIgaeTCs 10, a EPYTo#l — IIPOTHB TaCOBOH CTPEIKH OKO~
70 ¢BORH cobCTBeHHON OcH. JTa MOAEAL GEiNa HOJICKABAHA
HOBEPXHOCTHHM CXOECTBOM ATOMA ¥ TASHETHOH CHCTEMH.
Pa3 aieKTPOH — HEUT® BPOAE ILTAWETHI, TO TCIeMYy OH He
paspemnTh eMy BpamaTbCA OKoXo cBoeil ocu. f pmommen
09epeIHON pa3 OTOPIATH YUTATENA: HATAANHO HPEICTABATH
ceGe CO¥H DIPKTPOHA — BIfATA HOBOSMOMKHAH. A BOT KaK
or0 M3MEPHTH, MH CEAFEM B CEeyIomel riase.

+ Ho 3710 He eAMBCTBOREOS BaKHOE SARIMYCHNE (K KOTO-
POMY HAC TPHEBEEO BHMMATEALEOE H3YEEHES CHOKTPOB ATO-
uosB). Bropoe 3akmoueHTe COCTOANG B TOM, 9TO CTYNGHLRH
SHEPIWA OTCTOAT APYT 0T APYTa HAa HEPABHEE PACCTOSHES

.8 MOTyT 6BITH pasbUTH Ha TPYUIH.
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3a mepBoii cTymeHbko#, KoTopyio HasnBawT K-ypos-
geM, CJIeZyeT dHepPreTWIeCKdil PaspHE W 3a HEM TPyNOa U3
8 aMeKTPoHOB, 06o3navaeMas Gykeoi L, sarem rpymma ms
18 aaexrponos, ofosmazaemas Gyksoi M, ... He Gymem
ONHMCHIBATR PACHONIOKEHUe YPOBHEH M HOPANOK HMX 3amod-
pgeHna Aud BCeX aToMoB. HapTHHA 0KasHBaeTCA He CTONb
yK IPOCTOl ¥ ommcanme ee moTpe6oBano GH MHOTO MecTa.
JleTaln B Hame#l MAaIeHbKOH KHMMKKe DOIH He MIPaloT, H
1po CTYIeHbKW A YOOMAHYJA JHIIL JIH TOTQ, 9To6H mosnc-
HATH, B YeM 3Ke CXOJCTBO ATOMOB, KOTOpPHEe HAaXONATCA
apyr Ooft Apyrem B Tabnmme Memnneneesa. ORaamsaerca,
¥y HEX Of[HHAKOBO® IHCJIO BIEKTPOHOB HA BepxHell rpymme
CTYIOHEK.

CTaHOBHTCA ACHHM XEMWIECKO® NOHATHE BATEHTHOCTH
atoma. Tak, y. IuTwd, HaTpHA, KaJauda, pyOupma, Hesud #
¢paHnus D0 OJHOMY 3JEKTDPOHY Ha BepXHell rpymme cry-
meaex. ¥ .0epmJuIMsa, MarHusA, KAJIsHAA ¥ T. A.— IO [Ba
aleKTpoHa. BanenTHsie dleKTPOHH ciaalee PEero CBABAHE
¢ aromoMm. IloaToMy Tnpm WOHHMBANMHA- ATOMOB, CTOALIMX B
nmepBOM CTOXOLe, 06pasyoTCcd Jierie BCOTO ONHOBAPANHEIE
gactuial. VoHm 6epmuma, MATHUA W TP. HECYT HA cebe
aBa 3apsafa, H T. 1. NS

9JIEKTPUUYECHOE CTPOEHUE MOJIERVII

< X¥MHAKHE HaSHBAIOT MOJEKYJI0H MeJhdaiimero mpefcra-
poTenAa pemecTBa. Duamkm Goapmed YacThI0 HOABL3YIOTCA
9THM. CJI0BOM JHIOE B TOM CAyYae, €GIH 3TOT MeJbuamdtmuit
IpefICTABHTENb PealbHO CYIECTBYET KaK OTIeJbHOe Ma-
JeHBKOE. TENO..

CymecTByeT 11 MoJIeKyJaa mopaperHoi conu? Honewno,
orseTuT xuMuK, u HammmeT dopmyny: NaCl. IloBapennas
COlb — 910 XJopuCTHi Harpmi. Moaexyma cocTomT H3
O/{HOTQ ATOMA HATPHA H OJHOrO aToMa Xxopa. OgHako aroT
orper nmms gopMansHo cmpasemams. Ha camoMm xe pexe
HE B KPHCTRJLIMKE IOBAPEHHON COAW, HA B PAaCTBOPE COIH
B BOJe, HH B HADPAaX XJOPECTOI0 HATpHA MH He 06HADY:KH-
Baeu oépE aTOMOB, KoTOpas Beda OB ce6f Kak oflHO Ie-

. Kag M rosopmim Bo BRTOpO# KHATE, B KPHCTAJIHK®
Ka&muﬁ aToM HATpHfA OKPY:;KEH IIeCThI0 XJODHHMH Coce-
namu. Bee aTH cocefm paBHONpABHH, M HAKAK HEIb3d CKa-
3aTh, KAKOI M3 HEX (IPHHANIEIKATY JAHHOMY aTOMY HATPHA.
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« 'PacTBOpHM TOBapeHHYI0 coab B Bome. Oxaskercs, 4TO
PACTBOp — HPEBOCXOAHHH UPOBORHMEK Toka. Crpormmm
ONEITAMA, 0 KOTOPHX MH y’&e TOBOPHIH, MOKHO IOKa3aTh,
9T0 SJIEKTPHIECKHN TOK IpefcTaBiAer cob6oit IOTOK OTpH-
TATeJbHO 3apsKEHHLIX ATOMOB XJ0pa, NBWKYIHAXCA B Of-
HY CTOPORY, ¥ HOTOK IOJOKATEIbHO 3aPAKEHHHX aTOMOB
HaTpuA, IBHKYIMAXCA B IPOTABONONOKEYIO cTopony. Tak
YTo IpH PaCTBOPEHHH ATOMH XJIOpa W HATDHA TaKKe He of-
pasyloT KpemKo CBABAHHYIO IIaPY aTOMOB. '

ITocne Toro Kaxk MoJeIb ATOMA YCTAHOBJEHA, CTAHOBUTCH
ACHBIM, 9YT0 aHHOH XJIOPAa IPEACTaBJIAeT co00H aToM XJopa
¢ IMIIHWM» 3JIeKTPOHOM,— HAUPOTHB, KATHOHY HATpUA
«He J0CTaeT» OfHOTO dIEKTPOHA.

Mo:xHO a¥ cAexaTh OTCIOfia BHIBOJ, YTO M TBEPHOE TEJO
IIOCTPOeHO He U3 aToMOB, a U3 HoHoB? Jla. 10 HokashBaer-
cA MHOTHMH ONIHTaMHA, Ha GIECAHHA KOTODHIX MH He CTa-
HEM OOTaHaBJInBaTBCH.

Hy, a nap# xnopumcroro sarpua? U B map4x Mu He Ha-
xoaum mosekya. Ilap xnopucroro HaTpua COCTONT U3 HOHOB
WIM M3 PA3IHIHEIX OYeHb HEYCTOWYHMBHIX TPYIO HOHOB.
O MonexkynIax MOHHKX COSQMHEHWH MOMKHO I'OBOPHTH JHIID
B XWMHYECKOM CMEICJ® 3TOT0 CJOBA.

Wonnsie coennuennn o6A3aTeJbHO PACTBOPAIOTCA B BO-
me. Takme pacTBOPH, KJIaCCHIeCKIM IPEMEPOM KOTOPHIX
ABAAIOTCA OPOCTHE COJMH METAJIOB BPOXEe XJIOPHCTOTO HAT-
pus, o0aafaloT Xopomeidl NIPOBOAMMOCTHIO M IOITOMY
Ha3HBAIOTCHA CHIBHEIMHA SJIOKTPOJHTAMM.

IIpuBenem Temeph HECKONHKO HPUMEPOB BeMECTB, KOTO~
PHe IQCTPOEHH H3 HACTOAIMAX MOJEKYZ — M3 MOJEKYH
B (M3MIECKOM CMEIC/E DTOTO CJIOBA. JTO KHMCJIOPOA, asoT,
YIJIeKHCIHE TIa3, YINIeBOXOPOAH, YIIeBONH, CTOPOHWAH,
BETAMUHEL... CIHCOK MOKHO OHUIO GH LPONOJIKATH BechMa
0TO.

Beanue maccmimxamm BCeT/Ia HECKONBKO YCJOBHHL
IloaToMy A pmomsxeH mpefyHpeAHTh YHTATENSA, UTO HHOIAA
MHl CTATKMBAEMCA H C TAKHMH CAYYafgMH, KOITa B OMHOM
arperaTHOM COCTOSHHH BEMECTBO COCTOMT M3 (HM3HYeCKHX
MOJIeKyJ, a B Kpyrax — mer. K TaxumM BemecTBamM oTHO-
CHTCA TaK0® BajKHOe, KaK Bofla. Mosiekyas BOfsHOro mapa
HECOMHEHHO OTHeJbHEIS TENbIa. A BOT B KPHCTALIAX JbIA
«OKOHTYDHTB» OfHY MOJEKYNy M CKasaTb, YTO BOT 3TOT
aToM BOJIOPOJA CBA3AH TOJABKO C BOT TEM ATOMOM KHCJIOPO-
Ra, Y:Ke TPYOHOBATO.
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Kax OH To HE GBLIO, KIACC MONOKY/AAPHBIX KPACTAJIOB
pecbMa OOIIHpeH.

Bo BTOpO# KHETe MH yKe TOBODHIH 0 TOM, KaK IIOCTPO-
eHHl MONEKYNADHE® KpucTalnu. Hamowmmum, uro B xpm-
cTajie YIVIOKHCIOTo Tasa, popmyna xoroporo CO,, arom
yraepolia mMeeT NBYX OUeHb ONU3KAX KHCIOPOMHHX CO-
ceneit. Y Bo BCeX OCTANBHHX CHydasix, H3ydas CTPYKTYpPY
MOJIEKYIAPHOTO KPHCTa/Xa, M CDasy ke BHJMM, YTO HMe-
eTCA BO3MOKHOCTh Pa3GHTh KPHCTAJI Ha TECHO PACIO0-
JKeHHEIE TPYIIOE ATOMOB.

Pa3 oHH TeCHO PaCHOJOKEHH, 3HAUMT W CBA3AHH 60b-
mumu cuname. Tax ono u ects. I'pyGo rosops, cunsl, cBsa-
3LIBAIOMIAE ATOMBI, HPHWHAIJAEKAIME® OXHOH MoJeKylde, B
€TO, a TO H B THCAYY pas GoJbIne CHI, nenc'rnylonmx MeK-
Iy aTOMaMH COCeJHHX MOJEKY., ,

B weM ke cocTomT BHYTPHMONeKyaspHasa cBass? Joc-
TaTOYHO ACHO, ITO NPECTABICHHAMHA 0 HIPHTAKCHANA BIEK-
TPAYECKH BaPAKeHHEIX OTPHIATeNBHEIX N IIOJOMKHTeNb-
HHX HoHOB 00ofiTHCH He ypgacrca. Bemp cymecreyior mMoire-
KYJH KHCJIOPOHa, a30Ta, BOAOPOJa, IOCTPOSHHEE B3 OfAHA-
KOBBHIX aTOMOB. HeBO3MO)XHO INPEANOJOKHTH, YTO ORHA
TepseT, a Apyroil mpmobperaer amekTpoH. C Kakoil crarm
SJIEKTPOH HOJIKeH IPEeJoIecTh npeGHBaHne OKOJIO OXHOTO
n3 ABYX ONMHAKOBHX ATOMOB.

O6baACHEHEHe CYIHOCTH BHYTPHMOJIOKY.IAPHOH CBsA3H
IPHILIO JIKITh BMECTe ¢ KBAHTOBOH MexaHmkoi. Mu TombKo
9T0 CKA3aJI| TATATENI0, UTO 9HEPTHA M0G0l CHCTeME KBaH-
TyeTcs, cOOOIMAN, YTO HA OfHOM YPOBHE DHOPIHH MOTYT
HAXOMHUTHCA [(BA 9JEKTPOHA C HPOTHROIOJIOMKHO HAOmpas-
JeHHHMHA «cOEHaMEy. Jlajsee, W3 OCHOBHEIX THIOTe3 KBaH-
TOBOH MEXaHHMKH BHITEKAaeT OJ{HO WMHTePeCHOe CJEe[[CTBHO.
OraspBaercs (9T0 y)ike He MAIOTE3a, a CTPOrdmil MaTeMarTnm-
YeCKmi BHBOJ, KOTOPHIl ME He IPHBOJAM HJ-38 €T0 CIOK-
HOCTH), 4TO CaM0@ HM3KOe 3HAYeHHE DHEPTHH, KOTOPOe
MOKeT HPHHATH SJEKTPOH, OIpedelsieTcsa pasmepamz of-
lacTH, BHYTPH KOTOpPOH oH gBm:KercsA. UeMm Goibme arm
PadmMepHl, TeM 9HEPrHUA dTOTO «HYJEBOTO YPOBHA» HIUKe.

Teneppr mpeacraebre cefe, 4TO [Ba aroMa BOZOPORA
npuGamxanTcs APYr K Apyry. Ecam omm ob6beguusmiorcs
B ONHY CHCTeMY, TO «KBAPTHPa» MJA Ka)KAOT0 JIEKTPOHA
CTaEeT IPEMEPHO B [ABa pasa Goabme. B ommoit m Toi sxe
KBAPTHpe MOTYT MHPHO Y)KATHCH JIBA SJI6KTPOHA ¢ IPQTH-
BONOJIOWKHO HANDABJAEHHHIME CHHHaMH, ClefoBaTejibHO,
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TAK0® COKHMTeNABCTBO BHIrogHo. (Q6JacTh CyMECTBOBAHHA

A 060UX DJIEKTPOHOB BO3POCHa. 3HATIAT CyMMAapHAA SHED-

THA CHCTeMH Iociae oGrefMHeHuA ABYX aTOMOB B OfHO Ile-

noe uonmsmnack. Hy, a To, uro awbas CHCTeMa — ©CIH -
eCTh Ha TO BOSMOKHOCTb — CTPEMHTCS NEPEHTH B COCTOA-

HEe ¢ HaWHHU3MeH dHEPruell, HAM UPEBOCXOJHO HW3BECTHO.

ITo aroit camoit mpmumue npenocramennmﬁ cam cebe map

CKAaTHIBAeTCA C T'OPKH.

‘Hrak, 06pasoBaHMé XWMAYECKOH CBA3H 03HAYaeT 0606-
MIECTBIICHAE DJIEeKTPoHOB. VIMeeTcss HEKOTOpOE KOJMMIECTBO
SJIEKTPOHOB (X HA3HIBAIOT BHYTDPEHHMMMN), KOTOpH® Bpa-
MAlTCA OKOJO Hep aTOMOB, HO HEKOTOPHIE IGKTPOHH (UX
HA3HBAOT BHEITHEMY) OXBATHBAIOT B CBOeM [BWKeHHH IIO-
Kpaiineit Mepe mapy Gamxaiimux aToMOB, & TO B ITyTemecT-
BYKT IO BCEM aTOMaM MOMEKYJNEH.

Bemectzo, TIOCTPQEHHO® U8 MOJIEKYJI, M Y3HAOM II0 ero
DIIeKTPHIECKAM CBOMCTBaM. PacTBOp TAKOr0 BEIECTBA TOKa
me nposonur. Monexyas me pacmajalTCsA Ha 4acTH, a me-
Jas MOJEKyJa 3JeKTPHIecKm HeiTpambHa. B mmpkocrax
H DapiX MOJEKYJNH COXPAHAWT CBOK CTPYKTYPY — BCH
TPynIa aTOMOB JBIGKETCA KaK OJHO HeJoe, IepeMemaercs
OCTYHATeNbHO, BpamaeTca. ATOME, HPUHAJJIEKANAE Ofi-
"'HOH MOJIeKYyJe, MOTYT JHIIb KOO6ATEES 0KOJIO CBOMX HO-
* JIO’KeHHH paBHOBECHA.

HeiirpanpEas MoJieKyia He Hecer Ha cefe ameKTpHue-
ckoro sapsaga. Ho e ToponnTecs Hesiath 3akI0IeHuUe, 970
TakKasd MONeKyla He CO3JlaeT HJIeKTPHIECKOro mois. Ecam
MOJIeKyJia HECHMMETPHAYHA, TO HeHTPH TAKECTH ee MO0~
TEJILHOTO W . OTPHIATEJIBHOTO 3apAKOB HaBEPHAKA COBIA-
gath He 6ynyr. UnrymtuBHO sAcHO, 9TO CoBmAajeHHe IeHT-

' POB TAMKECTH 3apsaNOB 000MX 3HAKOB- OyHeT MMETh MeCTo
B TaKAX MOJIEKYJaX, KaK KHACIOPOX HJIH a30T, COCTOAMMX
73 ABYX ONMHAKOBHIX aTOMOB. TaKke HeTPYRHO HOBEPHTS,
YTO B TAKOH MoONexyJe, Kak, HalpEMEp, MONEKyixa yrap-
soro rasa CO, Tn meHTPH Moryr OHTH CABHHYTH APYT OT-
HOCHTEJBHO Apyra.- Ecim. Trakoe cmemenwe eCTb, TO Impo
MOJNI@KYJy TOBOPAT: OHa 00/aJaeT MEOOABHHM MOMEHTOM.

TepMur mMeeT ciaefyomee IPOMCXOKIACHHE: «IUIONb-
Hasg» MOJNEKyJla BefleT ce0s KaK cHCTeMa ABYX TOUOUHEIX
3apARoB (ONHA TOYKA — HEHTD TsKECTH. OTPENATEIBHEIX,
a [pyras — HEHTP TAKECTH NOJOKHTONABHHX B3apAAOB).
[nmons XxapakrepusyeTcs BeIMYMHOM 3apAfa H (ILICIOM»
AANOJA, T. €. PACCTOAHMOM MEKAY LEHTPaMu,
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He TpebyiiTe 0T MeHA AOKAa3aTENHCTBA, 9TO HECHMMET-
pEYHAA MOJEKyna o0iajaeT 3IeKTPHIECKAM NAIOIHHEIM
moMeHTOM. Mo)KHO He TpaTHTh BPeMA Ha TeOPeTHYECKHe

| pacCy’[IeHHA HOTOMYy, YTO HajMime HOCTOAHHOIO (HWIH,
KaK eIle TOBOPAT, KeCTKOro) -JHIOIBHOTO MOMeHTa 0es
TpyZia NOKa3HBAeTCA HA OLKITO.

IDJIEKTPUKYA : ‘

Me:xIy UOHATHAMM AUAICKTPUE, HEIPOBOAHEK TOKAa H
H30ISATOP MOKHO CTAaBHTh S3HAKA pPaBeHCTBA.

K pgmsieKTpHKaM OTHOCATCA MOJEKYJIAPHHE rash, MO-
JeKyJAAPHEE KAAKOCTH, PACTBOPH TBEPAHIX TeJ, IOCTPO-
eHHHIX M3 MOJEKYJN. TBeDAHMH HIJICKTPHKAMA ABIAIOTCH
CTOKJIa, KAK OPraHMYECKHWe, TAK M HEOPTaHHYeCKH® (CHId-
KaTHEE, GOpaTHHe A Hp.), HOANMEPHHEE BEIEeCTBa, HOCTPO-
eHHHE M3 MAKPOMOJNEKYJ, IJIaCTAYeCKMe MACCH, MOJERY-
NAPHEE KPHCTAJ/IIE, 3 TAK/Ke HWOHHEE KPHCTAJIHL.

MH HaDOMHIJIA YATATENIO B IePBOH IVIaBe, YT0 eMKOCTD
KOHJGHCATOpPA BO3pacTaer, e€CIH B IPOCTPAHCTBO MEKAY
nIacTHHAME BHeCTH J11060i fuaaexTpuk. [Ipencrasbre cebe,
YT0 KOH[[EHCATOD HOJCOeJUHEH K MCTOYHMKY HOCTOSHHOTO
HampsxkeHda. EMkocTs Bo3pocia, HO Beflb HaPAKeHHe OC-
TAJ0Ch IPEKHEM, SHATHT K 0OKIaJKaM KOHJEHCATOPa HO-
nomeN MomoxHUTeNbHHH 3apan. Hasanocs OB, Haupsimen-
HOCTH HOAA ROJ:KHa OBima mpm aToM Bospactn. Ho mamps-
JKeHHOOTh IOJIA He MSMEHMJIACH: Beb OHa PAaBHA YaCTHOMY
OT JeNeHMs HANPAKEHHSA HA DACCTOAHHE MEKAY IIAaCTH-
pamn, Hax BHiiTH u3 mpormeopeunsn? EgmmcTBeEHEIM Chio-
cof6oM: IPEXOAUTCA NOLYCTATH, YTO B M30JATOPE BOZHUKIO
QJIEKTPHYECKOe- 11016 IPOTHBOLIOJOKHOLO HAIpPaBJIeHHA,
910 ABiIeHMe HOCHT Ha3BAHUE NOJIAPHBAIMHA JMIICKTPHKA.

Yro ke 3T0 332 0COOEHHEIR 3apAL, KOTOPHE BO3HAKAIOT
BHYTpH AmanexTpuka? Hak HOHATH HeyRauy HOIKITOK OT-
BeCcTH» B SeMaio 3apaj Amaiexkrpuka? aske He 3Hasn Hmde-
T0o 06 BJIeKTPHYECKOM CTPOCHHH BEIIeCTBA, MBI MOKEM CKa-
3aTh, YTO 9TH 3apAAH (CBA3AHHEEY, a He CBOOONHEC, KAK
B MeTaiute. Pacmosnaras jke CBEIleHMAMH O CTPOSHHH MOJIe-
KyX, MH CyMeeM HCYepIHBAiOmuM 00pasoM OOBACEHTEH
CYIMHOCTh ABJICHHA NOJAPH3ANAH, OOBACHATh MEXaHH3M
00pasoBaHuA «IPOTHBOLOJAY, KOTOPOe IPH IPOYNX PABHEIX
YCaoBHEAX TeM 60Jblne, YeM GoblIe €. ,
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ITpesxme Bcero Hafo0 OTBETHTH Ha BOLPOC, YTO MOKET
CllesraTh dIEKTPHYECKoe moje ¢ aromoM B Moiexynoi. Ilon
ReficTBHEM 3JeKTPHYECKOTO I®JIA dNeKTPOHH HEATPaIbHOTO
aToMa W MOHA MOTYT CABHHYTHCH B CTOPOHY, HIPOTHBOIO-
JOHYI0 NONI0. ATOM MM HOH IPeBpaliaeTcd B NUIOIL X
CO03[aeT IoJle NMPOTHBOIOJNO)KHOTO HaupasiaeHHsA. Tark 910
HoJAPHU3ANMA BEmecTBa 00yCaOBIeHA HOJApH3aNmeit aro-
MOB, HOHOB WJIH MOJEKYJ, H3 KOTOPEX OHO IOCTPOEHO.
©  Mexann3M moApH3aNAA, KOTOPEIA ME ONMCANH, Ha3hi-
BaeTCA HPOLECCOM CO3NAHUA MATKAX pumoneil. Ecam mons
HeT, TO HeT m qunoaeit. Yem Goxnme mome, TeM Goapme cMe-
meHwe HEHTPA THAMKECTH JICeKTPOHOB, TeM (osblme «HaBe-
HNeHHEI1» AWIONBHEIA MOMEHT, TeM 0oJbIe HOJApW3amHsA.

OOpasoBanne MATKHX MHOOJEH OT TEMIEPATYpPH 3aBH- -
ceTh He MOkeT. ONEIT MOKA3EIBaeT, UYTO €CTh AHAJICKTPHKH,
Ha KOTODHI® TeMNEPATypa He BIHMAeT. 3HaunT naA HEX OUE-
CAaHHHIA MOXaHM3M CIPaBefiJIuB.

Hy, a uro ixe npuaymMars Ads Tex ciryuaes, KOTHa MMe-
eTCA ABHAA B3ABHCHMOCTH NHMJIEKTPUISCKOH NPOHHIAEMO-
cTE oT Temmeparyph? BrEMartenpmEe HCCIeI0BaHAA CBASH
CTPYKTYPH MOJIEKYJNH ¢ HOBeeHWEeM BEMeCTBA B dJIECKTPU-
YeCKOM I0JIe, a TAK/Ke XapaKTep TeMIepaTypHoil 3aBrCcHMoO-
CTH & (BCerfia moJiApUaamus- MaJlaeT C POCTOM TEeMIOPATYPH)
HPHBOAAT HAC K cleRyiomeil Mucan. Ecam Monxexyns u B
OTCYTCTBH® IIOJA 06.1aflaloT AUIOABHHIM MOMEHTOM ((KeCT-
KHEe» TMIONH) W 'MOTYT MEHATH CBOX OPHEHTALHIO, TO 3TO
06BACHAT TEMIEPATYPHYIO 3aBHCHMOCTH AW3IeKTPAYECKON
IpPOBHMIaeMOCTH. N

HeiicTBaTeaBHO, - B o'rcy'rc'rnne HOJA MOJEKYJIH pac-
NOJIOKEHH (KaK NOmano». J(MmosibAEe MOMEHTH CHIajb-
parorcs reomerpmuecku. Iloatomy ans oﬁ'bema, comeprKa-
mero MHOLO MOJEKYJ], Pe3yAbTHPYIOI(Hi MOMEHT 6yuer
paBeH HYN0. JIEKTPHIECKO® UOTe (IPHEIECHBACT) MOIe-
KYJIH, 3aCTaBJIAET WX CMOTPETh IPEHMYINECTBOHHO B OIHY
cropory. B mpoTMBoGOPCTBO BCTYHAOT ABE CHIH: TEINIOBOE
ABIKeHAe, KOTOpPOe BHOCHT GecHOpANOK B pPacHmoJIO;KeHHe
MOJICKYN, H ynopsafodmsamomee meicrsme noss. Ilomarao,
9T0 UEM BHINE TeMIepaTypa, TéM TPYLHee IOJI0 «COPAaBHTDb-
ca» ¢ moneKynamu. OTciofia @ ciiefyer, UTO THAJEKTPAYE-
CKasa IPOHHWIAeMOCTh y TAKHX BEMECTB [IOJNKHA IafaTh C
yMeHbIIeHAEM. TOMIOPATYPH.

s snydmero 3anoMEHAHEA CKa3aHHOTO HPHBONHUTCH
puc. 2.2. Bepxumii puCyHOK HmOKasHBaeT, YTO IOJAAPU3A-
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IAA aToMa CBONMTCH K CMeIIEHMI0 ® JedopMmanmu dieK-
TPOHEHX 000s04ek: UeM fadbie Pacmoo;KeH SIEKTPOH OT
aromMa, TeM OoJIbIme CKa)KeTcA Ha HeM MNEACTBHEe IHOJA.
Crnon, usobpaskeHHHe HA STHX CXeMAaTHIOCKHX PHCYHKAX
TOUKAMH, CAMBOJINSHEPYIOT MECTa HPeCHBAHAA 3JIeKTPOHOB.
Hano moMEuTh, 4TO KapTHHA HMMeeT BeChMa YCIOBHHIH Xa-
PaKTep, Tak KaK PasHHe YJIEKTPOHH MMEIOT B MOJEKYJIax
pasane 1o gopme obaacTm cymectBoBaHHA (cp. cTp. 102).

Ha cpefneM pHECYHKe IOKA3aHO HOBENEHHe CHMMETPHY-
HOH ABYXaTOMHOM MOJEKYJIH. B OTCyTCTBHEe IOJA OHA He
obimagaer MomeHToM. Ilose HABOXMT SJMEKTDPHYECKHHA MO-
menT. On Moer OHITH PA3HEIM IO BEJWIMHE B 3aBHCHMOCTH
OT TOTO0, HOJ] KAKHM YIJIIOM MOJEKYJa PacIOJIOMKeHA HO OT-
Homenmio K monio. Momenr oGpasyerca Guaromapsa aedop-
Mallid JI6KTPOHHHX 000JI0UeK.

Haxonen, Ha HWKHEA cXeMme TOKAa3aHO HOBEREHUE MO-
JeKyNH, o0Jajaiomeil AWIONBHEIM MOMEHTOM W B OTCYT-
creue moid. Ha Hamell cXxeMe MoJIeKyJIa JHIb IOBEPHY-



nack. Onmako B obmeM cCiyyae y BeINECTB, MOJEKYJIH
ROTOPHX 006JafXal0oT MOMEHTOM B OTCYTCTBHE IIOJIA, OYAYT
HPHACYTCTBOBATH 0628 MeXaHE@3Ma I0JIA PH3aNH; HAPAAY C Mo~
BOPOTaMH MOJIOKYJ -MOTYT OPOUCXOAHTb ¥ CMEIeHHs dIIeK-
TPOHOB. ITH fiBa d(deKTa HETPYAHO pasiennTh, OPOA3BOIA
HMBMEPEHHUA NPH 0MeHbh HASKAX TeMIeparypax, KOorga Bimsd-
HHE TeINIOBOTO JBWKEHHA HPAKTHYECKH OTCYTCIBYET.

Ecuam ata mopmens CUPABEUINBA, TO MK He JOJKHH Ha-
GaonaTe TeMmepaTypHYIO 3aBHCHMOCTH JHYIOKTPUIECKON
NPOHANAGMOCTH Y BEMIECTB, MOJEKYNH KOTODHX CHMMET-
PUYHH, HAOPWMEP TAKAX, KAK MOJEKYJIa KHCIOPOAA HiH
xqopa. Eciu jxe ABYyXaTOMHAS MOJOKYJIA COCTOHMT W3 JBYX
PaBHEIX aTOMOB, KaK, HAIpAMED, MOJEKYJIa yrapHOTo rasa
CO, To B -3TOM CAy4Yae B3aBHCEMOCTh & OT TeMIepaTypPH
ZoKHa EMeTh MecTo. Tak ono u ecTh Ha caMoM gesie. K mo-
JeKyJIaM ¢ OYeHb BHAYMTENbHHM 