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Ilpezentamnuga u
6J1aroJIJapHOCTH

! xuurn The Experimental and Historical

ro pycckuii neperos Aprypa Bapaosa
Foundations of Electricity.?

B wmagane 1990-x s orkpout st cebst pabory Hopbepro Kapmoco @eppeiipa
n3 Uncrturyra @usukn npu Yuusepcurere Can-Ilayny, YCII, Bpazuwmus. Ox-
HUM U3 €10 HAyIHBIX HHTEPECOB OBLIO IKCIIEPUMEHTAIHLHO MTPOAEMOHCTPUPOBATH
caMble BaXKHbIE ACIHEKTHI JIEKTPUIECTBA C MOMOIIBIO OY€Hb MMPOCTBIX U JIETKO
JIOCTYIIHBIX MaTepUaJIOB. ¥ MeHsI ObLila BO3MOXKHOCTH rocerutb ero B YCII B
1993 romy. Bo Bpemsi sTOr0 BH3WTa OH Jaji MHE HEDOJIBIION HAOOP IKCIEpH-
MEHTAJIbHBIX MaTEPUAaJOB U3 TOHKOIO KAPTOHA, IJIACTUKOBBIX COJIOMUHOK, Ia-
nupocHoit Gymaru, ckpernok u T.i. OH TIOKa3aJ MHE, KaK BBIIOJHITH OCHOBHBIE
SKCIIEPHMEHTHI, a Takzke cBoio Kuury Plus et Moins: Les Charges Electriques.
Menst 3axBaTHJIO TO, YTO $I y3HAJ, [TOHUMAs], KAK MOXKHO OBLIO 3IKCIIEPHMEH-
TaJIbHO IIPEJICTABUTH OYEHb IJIyOOKHe (DU3MIECKUE sIBJIEHUsI C IIOMOIIBIO JIETKO
JOCTYTIHBIX MATEPHAJIOB. 91 XpaHWI STOT MarTepuas KaK COKPOBHUINE B TEUEHUE
10 ster, HO He WCMOMB30BAT W HE pPabOTAJ C HAM B TE€YEHHE ITOrO repuoja. 1
ouenb bstarogapen Hopbepro Peppeiipa 3a Bce TO, 9TO 1 y3HAJ OT Hero. Hemas-
HO s ODHApYXKWJI Jipyrue mpousseiennst Peppeiipa, Kak BCErJIa UPE3BBIYANHO
Gorarsie u TBOpueckue.* MHOrO MHTEPECHOrO s IOUEpIHYJ M U3 Geces C ero
yuenukamu Pyn Manyaa ne Bacroc Bueitpa u 9mepcon Mcumgopo noc Canroc.
B 2005 romy s Berpermsn Ajnbepro [acmapa u  obHApYKUJ €ro KHUTY
Experiéncias de Ciéncias para o Ensino Fundamental.’ VI3 Kuuru u 1pyrux ero

HpOI/I3B€,ILeHI/II71 A TaKKe y3HaJ MHOI'O HOBOI‘O.6

I3nexrponnas moura: arthur.baraov@gmail.com

2[Ass10a] u [Ass10b].

3[FMo1].

4|Fer78], [Fera], [Ferb], [Ferc|, [Ferd], [Fer06], [FerOlc|, [Fer01d], [FerO1b] u [Fer0Ola].
5[Gas03].

6{Gas91] u [Gas96].



C 2004 o 2007 s mperofaBaJl Ha KypCax IOBBIIEHUsT KBAJTU(DUKAIINN YU~
TeJiell CpejiHel IIKOJIBI B paMKax IpoekTa Teia do Saber munucrepcTBa obpa-
zoBanus 1mrara Can-Ilayiay B Bpaswiuun. BeiTh npuriameHHbBIM K yIACTHIO B
ITOM TIPOEKTE OBLIO BOJIBIIOH YeCThIO Jjist MeHsi. [[OMOIIb, KOTOPYIO s TOJTy U
OT MUHHUCTEPCTBA 00PA30BAaHUs ¥ OT KOOPIUHAIMOHHON TPYIIILI 00Pa30BATE b=
HbIX mpoekToB YHuBepcurera Kamnunac, GGPE — UNICAMP, a takke mro-
JIOTBOPHOE ODIIEHUE C YIUTEISIMU CPEIHEH MTKOJIBI, IPUHUMABIIAMA YyIacTHe B
HaIlUX 3aHATUSX, OBLIA OYeHb NMPOJAYKTUBHBIMU U CTUMYJIUPYIOIUMUI JIJIsI Me-
Hsl. SHAYUTEIBHYIO [0JIb3Y MHE [IPUHECU ¥ MHOIOYNC/EHHbIE OOMEHBI UIesIMU
¢ mpenofaBaTeisMu Y HUBepcuTeTa KaMmnuHac, KOTOpble yYacTBOBAJIU B 3TOM
npoekTe. B paMkax 9Toil JIeSTeIbHOCTH s PEII IIePeJIaTh YIUTEISIM CpeiHei
IIIKOJIBI TO, eMy st Hayumics y Hopbepro @eppetipa. B pesynabrare 1 BepHyacs K
9KCIIEPUMEHTAM C IIeJIbI0 HAIMCATh 9Ty KHUTY U CJeJIaTh BECh 3TOT WHTEPECHBII
MaTepHuaJi JOCTYIHBIM 00Jjiee MUPOKON ayINTOPUH.

BroxmoBennem Jijist GOJILITUHCTBA ONUCAHHBIX B 3TO KHHUIE SKCIEPHMEH-
TOB IIOCJIY2KWUJIN OPUT'MHAJIbHbIE pa6OTbI O6Cy)KLLa€1\’IbIX 31€Ch YY€HDbIX, a TaKKe
kuuru u crarbu Hopbepro @eppeiipa u Anbbepro Facnapa. C 2004 roma s 06-
HapYKWI APYyTUe MeIaTHble PAOOTHl U MHTEPECHBIE CAUTHI, KOTOPhIE OBLIN Ipe3-
BBIUAIHO TIOJIE3HBI JIJIT MOEr0 CcaMoOOPa30BaHUs B 9TOH 00JIACTH — TaKue Kak
caiit Feira de Ciéncias, oprammzosannerii JIyncom @eppac Herro.”

Ixxon JI. XeitaOpoH NpejyiozKujl HEKOTOPbhIEe YJIyUIlleHusl B IIEePBOil BEPCUU
aroit kauru. Ero Gosbimast padbora, Electricity in the 17th and 18th Centuries: A
Study in Early Modern Physics,® 6blia HAIIEM TITaBHBIM HCTOYHHKOM HCTOPH-
qecKoil nHGOPMAIMK, CBA3aHHOM ¢ 3j1eKTpocTaTukoit. Cepikuo Jlyuc Bpararro
Boce, dxon Ditxaep, Ctup Xarueon, Pabuo Murenan-ge-Maroc Pasanenin u
Beprpan Bonbd cuenanu psifi BaXKHBIX MPEJIOXKEHUI 110 YIIyUIIEHUIO paHHEH
BepCUU 3TOI PabOTHI.

Pucynku msa sto#t kauru Obuin moarorossiensl Jlanmagem Pobcon Ilunto,
uepes crunerauio or SAE / UNICAMP, koropblii Mbl 61ar0JapuM 3a 3Ty OJ-
JIepKKyY. JIaHU9/Ih MOMOT TaK¥Ke MOJIyIUTh CTaphle PUCYHKU U CCHLIKU.

4 xores 6B Tak)Ke OOIATOJAPUTH €Ille HECKOJIBKO JIFOJIE 3a UX MPeJIozKe-
Hust, 06cy)aeans u cebuiku: Christine Blondel, Paolo Brenni, Joao José Caluzi,
Juliano Camillo, Hugo Bonette de Carvalho, Joao Paulo Martins de Castro
Chaib, Asit Choudhuri, Roberto Clemente, Junichiro Fukai, Hans Gaab, Robert
Harry van Gent, Harald Goldbeck-Léwe, Jiirgen Gottschalk, Peter Heering,
Elizabeth Ihrig, John Jenkins, Siegfried Kett, Ellen Kuhfeld, Wolfgang Lange,
Lin Liu, José Joaquin Lunazzi, Ceno Pietro Magnaghi, Eduardo Meirelles, Mahmoud
Melehy, Dennis Nawrath, Marcos Cesar Danhoni Neves, Horst Nowacki, Martin
Panusch, José Rafael Boesso Perez, Karin Reich, Edson Eduardo Reinehr, Ricardo
Rodrigues, Waldyr Alves Rodrigues Jr., Torsten Riiting, Dirceu Tadeu do Espirito
Santo, Wayne M. Saslow, Fernando Lang da Silveira, Moacir Pereira de Souza
Filho, Christian Ucke, Alvaro Vannucci, Geraldo Magela Severino Vasconcelos,
Greg Volk, Karl-Heinrich Wiederkehr, Bernd Wolfram, and Gudrun Wolfschmidst.

7[Net].
8[Hei99).



4 xoren 6b1 mobsiaromapuTh VHCTUTYT (DU3NKKA U MATEMATHKN, KOOPIUHA~
[MOHHYIO IPyIITy 00pa3oBaTesbHbIX IpoekToB n Fundo de Apoio ao Ensino, a
Pesquisa e & Extensao—FAEPEX u3z Yuupepcurera Kammuaac — UNICAMP,
KOTOPBI a1 HEOOXOIMMYIO MOJIEPKKY JIJIsl IIPOBEIeHUsI ITOi padboTsel. 4 Oia-
rosrapio Takke VIHCTUTYT HCTOPUY eCTECTBEHHBIX HAYK [ aMOyprcKoro yHuBepcu-
tera u Ponx Asnekcanapa dpon I'ymbosbara l'epManuy 3a HAyIHYIO CTUIIEH IO
2009 rosa, BO TeueHWE KOTOPOTO MbI COOPAJIM 3HAMUTEIbHBIN O6ubInorpadutde-
CKHUIA MaTepuaJl Jijid 9TO KHUTH.

Poit Kuiiz, pegakrop AneipoH, 6bIJ1 MOMM CTOPOHHUKOM B T€YEHUE MHOTHX
ser. He Oynb ero momiep:Kku, HEKOTOPBIE W3 MOUX KHUT, BO3MOXKHO, HE OBbLIH
661 omyOsmkoBaHbl. OH MPOJEIAT OTIMYHYIO PEJIAKIIMOHHYIO PabOTy JJIst ITOM
KHUTH.

Andre Koch Torres Assis
Institute of Physics
University of Campinas—UNICAMP
13083-859 Campinas - SP, Brazil
E-mail: assis@ifi.unicamp.br
Homepage: <www.ifi.unicamp.br/~assis>



10



I'maBa 1

BBenenne

O1HO#t U3 1es1eil 3TO KHUTHU SIBJISIETCS IIPEJICTABIEHNE OCHOBHBIX SIBJIEHUM DJIEK-
TPUUECTBA IMIOCPEJICTBOM IIPOCTBIX IKCIIEPUMEHTOB, BBIIIOJHEHHBIX C IIOMOIILIO
HEJIOPOTUX MaTepPUAJIOB. MBI ONMUCHIBAEM SKCIEPUMEHTHI O NMPUTSKEHUU U OT-
TAJKUBAHUN; ITOKA3BIBAEM, KAK 3aPs/IUTDh TeJIa IOCPEICTBOM TPeHUs / KOHTAK-
Ta / MHIYKIWU; AHAJIU3UDYEM DA3jIMYHble CBOHCTBA HPOBOJHHMKOB U U30JISTO-
pos u T.1. Kpome Toro, Oyzmer moka3aHo, KaK B IIPOIECCE ITOTO (POPMUPYIOTCS
1 U3MEHAIOTCA TeOPeTUYeCKUe KOHIEHIINN, TOYHO TaK »Ke, KaK 9TO IIPOUCXOIUT
cyHIaMEeHTATbHBIMY 33KOHAMU, OIACHIBAIOIIMMY ITH sIBJICHUSI.

SareM moKarkeM, Kak 00Jjiee CJIOKHBIE STBJIEHUSI MOYKHO [TOHATH U PA3bsICHUTH
B TepMUHAX MPEIbIIYIINX dJIEMEHTAPHBIX dKCIIepuMeHTOB. 1IpecTaBaennsl Tak-
JKe HEKOTOpbIe 3a0aBHbIE U JIIOOOBITHBIE SKCIepuMeHThl. OHU MpeTHA3ZHAYEHBI
IS CTUMYJIMPOBAHUS TBOPYECTBA U KPUTUYIECKOTO Mbliienns. Hekoropsie u3
HUX TaKzKe NUMeIOT I1eJIbI0 COOTHECTHU e KeJIHEBHBIE SIBJIEHHNsI C OCHOBHBIMU 3aKO-
HaMU (DU3UKH.

AxkneHT nesiaercst Ha TPOBEIEHUN SKCIEPUMEHTOB. VCXois U3 9KCIepuMeH-
TOB, MBI (DOPMYJIUPYEM OIPEJIEICHNS, IOHATHUS, TOCTYJIATHI, IPUHIIAIIBI U 33aK0-
HBI, OIUCHIBAIOIINE YJIEKTPUYECKUe ABJIeHNUs. VCrobp3yeMble MaTeprasbl O9eHb
[IPOCTBI, UX JIETKO MOXKHO HAWTH JOMa WJIA 2Ke NPUOOPECTH HEIOPOro B Ma-
ra3une. TeMm He MeHee, C HUMHU MbI ITPOBOJIIM TOYHBIE SKCIIEPUMEHTHI U CTPOUM
OYeHb UyBCTBUTEJIbHBIE HAYYHbIE IPUOOPHI. TakuM 06pa3oM, unraTesib He OyaerT
3aBUCETH OT IKOJIBHON UJIN HAY IHO-HCCIEIOBATEBCKOM JTa00PATOPUH, TIOCKOJIb-
Ky OH OYZIeT CTPOUTH CBOIO CODCTBEHHYIO AIMAPATYPY U MPOBOIUTH M3MEPEHUSI.
Jiist mocTrKeHus STON 1eJIU, MBI IIPEIOCTABIISIEM HECKOJIBKO PA3IMIHBIX COOPOK
JJIsT KaXKJI0N0 MHCTPYMEHTa U HECKOJIBKO PA3JINYHBIX CIIOCOOOB BBIITOJTHEHUS M3-
MepeHuil.

Jlpyroit BaxKHOI MOTHUBAIMEl I HAIIMCAHWS TON KHUTH OBLIO KeJaHue
MIPEJUIOZKATH IIPEIOIABATEsIM U CTYIeHTaM 06a30Bble MHCTPYMEHTHI JIJIs JOCTH-
JKeHusT HaydIHO# aBroHOMUHU. C 3TO 1e/IbI0 MBI IPUBOJIUM BBIJIEPKKHU U3 HAW-
boJtee BayKHBIX PAOOT YyUEHbIX, KOTOPBIE CJIeJIaJIN BeJInKre U PyHIaMeHTaIbHbIE
OTKPBITAS B 0OJACTU JIEKTpUUIeCTBa. Takke OyIeT MOKa3aHO, KAK IIPOBOIUTH
9KCIIEPUMEHTBI, MJIIIOCTPUPYIONINE Pe3yIbTaThl UX HCCJIENOBAHUIN, MOJIb3ysICh
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JIMIITG HegoporuMu mpubopamvu. Takum oOpaszoM, MbI HAIEEMCsI, ITO IUTATEIN
cMoryT O6peCTI/I HaYYIHYIO HE3aBUCUMOCTH BO MHOI'IX OTHOIIIEHUAX: KaK IIOCTPO-
WUTh UHCTPYMEHTHI, KAK IIPOBOIUTH U3MEPEHUsI, KaK C(OPMYJIMPOBATH TOHSTUS
¥ TEOPUH, KAK PA3bsICHUTH WU O0bSICHUTH CBOU BBIBOJBI U T.]I.

Ecsu mpencrasiienibie 37€Ch 9KCIIEPUMEHTBI IIPOBOIATCH B KJIACCE, KAXK IBIi
CTY/IEHT JOJIKEH IPOUTH BCE ITAIBI IKCIIEPUMEHTa U CTPOUTH CaM CBOe 000-
pysioBanue (37eKTPOCKOI, BepcopuyM,’ sjiekTpuaeckuii MasaTHUK). CTyIeHTHI
JOJIZKHBI B3Th BECh 3TOT JIMYHBIA MaTepuas goMoii. Takoil momxop siBsieTcst
ropazzo 60Jiee MOJIe3HBIM, 9€M, KOTJa SKCIIEPUMEHTHI IIPOCTO JIEMOHCTPUPYIOT-
Cs yIUTEJIEM, & CTYAEHTHI OOBIYHO HE KJIaIyT PyKHU Ha Iayr. Mbl cauraem, 4T0
3HAKOMCTBO C HAyKOI ,,Ha MaJbIaxX’ sBJISETCSI OTHUM U3 Hambosee 3PPeKTHB-
HBIX METOJ[OB OOy JeHUsI.

[ToMuMO IKCIIEpUMEHTAJBHON YaCcTH, 9Ta KHUTA COJIEPIKUT TAKXKe OOraThlii
MCTOPUIECKON MaTepuaJi, KOTOPBI JaeT KOHTEKCT, B KOTOPOM ITPOUCXOIUIIO OT-
KPBITHE HEKOTOPBIX sIBJIEHHU U 3aKOHOB. Jlaforcss TakxKe pa3jMdHble WHTEP-
nperanuu paKTUIECKUM JaHHBIM Habmogenuit. Ocoboe BHUMAHNE YIeJ/IsIeTCsl
GbOpMYIUPOBKE U Pa3pabOTKe 00CYKIAEMBIX MOHATUN U (DUBUTECKUX TPUHITHA-
1oB. MbI cTapaemcst ObITh MPEIEIbHO OCTOPOXKHBIMEU B BBIOOpPE CJIOB, JleJiasi BCE
BO3MOXKHOE, 9TOOBI IIPOBECTU YETKOE PA3rPAHUYIEHUE MEXKJIy OIPEIEIEHUSIMU,
MIOCTYJIATAMA ¥ PE3yJIbTATAMHU SKCIepUMEHTOB. MbI JesaeM Takke pa3indne
MeK/ly OIMCAaHUEM U O0bsCHeHHeM (DeHOMEHA C IEIbI0 IPOUJLIIOCTPUPOBATH
9eJIOBEYECKHE U COIMOJIOTUYIECKIE ACIEKTHI, KOTOPbIE IIOJYYHIN OTParKEHUE B
dbopmymupoBKe dbu3ntTecknx 3aKOHOB. MBI He clie/lyeM XPOHOJIOTUYIeCKO# Tocie-
J0BaTEIbHOCTU OTKPBITHIL. Tem He MeHee, BCIKUIA pa3, KOTIa 9TO BO3MOYXKHO, MBI
ONHUCHIBAEM KOHTEKCT, B KOTOPOM OBLIO OOHAPYKEHO KaXKJI0€ sIBJICHHE, & TAKXKe
OTMEYaeM yUIEHBIX, KOTOPbIE UM MPSIMO€e OTHOIIEHNE K OTKPBITHIO. [raBHbIe
HCTOPUYECKHE CIIPABKU, [IPEJICTABIEHHbBIE 3/1€Ch, OBLJIN B3ATHI U3 OPUTIMHAJIBHBIX
paboT, IUTUPYEMBIX B TEKCTe, & TAKJKe U3 3aMedaTelbHbIX KHUT Xeia6poHa.>
DTa KHUT'a HE CTAaBUT CBOEHl IEJIbI0 PACCMOTPEHHE PA3JIMYHBIX TEOPETUIECKUX
MOJIeJIei, TPEJJIOKEHHBIX PASHBIMU YIEHBIMU Ha [IPOTS2KEHUN BEKOB JJIsT 00'bsIC-
HEHUsI JIEKTPUIECKUX ABJICHUI; KHUTH XeiJIOpOHa SBJISIIOTCS OY€Hb XOPOIIIMM
UCTOYHUKOM J[JISI T€X, KTO MHTEPECYEeTCs MOJOOHBIMI ACIIEKTAMU PAa3BUTHUA HAY-
K1 00 3JIeKTPUIECTBE.

Yr006bI cOXpaHUTh 00'beM KHUTH B Pa3yMHBIX [IPEJIEJIaX, Mbl BBIOPAJIU HECKOJIb-
KO KOHKDETHBIX BOIIPOCOB, KOTOpbIE OyJyT 0OCYKIaThCs 10/ pobHO. B Oyiy-
el KHUre Mbl HAIEEMCS OCBETUTh IPYTU€ BaXKHBIE ACIEKTHI IJIEKTPUIECTBA,
MIPUIAEPKUBASICH TPUHATON 3/1eCh METOINKNA. TamM MBI OyaeM pas3dupaTh Takue
MaTePUAJIbI, KAK JIEKTPUYECKHe HCKDPBI U Pa3PsAJibl, MOIIHOCTA TOYEK, SJIEK-
TpUYecKuii Berep, aekTpodop Bosbra, Jleiinenckas 6anka, kiaerka Papaes,
[peii u coxpaHeHue JTEKTPUIECKUX 3aPAJIOB (I0JrOBEIHOCTD HAIIEKTPU3OBAH-
HOT'O COCTOSIHUSI T€JI, WJIM KAaK COXPAHUTH JIEKTPOIHEPTUIO B TEUCHUE JJTUTE b~
HOrO BpeMeHH ), 3akoH OMa, 9JIeKTPU3aIHsl [I0CPeJICTBOM KOHTAaKTa, / IIPOKATKU
/ paszesieHusl, TeHEPATOPhI 3apsijia, eMKOCTh W PaCIpe/ieIeHIe 3apsia MEXK Ly

lem. romaBy 3.
2[Hei79], [Hei82] u [Hei99)].
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IIPOBOJIHUKAMH, aTMOChEPHOE JIeKTpudecTBO, Gburyps Jluxrendepra u T.1.

B knure mokazamo, yro MuHOTrHME (hyHIAMEHTAIbHBIE BOIPOCH HAYKH MOTYT
OBITH U3YUEHBI C IIOMOIIBIO IKCIIEPUMEHTOB, BHIIIOJIHEHHBIX C IPUMEHEHUEM OYEHb
[IPOCTBIX MATEPUAJIOB, KOTOPBIE OJIHAKO UMEIOT OOJIBIIIOE HCTOPUIECKOE UJIA KOH-
[EenTyaJbHOe 3HaUeHne. Takke MOKA3aHO, YTO MHOTHE BEJIUKUE yIEHbIE B UCTO-
pun HayKu 00 JIEKTPUIECTBE UMEJIH JEJI0 C sIBJIEHUSIMUA, KOTOPhIE B HACTOSIIEE
BpeMs KayKyTCs O9€Hb IIPOCTHIMU U TPUBHUAJbHBIME, HO, TEM HE MEHEe, BCE eIle
CKPBIBAIOT BECHbMa IIyOOKME TailHbI.

OTa KHUTra HAIUCAHA JJIS TperojaBareaeil u CTyjaeHToB (DU3NKU, MaTeMa-
TUKW, HAYKW U TEXHUKA. DTO HE KHHUra SKCIEPUMEHTOB st mereil. OHa MO-
2KeT OBITh MCII0JIb30BaHA B CPEJHUX IIKOJIAaX U YHUBEPCUTETAX B COOTBETCTBUU
C ypPOBHEM, Ha KOTOPOM JIAeTCsl aHAJIU3 KaXKJIOTO sIBJIEHUsI WU 3aKoHa. KHura
COJIEPKUT PA3JIUIHBIE 1T0 YPOBHIO YKCIIEPUMEHTABHBIE U TEOPETUIECKUE MaTe-
pUajbl, KOTOPbIe MOT'YT HAWTH IIPUMEHEHNE Ha TOM HJIM MHOM YDPOBHE 00y IeHUsI.
Kaxkprit yanresns MoxkeT BBIOPATH TOT WK HHOU MaTEPHAJL U aJAIITHPOBATE €0
B CBOell IIe1aroruvyeckoil npakTuke. KHura Takyke MOKeT ObITh HCIIOJb30BaHA B
Kypcax ucropun u pustocopun Hayku. OmpejiesleHHbIe YaCTH ITOH KHUTHA MOI'YT
OBITH MCIIOJIL30BAHBI JIaKe Ha, yPOBHE aCIUPAHTYPbBI WK JJIs BEIOOPA TEMBbI JJIst
MIPOBEJIEHUS MATbHENIINX HAYIHBIX UCCIIEIOBAHUIA.

Jlyammuit cocob ciie1oBaTh 3TOW KHUTE COCTOUT B BBIIOJHEHUN OOJIBITTIH-
CTBa 9KCIIEPUMEHTOB, OIMCAHHBIX 3/I€Ch, [0 XO/Iy YTEHWs, a HE IIPOCTO YNTATh
TekcT. IIpeanoaruTebHBIN MOIX0OM 3aKJII0YAETCS B IIOIBITKE ITOBTOPUTH, YCO-
BEpHIEHCTBOBATHL U USBMEHUTH TO, 9YTO IIpe/jlaracTcd 3/1eCh. XOTH (I)I/ISI/IK& nmMeer
MHOXKECTBO Pa3/IMIHBIX aCIeKTOB — (PUI0COPCKHE, TEOPETUIECKUE U MaTeMa-
TUYECKHe — OHa, [0 CyTH, IKCIEePUMEeHTa/bHasi HayKa. VIMEHHO codeTaHue Beex
9TUX ACIEKTOB U JEJAeT ITOT MPEIMET HACTOJIBKO YBJIEKATeIbHbIM. MbI Hase-
eMCsl, YTO YUTATEJb IOJYYUT TAKOE K€ y/IOBOJILCTBHUE IPU IIPOBEIEHUU ITUX
9KCIIEPUMEHTOB, KAKOe MBI IIOJIyYUJIN IIPU UX pa3paboTKe.

4 xoren OB MOJYYUTH OOPATHYIO CBA3b OT TEX YMTaTeseil, KOTOphble MbITa-
JIUCh BOCIIPOU3BECTU U PA3BUTHL OIIMCAaHHBbIE 3/I€Chb IKCIIEPpUMEHTBI, UJIN JdeJ1a/In
MONBITKY MPUMEHUTh UX B CBOMX IIIKOJIaX W YHUBepcureTax. f cam ¢ GOJIbIIM
VIIOBOJIbCTBUEM U3y4aJ Obl pusuky Takum criocobom. To ecTb, BMECTO TOTO 9ITO-
OBl BBIYIUTH HECKOJBKO (POPMYJT HAU3YCTh W HPOBOIUTH OOJIBIIYIO 9aCThb CBO-
€ro BPEMEHHU pelllasi MaTeMaTHIeCKnue YIPaKHeHus, s Obl Ipearnoves u3ydarb
bU3KKy Tak, KaK MOKa3aHO 3/1eCh, UMes BO3MOXKHOCTH CTPOUTH MHCTPYMEHTHI
¥ BBINOJIHATD Pa3JIMYHble JKCIEPUMEHTHI, U3ydasl Ha IPAKTHKE, KaK BasKHbBIE
sIBJIeHUs] OBLIN BIIEPBbIe OOHAPYKEHBI U MHTEPIPETUPOBAHBI, U BOCIPOM3BOIS
CAMOCTOSITEJILHO OOJIBINMMHCTBO U3 3TUX ID@PEKTOB C MOMOIIBIO IPOCTHIX U 0~
CTYIHBIX MAaTepuajoB. Bputo OB TaKXKe OYeHb WHTEPECHO U3YUIUTH PA3IUIHDBIE
MOJIEJIA U TEOPETUIeCKUe KOHIENITUH JJIsI TOT'0, YTOObI OObSICHUTD ITH SBJICHUS.
DTa KHHUTA sIBJIIETCSI HAIIUM BKJIAJIOM B YJIydYIlIeHHE KadecTBa, IIPeroaBaHusl
bUBUKY, aHAJIOTMYIHO TOMY, KaK MbI 3TO CJeJIaJi C IMOHSITHEM IeHTPa TsXKe-
CTH ¥ 3aKOHa pbruara.® Takum o6pa3oM, MBI HaJeeMcs, IT0 HayKa MOXKET OBITh
[IPEJICTABJICHA B TAKOI ocs3aeMoit hopme, OOraToit HCTOPUIECKUM KOHTEKCTOM,

3[Ass08a] u [Ass0O8b].
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KOTOpasi CTUMYJIMPOBaJia ObI TBOPYECTBO U KPUTHIECKOE MBINIJICHHE CTY/IEHTOB.

4 6b11 OB cyacTIUB, ecu ObI 3Ta KHUTA ObLIIA IIePEBEJIEHA Ha JPYTUe SI3bIKH.
Bruto 661 370p0BO, eciin Obl yunTe isi GU3NKA OOPATUIN BHAUMaHUE CBOUX KOJI-
JIET U CTYJIEHTOB Ha 3TOT MaTepuas. ¥ TakyKe HAJEIOCh, UYTO Ta KHATA CTAHET
MOTHUBHUBAIMEH JJIs APYTUX HOIIBITATHCS CIIEJATh YTO-TO HMOJO00HOE U B APYTUX
00J1aCTSIX HAYKU, C UCIOJIB30BAHIEM SKCIIEPUMEHTOB, BBITIOJTHEHHDBIX U3 JIOCTYII-
HBIX MATEPHUAJIOB, HAPSLY C IIPEJIOCTABICHIEM HCTOPHIECKOi nHdopmMarmm, oT-
HOCSIIEHCsT K TOI 00JIacTh HAyKH.

ITeper mpoBeieHrEM STUX IKCIIEPUMEHTOB CJIeIyeT OOPATUTH BHUMAHUE UH-
TaTessi HA HECKOJIbKO BaXKHBIX MOMEHTOB. Kak MmpaBmiio, SKCIepUMEHTHI pabo-
TAIOT JIydIlle BCEro MPU MPOBEJICHUN UX B XOJOMHYIO U CYyXYyIO moromay. B xkapkue
¥ BJIAXKHBIE JIHH, WJIA KOTJIA HJET JIOXK]Ib, MHOTHE OIUCAHHBIE 371eCh 3 dheK-
ThI MOT'YT BOOOIIE He HADJIIOIAThCs, WU SBJIEHUS MOI'YT MMETh TaKyl HU3KYIO
WHTEHCUBHOCTh, YTO UX TPYIHO HADJIONATH. B psijie ciiydaeB MbI MOJIb3yeMCsl
TaKuMU OOIMMMHU HA3BAHUSMHU BEIECTB KaK ILIACTMACCA, CTEKJIO, JIEPEBO WU
pesuna. Ho ciemgyer moMHUTE, 9TO HA CAMOM JleJjie CyIIeCTBYyeT MHOTO PA3HOBH/I-
HOCTEH IJIACTMACCHI, CTEKJIa, JIepeBa, Pe3nHbI UJIH JIOOOr0 JIpYTOro BEIeCcTBA.
DTU Pa3sHOBUIHOCTH OJHOIO M TOT'O K€ BEIeCTBa OTJIMYAIOTCS 110 CBOEH Ipu-
po/jie BBHJIY Pa3/IMYHOIO WX COCTaBa, IIPOIECCa U3TOTOBJIEHUsI, BO3pAcTa U T.]I.
Takum 06pa3oM, Kormga KOHKPETHBIH 3(hPeKT He HADII0IaeTCsI C OMPeIeICHHBIM
BEIEeCTBOM (C KOHKPETHBIM THIIOM ILIACTHKA, HAIIPUMED ), CJIAyeT onpoboBaTh
TOT K€ CaMbIil IKCIIEPUMEHT C JPYTOil PA3HOBUIHOCTHIO TOIO YK€ BEMECTBA.

HuraTsl B3ATH 13 OPUTUHAJIBHBIX PAOOT MJIN U3 U3BECTHBIX MIEPEBOJIOB ITUX
paboT Ha aHIVIMIICKUIL; B IIPOTUBHOM CJIydae IUTAThI ObLIU IepeBeieHbl HaMu. B
cepejiiHe HEKOTOPBIX IIUTAT MbI JIA€M HAIIW TTOSICHEHUsI B KBaIPATHBIX CKOOKAX,
C TIEJIBIO CIIEJIATh CMBICJI HEKOTOPBIX IPEIJIOXKEHMIT D0ojiee TPO3PaTHBIM.
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I'1aBa 2

DJleKTpu3alusg 3a cUeT
TPEeHUsd

2.1 HagaJjo ncciemoBaHus 3JIEKTPUYIECTBA
OkcrniepuMeHT 2.1

B nepBom 9KCIIepEMEHTE MBI HAPE3aeM HECKOJIBKO MAJICHbKIX KyCOYKOB Oy-
Mard ¥ KJIaJeM ux Ha ¢Tos. Mpl 6epeM IUIACTHKOBYIO COJIOMKY U IIOJHOCHM €€
6iM3KO K Kycoukam OyMmaru, crapasich He IpUKacaTbesi K Oymare. Hudero He
npoucxogut ¢ 6ymaxkkamu (Puc. 2.1).

(@) (b)

Puc. 2.1: (a) IlmactukoBasi coJOMKa HAXOJWUTCSI JAJEKO OT KyCOYKOB GyMaru.
(b) Korza miacTukoBasi COJIOMKa MOJHOCATCS K KyCOYKaM OyMaru, OHU HUKaK
He pearupylor.

Temepb MBI TPEM COJIOMKY O BOJIOCHI WX JIUCT OyMaru, mepemerras ee ObICT-
po BBepx u BHu3. MbI 0603HaTaeM HATEPTYIO 00J1aCcTh cooMKu OykBoit F', oT
(amrmmiickoro) ciosa mpenue (Puc. 2.2).

3aTeM MBI MOJHOCHM HATEPTYIO COJIOMKY K MAaJeHbKUM KyCOYKaM Oymaru
odYeHb OJIM3KO, HO, KAK U PaHbIle, He Kacasch uX. Mbl BHIUM, 9TO Ha OIpejie-
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>
)

(a) (b)

Puc. 2.2: (a) IlnacrukoBast cooMka, HaTepTasi 6ymaroii. (b) Byksoit F' 0603Ha-
YeHa HATEPTas 00JACTH COJOMKH.

JIEHHOM PACCTOSIHUU OHU MPBITAI0T K HATEPTON COJIOMKE W IIPUWJIAIMAIOT K Heil
(Puc. 2.3). Ilo Mepe yhajieHusi COJIOMKH OT CTOJIA, KYCOUYKH OyMaru OCTAIOTCS
Ha COJIOMKE.

(a) (b)

Puc. 2.3: (a) Harepras cosoMKa HAXOAUTCA JAJEKO OT MEJIKUX KYCKOB OyMmary.
(b) Hareprast comoMKa MpUTATHBaeT OyMaykKKN Ha OJIM3KOM PACCTOSTHUN.

He Bce Oymaxkku ocraiorcs Ha HaTepTOil cojoMke. HekoTophie u3 HUX, KOC-
HYBIIIACh COJIOMKH, IamaroT obparHo. Ipyrme orcrpesnmBaiorcss K croiy. Mbr
Oyaem 0bCyX)KIaTh 3TO moJpodHee B pasnesax 4.4 u 4.8.

AHaJIOrn4YHbIA 3KCIEPUMEHT MOXKHO IIPOBECTHU C ILIACTUKOBON PYUKOi, ILIa-
CTUKOBOH JTUHEHKOHN MM TJIACTUKOBOIT pacdeckoit. Bo n3bexkanne CI0KHBIX SIB-
JIEHUI WJTM HEOXKUJIAHHBIX PE3yJIbTaTOB, 3TU IPEIMEThI JOJIXKHBI ObITH CIeJIaHbI
TOJIBKO U3 IJIACTUKA, 0e3 MeTaJUIMIeCKuX u Apyrux dacreit. Kycku Oymaru He
pearupyoT Ha IPUOIMKAIOIIMIICS IPEIMET, eCJIi OH He ObLI IpPeIBapPUTEIbHO
[IO/IBEPTHYT TPEHUIO. Ternepb Tpem JH000# M3 9TUX IPEIMETOB O BOJIOCHI HJIU
Jimct Oymaru. 3aTeM Mbl HOJHOCHM HATEPTHIA IUIACTUK OJIM3KO K OyMaskKKaM,
He Kacasicb ux. OHM CHOBa NPUTATUBAIOTCS K IUIACTUKY W OCTAIOTCA Ha HEM.
Kaxkiprit MoxkeT HalTH MMOJXOJSAIINI TIJIACTUKOBBIM MaTepuaJ, KOTOPBIi 1mocje
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TpeHust OyJIET JIETKO IIPUTIATHBATH MeJIKHe KycKu OyMaru. OOBITHO MBI TOBOPUM
O COJIOMKe, HO MOKHO TaKzKe HCIIOJIb30BaTh JIMHENKY WJIN PACUecKy, B 3aBUCH-
MOCTH OT TOI'O, YTO UMEETCsI I0J, PyKOI M UTO CO31aeT Hanbo binii 3hdeKT.

Onpepenenne: OOLIYHO MBI TOBOPUM, YTO HEHATEPTHIN ILIACTUK, KOTOPBIi
HE IPUBJIEKAET MEJIKUE KyCKH OyMaru, AeKmpuvecky Hetumpaner I, IPOCTo,
netimpasen. Eciin oH HaTepT, Mbl OBOPUM, YTO ILIACTHK Npuobpes ssexmpu-
yeckull 3apsa0d, CTal ANEKMPUSOBAHHIM, IAEKMPUNECKY 3APANCEH WU, TIPOCTO,
3apAsCceH. DTOT IPOIECC HAZBIBAETCS MO-PA3HOMY: Npoudsodcmeo 3apada mpe-
HUeM, NPou3sodcmeo 3apada HAMUPaGHUEM, MPubossekmpuveckuti spdexm nim
anexmpusayus mpenuem. CaMo NPUTSKEHUE HHOLA HA3LIBAIOT AAEKMPUUE-
CKUM NPUMAHCEHUEM UTA IACKMPOCTNAMUYECKUM NPUMAHCEHUEM.

1J1st IPOBEIEHUsI MHOTUX SKCIEPUMEHTOB B 3TOI KHUI'E MbI Oy1eM 00palnaTh-
Cd K TpeHI/IIO ]\le)}(ﬂy IIJITACTMACCOBBIM T€JIOM 1 BOJIOCaMN (I/IJ'H/I I\/Ie)K,lly IIJITACTUKOM
U JIUCTOM OyMAaru, Wi MKy IJIACTUKOM U TKaHbIO). Jljig Hanbosiee yCremnoro
MPOBEJICHNUS ITUX IKCIEPUMEHTOB, PEKOMEHIyeTCsl 00EPHYThH MIJIACTUKOBOE TEJIO
B OTIEJbHBIA KyCOK OyMaru U Jep:KaTb €ro KPEmKO B PyKaX. 3aTeéM MbI Ha-
YUHAEM JIBUTaTh TEJ0 U Oymary ObICTPO B IIPOTUBOIIOJIOXKHBIX HAIIPABJIEHHUX,
HpUzKUMast uX JpyT K apyry. Kax mpaBuio, Jiydiie moJib30BaThCsl IIPU ITOM O/I-
HOHAIIPABJICHHBIM JIBUKEHUEM BMECTO BO3BPATHO-TIOCTYIIATEIBHOIO JIBUYKEHIUS.
Hanpumep, BbI MOXKeTe JBUraTh IJIACTUK B HAIPABJIEHUHU K cebe, a Oymary oT
cebst. MOXKHO MOBTOPUTH 3TY IPOLEAYPY HECKOJILKO pa3, IPeXKe UeM IIepexo-
IUTh K IIPOBEIEHUIO IKCIEPUMEHTa — 3TO ycuauBaeT 3P@eKThl, KOTOPbIE MbI
HabIomaeM. BpeMst OT BpeMeHr MOYKHO MEHSITh MaTepuaJsbl U HADJI0IaTh, KaK
MeHgeTcs 3h@dEKT B 3aBUCUMOCTH OT HCIOJb3yeMbIX MaTepuaJjoB. [IpaxTuka
MMOKAYKET, KAKNE MMEHHO MATEPUAJIBI U TIPOIEYPhI MOIXOST JIyUIlle BCETrO JJIsk
YCIIEITHOTO [IPOBEJICHUST IKCIEPUMEHTA.

2.2 dAdurapubrii adpdekT

Mmorue n3 HAC IPOBEIN TAKON IKCIEPUMEHT OyIydu erne PeOeHKOM WM IO
poctroM. VIMeHHO ¢ 0I00HOTO IKCIIEPUMEHTA U POIUIACH BCs HAyKa 00 3JIeK-
tpuuectse! Tak, 10 kpaiineit mepe yxke Ilnarony (ok 428—348 10 H.3.) GbLIO
MU3BECTHO, YTO HATEPTHIN SAHTAPD HPUTATUBACT JIETKUE IPEIMETHI, PACIIOIOXKEH-
Hble psjioM ¢ HuM. CaMoe paHHee yIOMUHAHUE 00 9TOM SIBJIEHUN, KOTOPOE NHOT/IA
HAa3BIBAIOT AHMAPHBIM IPPeKmom, MbI HAXOIUM B TpakTare-mauasore ILiarona,
Tumeti:*

HasaiiTe erme pa3 pacCMOTPUM sIBJICHUE IBIXAHUS U CIIPOCHM, KaKue
MMEHHO IIPUYMHBI JeJIal0T €r0 TaKUM, KaKuM OHO ecTb. OHU 3aKJIio-
qaioTCsd B CIIeytonieM: — Bujis, 9To He CyIecTByeT TaKoil Belu Kak
BaKyyM, KOTOPBI MOI' OBITh OKKYIIUPOBAH JIOOON U3 JIBUXKYIIUXCS
Bellell, a BbIJIOX OCYIIECTBJSIETCS B OKPYZKAIOMINAN BO3JyX, OTCIO/IA
OYEeBUIHO CJIEAyeT, IYTO OH He MOCTYIAaeT B IIYCTOE ITPOCTPAHCTBO, a

1[Pla52b, Sections 79 to 80, cTp. 470—471].
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BBITECHAET CBOEI'0 COCeJia U3 CBOEr0 MecCTa, a TO, YTO BbITECHHAETCH
B CBOIO O4Y€pE/Ib, BBITECHSET CBOIO COCEIKY; M, TAKMM 00Pa30M, BCE
Hen36eKHO HAKOHEI[ BO3BPAIAETCsS K TOMY MECTY, OTKY/Ia JIbIXaHIe
HA4YaJIOCh, ¥ BXOJIUT TYJla, U IIOCJIE JIbIXaHUs, 3aIll0JIHIET IIyCTOe Me-
CTO; M 9TO IOBTOPSIETCS KaK BpAIleHre Kojieca, H00 He MOXKeT ObITh
Takoii Bermu Kak BakyyM. [...| Kpome Toro, uro kacaercs motoka Bo-
JIBI, y/Iapa MOJIHUU U UyJleC IPHUTSKEHUsI, KOTOPbIEe Mbl HAOJIIOIaeM
C SIHTapeM U T'epPaKJICKUMHU KaMHSIMHU, — HU B OJTHOM U3 ITHUX CJIyda-
€B MBI HE IMEeM IIPUTsIKEHUsT KAK TAKOBOI'0; MO0 TOT, KTO IIPOBEIET
TIIATEIbHBIE UCCIEI0BAHNS, OOHAPYKUT, 9TO TAKUE 3aMEUATETHHBIE
sIBJICHUS] BBI3BAHBI KOMOWHAIIMEH OMpPEIEIEHHBIX YCJIOBANR — OTCYT-
CTBUEM BaKyyMa, (DaKT COCTOUT B TOM, UYTO OOBEKTHI TOJKAIOT JIPYT
Jpyra U OHU MEHSIOTCS MeCTaMU, KazKJ/IbIil TIEPEX0/IsI B COOTBETCTBY-
FOIIee eMy ITOJIOYKEHHE 10 MepPe TOr0, KAK ITH OObEKThI COEIUHSIIOTCS
U Pa3beIUHAIOTC.

Kak mbI yOenumnch, TaKOBa MIPUPO/IA M TAKOBBI IPUYNAHDI JIHIXAHIS
— IpeJMeT, C KOTOpOIr'o HadaJlach 3Ta JIUCKYCCHU.

OH He yroOMHUHAeT, KTO UMEHHO OTKPBLI 3TOT (hakKT, HO Cyls IO ero Oer-
JIOMY OIMCAHWIO, STHTAPHBIN 3 deKT Obl1 u3BecTeH ero unrareisMm. OH BUIAT
CBA3b MEXKIy sitHTapHbIM 3 derTom u 3ddexkrom Kamus [epakira, T.e. TpUPoOI-
HOro MaruuTa. [laToH oTBepraer Mie CyIIeCTBOBAHUSI PEATBHOTO MPUTSZKE-
HUsI MEXKJIy HATEPTHIM sSTHTapeM U JierKuMu o0bekTaMu BOJIM3M Hero. Bee aTn
sIBJIEHHsT OO'bSICHSIFOTCSI TEMU 2Ke IIPUHIUIIAMU, YTO U JIbIXaHUe, a UMEHHO, HEBO3-
MOXKHOCTBIO BaKyyMa B IPUPOJIE.

SHuTaph 9TO TBEP/BI TPO3PAYHBIN TOJIUMEDP OT YKEJITOBATOTO JI0 KOPUIHEBA-
TOTO TBeTa,? KOTOPBI MHOTJIA MCIOJIb3yeTcsl B KA9eCTBe I0BETMPHOrO U3/IeIH.
C 19-ro Beka OBbLIO M3BECTHO, YTO SIHTAPD SIBJISIETCS CMOJION MCKOIIAEMBIX COC-
HOBLIX J€PEBbEB, KOTOPEIE YMEP/IH, BO3MOYKHO, MHOTHE MUJUIHOHEI JeT Ha3aI.>
Ectb Mmarasunsl, r/ie IpoJaoT SHTAPD C OKAMEHEJIBIMA HACEKOMBIME BHY TPH HUX
— MypaBbH, Oj0xu wau mayku, Hanpumep. Ha Puc. 2.4 BBl BuauTe gBa KyckKa
STHTAPSI.

Puc. 2.4: Kyckn saTaps.

2Cwm. Ipunoxkenne A.
3[RR53].
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Apucrorens (384—322 10 H. 3.), B cBoeil pabore Memeopoaozus, IPUBOIUT
JIOKA3aTeIbCTBA TOTO, UTO AHTAPh CIIEPBa BO3HUKAET B KUIKOH (bopMe, a 3aTeM

3aTBepeBaeT:

3aTBep/eBle OT X0JI0Ja Tejla COCTOAT U3 BOJLI, HAIPUMEp, Jel,
CHeT, rpaJl, uHeil. |...] Bee Tesa, n3 KOTOPBIX Bes BJIara yuura, OTHO-
cATCS K 3eMJIe, KAK MOHYapHbIe m3jieus uin sarapb. ([lockoabky
KaK SHTaph, TAK U TeJIa, U3BECTHBIE KaK ,,ClIe3bl, GOpMUPYIOTCS IpH
OXJIazKJICHUU, KaK MHppa, JaJaH, KaMelb. KarxkeTcs sSHTapb TOXKe
OTHOCUTCS K 3TOMY KJaccy Bellleii: 3aMypOBaHHLIE B HeM OpraHH3-
MBI JIOKa3bIBAIOT, YTO OH (pOpMHUpYyeTcs B pe3yibTaTe 3aTBep/leBa-
nust. Tellio BLITeCHsIETCA U3 Hero X0JI0J0M PEeKH U Bilara UCIapseTcs
BMecCTe ¢ TeIJIOM, KaK U B CJIydae ¢ MeJIOM, KOTJa ero HarpeBaloT 1
[OIPY¥KAIOT B BOJLY. )

[To MHEHUIO HEKOTOPBIX COBPEMEHHBIX ABTOPOB, IKCIIEPUMEHT C STHTapeM ObLI
nposesieH Brepsbie Pajecom n3 Mustera, KupmuMm mpuMepHo ¢ 625 no 546 t.
710 H.3. [l1aToH HasbiBaeT ero mepBbIM U3 cemu Myjpernos JIpesreit I'peruu B
ceoem jmasnore IIpomazop.” Ho oH He IIPUIUCHIBAET €My OTKPBLITHE SHTAPHOTO
addexra. Pasec, M0 MHEHUIO APUCTOTEST U HECKOJBKUX JIPEBHUX THCATEJEH,
OBLT TEPBLIM €CTECTBONCITBITATEIEM, MJIH TIEPBBIM (pu3ukoM. B cBoeit kunure Me-
magusura (A 3, 983 b 6), Apucroremns Tax macas o nem (Kypcus nar):°

13 nepsbix dpumocodos, Torma, GOJBITHHCTBO CIUTAJIO, ITO TPWHITH-
IbI, KOTOPBIE OTHOCUJIACH K TIPUPO/Ie MATEPUH OBIIN € TUHCTBEHHBIMI
[IPUHIIMIIBL BCErO CyIero. 10, u3 4ero Bce Belu COCTOAT, U3 Yero OHU
[IPOM3OIILIM, B TO OHM B KOHEYHOM HTOI€ BO3BPAINAIOTCS (BEIIECTBO
He MCUe3aeT, a TOJIbKO MEHsieT CBOIO (hOPMY ), ITO MOJI SIBJISETCS OC-
HOBOW ¥ TIPUHIUIIOM BEIlel, U, CJIeOBATEIbHO, OHU JyMAOT, UTO
HUYTO HE CO3/AeTCS W HEe YHUITOXKAETCs, TaK Kak IMOJ00HOTO Poja
CYIITHOCTh BCET/Ia COXPaHseTcs, Kak Mbl roBopum: Cokpar He obpe-
TaeT ObITHE, KOIJa OH IIOSABJISIETCH B KPACHBOW MJIM MY3bIKaJbHOMN
dopmMme, HU TepecTaeT ObITh, KOTJa OH TePsieT 9TU XapaKTePUCTUKH,
moromy 4to cyberpar, cam Cokpar, ocraercs. TOYHO Tak Ke OHHU
TOBOPSIT, YTO HUYErO He MPUXOAUT U3 HUYEro, U HUITO HE UCUe3a-
er Geccite1HO; MO0 MOJIKHA OBITH HEKOTOPasi CYIIHOCTb — OJHA WJIN
6oJiee — U3 KOTOPOil BCe OCTajIbHBIE BEIM IPUXOIST, KOTOPasi caMa
COXPAHSIETCs.

TeM He MeHee, OHU PACXOJATCSI B OTHOIIEHUN KOJUIECTBA U Xapak-
Tepa 9TUX NMPUHIUIOB. Pajec, 0cHO8aAMEND 3M020 6Uda PusoCoPUL,
CYMTAET BOJAY OCHOBOH Bcero (M 10 9TOi IpUYMHE OH 3asBUJI, YTO
3eMJIS JIEPKUTCA HA BOJIE), 3TO BO33PEHUE, [I0-BUIUMOMY, BOSHUKJIO
u3 HaOJIIO/IEHNUsI, YTO BJIara siBJISETCs MMUTATEbHON Cpesioil Beero

4[Ari52b, crp. 492|.
5[Pla52a, ctp. 54—55].
6[Ari52a, Kuura 1, Tmasa 3, crp. 501—502].
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CYyIIIEro, ¥ 4TO CaMO TeIuIo (POPMUPYETCsl U3 BJIATH U HOIJEPKUBA-
ercs e (M TO, U3 Yero OHU IIPUXOJST, JOJXKHO JieXKaTh B OCHOBE
Beex Bemieil). OH BbIBEJI CBOE IIPEJCTABJICHHAE U3 3TOrO (hakTa u u3
TOro pakTa, 9TO CeMEHa BCEX BEIeil MMEIOT BJIAXKHYIO IIPUPOLY, U
9TO BOJIA SABJISIETCS MCTOYHUKOM IPUPOIBI BIAXKHBIX BeTIEl.

Ojnako uHu o n3 pabor Pasieca we jormen ;10 Hac. IIponcxoxkgenne Beex
COBPEMEHHbBIX yTBep:KIeHul, cBsa3bBatommx Pajieca ¢ IKCIEPUMEHTOM C STHTA-
peM, ocHOBaHBI Ha TpyHax Jlworena JIaspTCKOro, KOTOPBI KU TPUMEPHO B
TpeTheM BeKe Harleil 3pbl u ObL1 6uorpadom rpedeckux dusocodon. Camast
BaXKHast ero pabora Ha3bIBaeTCs XKusnv anamerumoir gurocogos, B 10 romax.
On ckazan ciemnyromee o Dasece:”

[...] On 6bwr mepBBIM, KTO HA3BAJ IOCAEIHUN JIEHb MECSNA TPHI-
IATBIM, U IIePBbIM, KaK yTBEePXKJAI0T HEKOTOpble, KTO IPUCTYIINI K
00CYKIEHUIO BOIIPOCOB, CBA3AHHBIX CO 3/I0POBLEM.

Apucroresns n I'unmmit yTBep:KIAI0T, 9TO, CCHUIASICH HA MATHUT U
SHTaPb, OH IIPUIUCHIBAJ JIYIIY UJIU KU3Hb JIaXKe HEOYIIEBJIEHHBIM
IpeJIMETaM ..

EcTb 1pyToii mepesos1 3Toro orpeisKa:® ,, Apucroress n ['unmmit roBopaT, UTo,
Cy/Jid IO IIOBEJEHUIO MAarHUTA U AHTapPs, OH TaKyKe IIPUIIMCHIBAJ Ayl 0e3:Ku3-
HEHHBIM TIpeJiMeTaM.

OOBITHO YIIy OTHOCAT K UEMY-TO KUBOMY WJIA TOMY, 9TO MOYKET II€peMe-
MATHCS 0 CBOel Bosie. VIHOrma AyIry MPUIINCHIBAIOT TAKYKe K TOMY, 9TO MOYXKET
pacTu, Kak 4eJIOBEK, PACTEHHe WU >KUBOTHOE. VIMEHHO MX CYHTAIOT >KUBBIMHU
WK OJyIIE€BJIEHHBIMU TejiaMu. HexkuBble Tejia, mwim Teja 6e3 IyIm, 3T0 Te 00b-
€KThI, KOTOPbIE He HAJEJIeHbl KU3HBIO. XOTsI MarHUTHI U STHTaph HE PaCTyT, U
HE MOTYT JBUTATHCsI CAMM IO cebe, OHU 00JIaIaf0T CIOCOOHOCTHIO MIPUBOIUTH B
JnBrKeHue 6imu3siexanye 00beKThl (MArHUT IPUBJIEKAET XKeJIe30 MJIU [IPUTITHU-
BAETCsl JKEJIe30M, a TePTHIl dHTaph HpuTdruBaer Makuny). Pajec, BO3MOXKHO,
[PUITACHIBAJ JIYIITYy MArHUTY U STHTApO OJiarojapsi UMEHHO 3THM CBOHCTBAM.

Hecmotpa na stu 3asgBinenusa norena Jlasprckoro, comauresnsno, yro Pa-
J1ec GBLT JIeHCTBUTEILHO MEePBLIM, KTO IIPOBEJI SHTApHbI sKkcnepuMent.’ Bosee
[IO3/IHIE ABTOPBI CINTAIOT €0 MHUIIMATOPOM MHOI'HX Beleil B (pusnke u MaTemMa-
THKe, YTO CTABUT I10J] COMHEHNE PEAJIbHOCTh BCEX ITUX JOocTrKeHuit. Uro Kaca-
€TCsl BBINIEYKA3aHHOI'O yTBEPK/I€HNUsI, TPY/HO MOATBEPIUTh UCTOYHUKY JlaspT-
ckoro. Countenus ['unnust ve jmouun j1o Hac. Iro Kacaercst ApUCTOTENs, B €r0
COXPAHUBINMUXCS pabOTax HET YKA3aHWil HA TO, YTO OH IPUIUCHIBAJ SHTAPHBII
addexr Pasecy. B croeit pabore O dywe, Apucrorens ormerus, aro Pasec
HMPUIINCHIBAJ YTy TOJIBKO MArHUTY, IOCKOJIBKY OH MOXKET IIPUBOJUTDH B JIBH2Ke-

HIUe YKeJIe30, HO He YIIOMUHAET SHTapHbI 3bdeKT sBHO: Y

7|Lae91, crp. 25].

8[The56, cTp. 117].

9[The56, crp. 117—118] u [RR53].
10[Ari52c, A 2, pazaen 405, cTp. 634].
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QPajec TOXKE, Cy/Id IO TOMY, 9TO HAMMCAHO O HEM, KaXKeTCs, CANTAJ
JIYTTy JIBUKYTIENR CUJION, TTOCKOJIBKY OH CKa3aJl, YTO MAarHUT UMEET
JIyIIy, TIOTOMY YTO OH IPUBOJUT B JIBUKEHHE KeJIe30.

Apxeonorndeckne pacKOmKM MOKA3AJIU, UTO IHTAPb ObLJ U3BECTEH 38 MHOT'O
BekoB J10 Ilnarona n naxke Paseca.!! Ero ucrosb3oBaiu B IPON3BOJICTBE I0BE-
JINPHBIX W3JIEJIN U OpHAMeHTa. BIIOJIHEe BEPOSTHO, UTO MHOTHE JIIOJU, KOTOPHIE
paboTraju ¢ ssHTapeM, TOProBaJu UM, WU IIPOCTO 00pabaThiBaIn ero, HabJIio/1a-
JIW €ro IIPUBJIEKATE/IbHBIE CBOMCTBA 331010 10 DaJjieca, XOTsS HET MUCHMEHHBIX
CBU/JIETEJIBCTB B IOJIJIEPKKY ITOIl TUIIOTE3BI.

B sro6oMm citydae, JOCTOBEPHO M3BECTHO, UTO, IO KpaifHeil Mepe cO BpeMeH
IInatona, B 4-M Beke 70 HAIIEH 3PbI, SHTAPHBIH 3hMEKT OB U3BECTEH elie B
Ipesneii 'penuu. B napeBHOCTH, SIHTAph, BEPOSITHO, HATUPAJIH IIEPCTHIO, TKAHBIO
WA KOYXKell JeI0BeKa WM XKUBOTHOrO. Ul OBbLIO 3aMEY€HO, YTO OH IPUTSITUBAET
JIETKHUE TeJjia, TUIA JIETKUX [IE€PbEB, MAKWHBI, WU YE€JIOBEIECKOTO BOJIOCA.

2.3 MN3yuenune acpdeKkra npuTa>KeHnsi HATEePThIMUI
TeJIaMu

Y1066 TapaHTUPOBATE JOCTATOYHO XOPOIINH YPOBEHD JIEKTPUIECKON HERTPATH-
HOCTH B HAIIKMX ITOCJIEIYIONUX IKCIEPUMEHTAX, JIyUIlle UMEeTh XOTsl OblI JBE CO-
JIOMKH, WIA JBe IJIACTUKOBbIE JinHeiiku. OHa 3 HUX He JO0JI?KHA HUKOTIA [T0JI-
BepraTbCs TPEHU. ITO OyIeT Halla HefiTpaabHas cojoMKa. Jlpyras Oymer mo-
BEPraThbCs TPEHUIO OJMH UJIM HECKOJIBKO Pa3 B X0Je dKcrepuMeHToB. Jlaxke ecian
9Ta BTOPas COJIOMKA OYEBUIHO YTPATHUIA CBOI IJIEKTPUUYECKUIT 3apsii B HPO-
MeXKYyTKe MeXK/Y JABYyMd IKCIIEpUMEHTaMU, €€ HeJIb3sd MCII0JIb30BaTh B KavdeCTBe
HEATPAJBbHON COJIOMKH, ITOTOMY UYTO OHA MOYKET COJEep:KaTh HEKOTOPBIA OCTa-
TOYHBIN 3JIeKTpudecKuii 3aps. morma mpocto 06paboTKa COTOMKH, WIN TayKe
yaajeHne TN, KOTOPasd HAKOIMJIACH HA €e MOBEPXHOCTH, MOXKHO 3apsInTh
cosiomKky. Ilo 3roit npuanne KpuTeprueM HERTPATLHOCTU COJIOMKH JIOJI?KHO OBITh
[IOJTHOE OTCYTCTBUE IPUTSKEHU JIETKUAX IIPEJIMETOB, HAXOSAIIIXCS PSIJIOM C Hell.

OkcnepumeHt 2.2

IIoBTOpMM 3KCHIEpUMeHT 2.1 ¢ TpeHneM ILUIACTHKOBON COJIOMKH O JPYTHE Te-
Jla, TaKre KakK JINCT OyMmaru, KoXKa, TKaHb WJIM IOJUAITHIEHOBLIH naker. [Ipu
[IO/THECEHUU HATEPTOI COJIOMKH K KyCOYKaM OyMaru MJju MSKHUHBI, Mbl MOYKEM
HabJIIO/IATh, YTO OHU TPUTATHBAIOTCS K COJIOMKE, KaK B 3Kcmepumente 2.1 ¢
TPEHUEM IIEPCTHIO, XOTsI MHTEHCUBHOCTD MIPUTSIKEHUS MO2KeT MeHAThes. [Lnact-
MaccoBast COJIOMKA, CUJIBHO 3JIEKTPU3YETCsI TP TPEHUH MIePCThIO, OyMaroit, uian
XJI0MIATOOYMAYKHON TKAHBIO. DJIEKTPU3ANUsT OOBITHO HE JIOCTUTAeT TAKOT'O BbI-
COKOI'0 YPOBHSI [P TPEHUU HOJUITUIIEHOBBIM TAKETOM.

11 [Gui05, crp. 59].
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2.4 Kakwe Teia IPUTIATUBAET HATEPTHI IJIACTUK ]
dkcnepumMmeHT 2.3

B sToM pasziesie MBI monbITaeMcst OTBETUTH Ha cJie ryontuii Bopoc: Kakue re-
Jia TIPUTSATUBAET HATepThIil mactuk? Bonpockl Tuma ,ecTh Jin OTTAJIKUBaHIE !,
»ECTb JIU JIefiICTBHE W IIPOTUBOJIENHCTBIE?", [ CKOJBKO THUIIOB 3apsijia HAOJII0IaeT-
cst B pupojie? U T.II. IPEJIoJIaraloT, KOHEYHO, COBDEMEHHBI yPOBEHb 3HAHUS.
Pannwe uccienoBaresnn 0OBIMHO He 33/1aBAJIH MOJOOHBIX BOIPOCOB; 10 KpaiiHeil
Mepe, He B TAKOM BHJIe. DTH BOIPOCHI OBLIN CKOpee Pe3yJIbTaTOM, a He MOTHBA-
nueit nx pabot. Kak 661 TO HE OBLTO, MBI CTABUM STH BOIIPOCHI 3/1€ChH JIJII TOTO,
9TOOBI IIPUBJIEYb BHUMAaHUE K OCHOBHBIM CBOMCTBAM 3JIEKTPUYECKOIO JTEHCTBUSI.

Tenepsb npoaHaIu3upyeM, KaKue BEINeCTBA IMPUBJIEKACT HATEPTHIN MJIACTHK
WJIM HATEPTHIN Kycouek siHTapst. TepeTh MOKHO 0 OyMary, mepcTh WK XJIOmda-
TOOYMarKHYI0 TKaHb. JIJIsT 9TOro MBI pa3MelaeM HECKOJbKO I'PYIII JIETKUX Be-
IECTB HA PA3HBIX YyYaCTKAX MMOBEPXHOCTHU CTOJIA. BermecTBa MOXKHO pa3IenTh
Ha MeJIKHe KyCOYKHU, Ha KOPOTKHE HUTH, WU U3MEJIBIUTh UX. BOT HEKOTOpbIE
MIPEJJIOXKEHNS: MIKHHA, TOHKME BOJIOKHA XJIONKA, HEOOJIBINE KYCOUKU IIOJIH-
STHIIeHa, HeGOJIbIINE KyCOUKH AJIOMUHUEBOH (onbru (Hampumep, oibru u3
0/, KOPOOKM CUTapeT WU KyXOHHOM (DOJIbIH), IIOPOIIOK MeJa, MyKH, JKeJie3-
HBIE OIWUJIKY, CTAJIbHBIE CTPY2KKH, MAJIEHbKIE IMAPUKHU U3 IEHOILIACTA, I1yXOBbIE
epbsi, BOJIOCHI, OMUJIKHU, Caxap, COJIb, HEOOJIbINNE KYCOYKN MTPOOKU U T.II.

Ciiejyer OMHUTH OJIHY BaXKHYIO BEIlhb [E€PEJ] MPOBEJIEHNUEM THUX IKCIIEPH-
MeHTOB. HarepThiit 00bEKT He MOKEH KACAThCS Pa3MEINIEHHBIX Ha CTOJIE Ky-
COYKOB BEIECTBAa — CJIEyeT JIUIIhb MMOJHECTH ero K HuM. Ecin Hareproe Tesio
KOCHETCsI 9TUX BEIECTB, OHU MOIYT MPUJIUIIHYTH K HEMY N3-3a HAJUIHUS BJIa-
U WIK JIPYTUX KJEHKUX MaTepPHAJIOB Ha IIOBEPXHOCTU HATEPTOrO 0ObEKTa, WU
Ha [IOBEPXHOCTH ITUX BEIECTB, a HE M3-38 3JIEKTPOCTATUIECKOI'O IMPUTIXKEHUS
MEeXK1y HUMHU.

Korma Mbl npubiimzkaeM HeRTPaJIbHBINA IJIACTHK K 9TUM BEIECTBAM, HUYEro
3aMETHOrO He Ipoucxoaut. Ilocie TpeHus miacTuka (WIu gHTaps) W MOJHECe-
HUS €ro K 9TUM BEIIeCTB, He KacasCh WX, Mbl, KaK IIPABUJIO, HAOJIIOAEeM, ITO
[IOYTU BCE OHU MPUTHATHUBAIOTCS K HATEPTOMY ILIACTHKY. 10 eCTh OHU Iepeme-
MIAIOTCS 110 HAITPABJIEHUIO K HATEPTOMY IJIACTUKY C XapaKTEPHBIM MPLIZKKOM.
ToJIbKO KyCOUKH IIJIACTHKA HE IPUTITUBAIOTCS, UJIA IPUTITUBAIOTCS OYEHb MAJIO
10 CPABHEHUIO C TEM, YTO MBI HAOJIIOAaeM 10 OTHOIIEHUIO K JPYTUM BEIECTBAM.

OkcriepuMeHT 2.4

AHaJIOTUYHBII KCIEPUMEHT MOYXKHO IPOBECTU C MPOBOJAMU WJIM HUTSIMU
U3 psiJia BEIEeCTB: IMIeNK, XJIONOK, TOoJudcTep, 2 Heitnon (MoJmaMus CHHTeTH-
YEeCKHIl), BOJIOCHL U MeJib. JlemeBble KATYIIKY U3 HUTEH [IEJKa, XJIOIKA, II0JIHU-
3cTepa U IOJIMAMU/Ia MOXKHO IPHOOPECTH B IIBEHHBIX Mara3uHax. B gacTHocTH,
MIEJIKOBAsI HUTH OYy/IeT MCIOJIH30BAThCS BO MHOTHX IKCIIEPUMEHTAX, TAK ITO NMe-
€T CMBICJI 3aITaCTUCh TIEJION KaTyIIKoi. UTo KacaeTcs Meiu, MOXKHO Pa3BEPHYTH

12Cwm. Tpunoxenue A.
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MHOTOYKUJIbHBIE TTPOBO/IA, KOTOPbIE MOXKHO TTPHOOPECTH B Mara3mHe 3JeKTPOTO-
BapoB. MHOTrOXKMIIBHBII IIPOBOJI CONEPKUT HECKOJIBKO TOHKHMX MEIHBIX IIPOBO-
Jioyek. B sTOM 3KCIepuMeHTe HAM MOTPEOyeTCsi TOJIBKO OJMH U3 9TUX TOHKUX
ME/IHBIX ITPOBOJIOYEK, HapPEe3aHHBIX HEOOJIBIIUMA KYCKaMU, KOTOPBIE MbI TAKXKe
OyeM HA3BIBATH HUTSIMHU.

Mpb1 HApe3aeM HECKOJIBKO KYCOYKOB 9THX HUTEH OIMHAKOBOM JJTMHBI, HATIPU-
Mep, 1 miu 2 cM. B o1HOM MecTe cToJIa MBI pa3MeIaeM KyCKH IIeJIKa, a B JIPYTOM
— KYCKHU W3 IOJIM3CTepa, W Tak jajee. Mbl [MOJHOCHM HEHTPaJIbHBINA ILJIACTUK
OJIM3KO K 9TUM BeIecTBaM, HO HUYero He HabJrrojaercsi. Mbl HaTUpaeM JIpyryio
COJIOMKY U TIOJHOCUM ee OJIM3KO K KaKJOi M3 STUX TPYII HATeH, HE KacasCh
ux. Mbl HAOIOMAaEM, 9TO XJIOMYIATOOYMAaXKHBIE U MEJHbIE HUTU CUJIHLHO MPUTS-
ruBaforcs. /Ipyrue BernecTsa He MPUTIATHBAIOTCS, UM IPUATITUBAIOTCS TOPA3I0
MEHbIIIe, YeM BOJIOKHA XJIOIKA WM KYCOYKHU MEJIH.

B manHOM ciryvuae MBI UMEEM HUTHU OJIMHAKOBOI JIJIMHBI, HO PA3HOTO BECA BBU-
Iy Pa3JIUYIHON IJIOTHOCTH W TOJIIUHBI 3TUX ITPOBOIOB. TeM He MeHee, HETPYIHO
BHUETD, 9TO XJIOMOK U MeJb 00pa3yioT boJjiee Ts2KesIble HUTH Ojiaromaps ux 0o-
Jiee BBICOKOI IIJIOTHOCTH, 8 WHOTJIAa 1 n3-3a ux OoJibineit Tosmuabl. Hecmorpst Ha
9TO, OHU IPUTATHBAIOTCS OOJIbIIE HATEPTHIM IIJIACTUKOM, HEXKeJn OoJiee JIerkue
BEIIEeCTBA.

JlJ1st BemmecTB, KOTOpble MMEIOT ITPUOJIN3UTE/IbHO OJMHAKOBBIA BEC, MbI BH-
UM Ha, TIPUMEPE STUX IKCIEPUMEHTOB, IYTO OOJIBITUHCTBO U3 HUX TPUTITHBACTCS
HATEPTHIM [JIACTUKOM, XOTsI HEKOTOPBIE U3 HUX MPUTSTUBAIOTCS TOPas3io 60Jib-
1re, 1eM Jpyrue. ToJbKO O9eHb HEMHOI'HE U3 HUX HE HCIBITHIBAIOT IPUTSIYKEHNUSI,
WJIM UCIBITHIBAIOT OYEHb CJIaD0e IIPUTS2KEHUE.

Okcnepumenr 2.5

MaTepecHblii 3KCIEPUMEHT JJIsl JEMOHCTPAINN IPUTIKEHN, OKA3bIBAEMOI0
HaTEPTHIM IJIACTUKOM Ha METaJLJIbl, UCIOJB3YET IIYCTYIO AJIFIOMUHUEBYIO OAHKY
U3 [0JI IMBA WJIK JIErKOro HamuTKa. OuH U3 5TuX OAHOK YKJIAJIbIBAIOT Ha IJIa/l-
KYIO IIOBEepXHOCTh. Ily1acTuKOBast HaTepTas COJIOMKA IIOJHOCUTCS K 9TOI OaHKe,
JepKa COJIOMKY TapaJuie/IbHO OaHKe Ha TOM YKe BBICOTE, UYTO U OCh CHMMETDPUU
banku. Korma cotoMKa HaxXoauTCst OY€Hb OJIU3KO K OaHKe, He Kacasch ee, ODaHKa,
HAYMHAET JIBUrATbCS 110 HalpaBjeHuio K cosioMke (Puc. 2.5). Mbr moxkem ja-
JKe 3aCTaBUTh OAHKY JIBUTATHCS BIIEPEJ] U HA3a/l, pa3Mellast HATEPTYIO COJIOMKY
€33/l UJIN Ccliepeu ODaHKU.

OkcriepumeHT 2.6

MpbI mogHOCHM TPUPOIHBIN MATHUT THUIA XOJOIUIBHON JIMIYYKHA HJIH Mar-
HHATa U3 TPOMKOI'OBODPUTEJST OJIM3KO K BEIEeCTBAM Ha CTOJIE, OIIMCAHHBIM B 9KC-
nepumMenTax 2.3 u 2.4. 3aMeTuM, YTO MArHUT IPUTSITUBAET TOJIBKO KeJIe3HbIE
ONWJIKK U CTAJbHBIE BOJOKHA. MaruuT He BJIMSET Ha JPYTUe BEIIECTBA — JTaXKe
Ha KYCKU MEJIHO# IIPOBOJIOKHU WJIM AJTFOMUHUEBOM (DOJIBIU.

DTO OJTHO M3 OCHOBHBIX PA3IMYUN MEXKJIY JIEKTPUICCKUMUA U MATHUTHBIMU
cunamu. Hareproiit sHTAph 1 HATEPTHIH IUIACTUK IPUTATUBAIOT IIOYTUA BCE JIEeT-
Kue BerecTBa. [IOCTOSHHBINN MArHUT, C JAPYTOif CTOPOHBI, TPUTATUBAET JIUIIH
HEKOTOPBIE U3 HUX: B OCHOBHOM TOJIBKO T€, KOTOPBIE COJIEPKAT YKeJIEe30.
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Puc. 2.5: Hareprast coioMKa IPUTATUBAET METAJUINIECKYIO OAHKY.

CJj10Ba MArHUT, MATHETH3M, MATHUTHOE U T.JI. 6EPYT CBOE HAYAJIO OT HA3BAHUSI
reorpaduvIecKoro pailona, Ha3pIBAEMOr0 MarHe3ueil, rae JIPeBHUEe TPEeKU HAILIU
[PUPOJHBIA MAIHUTHBIA MUHEPAJ MarHeTUT (OKCHUJ YKejie3a), KOTODBI umeeT
CBOICTBO NPUTATUBATH HEOOJIBIINE KYCOUKN JKEIE3a.

OKcriepuMeHT 2.7

Mpb1 6e3ycCIIentHo nbITaeMcs IPUIEIUTh MATHAT K AJIOMUHUEBON KaCTPIOJIE.
Ham Takke He ymaercs MPUTIHYTh MATHUTOM AJIOMUHUEBYIO OAHKY U3 IKCIIE-
pumMenTa 2.5. DTO emre pa3 IMOKA3bIBAET PA3IUIUE MEXKJTY DJIEKTPUIECKUMU U
MArHUTHBIMA CUJIAMH. DTO TAKKe ITOITBEPKIAET, UYTO MATHUAT IIPUTATUBAET HE
BCE METaJJIMIECKHE IIPEIMEThl — OOBITHO JIUIh T€, MATEPUAJ KOTOPBIX COIEp-
2KUT 2KeJIe30.

2.5 Bo3moxkHO 1 nIpurdazkKenme }KI/I,Z[KOCTI/I?
OkcriepumeHT 2.8

B skcnepumente 2.1 mMbI paboranu ¢ TBepAbIMHU BermecTBaMmu. PaccMoTpum
Tereph BIUSHIE HATEPTOrO IIACTUKA Ha XKUJIKOCTH. EIle pa3 oTMeTnm, 9ro Jryd-
Ire BCero I1oJHOCUTL COJIOMKY K 2KNJIKOCTH. COJIOMKa MOXKeT 6bITb HeﬁTpaﬂbHOﬁ
WM OHA MOXKET OBITH IIPEIBAPUTEILHO HaTepTa. Beerma Hy»KHO CIeIUTh 38 TEM,
9TOOBI COJIOMKA HE MPUKACAIACH K YKUJIKOCTH.

Mb1 BKJIIOU&EM KpaH Tak, 9To0bl TOHKas CTpyiika Boibl TekJa posuo (Puc.
2.6 (a)). Mbl nmogHOCHM HEHTPAJIBHYIO INIACTUKOBYIO COJIOMKY 0JIN3KO K IOTOKY
¥ BUJIUM, 9TO HUYETO HE ITPOUCXOJIHUT.

Mpb1 HaTHpaeM JIPYryH COJOMKY U IIOJIHOCHM ee OJIM3KO K IOTOKY. Ha 3ror
pas3 IOoTOK u3rubaercst B cropoHy HarepToii conomku (Puc. 2.6 (b)). B arowm Jier-
KO yOeuThes, epeMelras HaTepTyio COJIOMKY OJIM3KO K BEpXHell 4acTh MOTOKa,
r7e Bojia uMeer 6oJiee HU3KYIO CKOPOCTh. VIHOT/Ia IPUTSZKEHNE CTOJIh HHTEHCUB-
HOE, 9TO ITOTOK KACAETCS COJIOMKH. DKCIEPUMEHT TaKKe paboTaeT ¢ Kalaromei
Bomoit. OusaTh Taku, 3pdeKT Gojee 3aMeTeH, KOrga HaTepTas COJOMKa Pacio-
JIOXKEHA HEJAJIEKO OT MEJIJIEHHO MAJIA0IINX KAIleJb BOJIbI.
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Puc. 2.6: HaTepTaﬂ COJIOMKa IIPUTATUBaET IIOTOK BO/IbI.

OKcriepuMeHT 2.9

Heuro anagormdysoe MpOMCXOMUT, KOT/A MBI IMOJIHOCHM HATEPTHIN ILJIACTHK
OJIM3KO K IMOTOKY MOJIOKA, MOIOIINX CPEICTB, AJKOTOJISA, KEPOCUHA, IAMITyHN
WJIN IUIIEBOrO PACTUTENHHOrO Macja. 10 eCTh BCe 3TH IIOTOKM IPUTATUBAIOTCS
HaTEePTHIM ILJIACTUKOM, HO HE YYBCTBYIOT HUKAKOI'O IIPUTS?KEHUsI K HEHATEPTOMN
coiomke. B ciydae medTn, 3ddPeKT — a mMMEHHO, M3rud MOTOKA — HE TaKOit
CUJIbHBI, KaK B CJIyYae C JAPYTUMU YKUITKOCTSIMHU.

OrbIT, aHAJIOTTYHBIN ITUM, KaXKeTcsi, ObLI IpoBejieH Brepsblie 2Kanom Teo-
dbunem ezariombe (1683—1744) B 1741.13 B konme atoit crareu Jlesariomne
[TATITET:

Tonsecus nomobaromuM 06pa3oM (TO eCTh TOBECHB KAKIM-TO JJIEK-
TPHYECKIM TEJIOM, B JAHHOM CIydae KerryT)'* Memmbrit KyBsmmm Ho-
CUKOM BHU3, S OTKPBII KPaH M JAJ MOTOKY CTEKATH B PACIIOJIOKEH-
Hblil 10, HUM cocyl: Torma, Bo3OyauB [TpeHueM| GOJbILYIO [cTEK-
JSHHY0| TPYOKY 3JIEKTPUIECTBOM, s JEPIKAJ e HAJl MeTHBIM KyB-
I[IIMHOM, B TO BpeMsl KaK [OMOIIHUK JIEePKaJ MPOOHYIO HUTH (TO €CTh
CBUCAIONIAS C TAJIKU HATH) BOJIM3U HECKOJLKUX YaCTel CTPYH, KOTO-
phI€ 3aMETHO TIPUTATUBAINA ee. Toraa s IIOMEeCTUII HATEPTYIO TPYOKY
PSJIOM € TTAJAIONIEH CTPyeii, KOTOpasi MPUTSHYJI& €€ TaK CHJIBHO, 9TO
COrHYJI& €€ B KPUBYIO, & WHOTJ[A IPUBOJM/IA K TAKOMY CUJIBHOMY OT-
KJIOHEHUIO CTPYH, UTO BOJA Jake He Iolajaja B CTOSIIUI BHU3Y
COCY/I.

13|Desb, crp. 666—667] u [Pri66, crp. 85].
14 Cwm. TIpunoxkenue A.
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CryneHTaM O9eHb HPABUTCS ITOM CMEITHOM U MHTEPECHBIH SKcrepuMenT. Mbr
OyzeT 06CcyK1aTh ero 6osee o IpobHO B pasmese 7.11.

DkcnepumeHT 2.10

MoxKHO TIPOBECTH AHAJIOTUYIHBIN IKCIEPUMEHT C HEeOOLINON JIyKOit BOIBI
Ha cyxoil moBepxHocTu. Korga MbI HOJHOCHM HEHTPAJIBHYIO COJIOMKY OJIM3KO K
Kalljle BOJbI, HU4Yero He mnpoucxoauT. C Jpyroif CTOPOHBI, KOT/a MbI ITOJHOCHM
HaTEPTHIN IJIACTUK K BOE, MbI BUJUM, 9TO IIOBEPXHOCTH BOIBI AeopMupyercs
TakuM 0Opa30M, YTO Te y9IaCTKH, KOTOPBbIE HAXOISTCS OJIMKE K COJIOMKE, BbI-
raruBaiorcs B ee cropony (Puc. 2.7). Mnorpa kamis BoIbl JaXke KATUTCS HAJL
CyXyoOil IIOBEPXHOCTDIO, JIBUT'asCh Kak IejI0e B HAIIpaBJIeHUHU HATEPTOro IJIacTH-
ka. To 2Ke caMoe TPOUCXOJUT, B TOW WU WHOHW CTEIEHU, C MEPEINCICHHBIMU

(

i 1\

BbIIIIE 2KMJIKOCTAMM.

Puc. 2.7: Hareprasi comoMKa IpUTIATUBAET KAILIIO BOJIBI.

2.6 I'mapbepT M HEKOTOpPbIE €ro 3JIeKTPUYECKHne
9KCII€PUMEHTHI

Awnrsmiickuit Bpau Yuiabam uibbepr (1544—1603)1 6bu1 omaum uz Tex yue-
HBIX, KOMY MbI OOJIbIIIE BCET'O 00'bsI3aHbI 38 COBPEMEHHbBIE MY HCCJIEJIOBAHUS 110
MarseTusmy u sjiekrpudectsy (Puc. 2.8).

B 1600 roxy on omny6sinKoBaJI O9€Hb BaXKHYIO [JIsi MCTOPUM HayKd KHUTY,
O maznemume U MAZHUMHOLT MeAAT U 0 6oavwom maznume 3eman.'® B sroit
paboTe OH OIMCAaJ MHOT'O BaXKHBIX OTKPBITUI, CBA3aHHBIX C MarHeTu3MoM. B To
BPEMs OPHEHTAIINI0 MAarHUTHOM CTPEJIKM OObSCHSUIM BbIDABHUBAHUEM MAarHUT-
HBIX TTOJIIOCOB UIJIBI C TIOJTIocamMu HebecHo# cepnl. ['manbept, ¢ apyroit cTOPOHBDI,
BBIJIBUHYJI UJ€I0, YTO 3eMJIS SIBJIETCS OIPOMHBIM MArHUTOM U, CJI€JJOBATEJIBHO,
0071a/1aeT MArHUTHBIMUA CBOHCTBAME. 3aTeM OH OObSICHUI OPUEHTAIINIO MATHUAT-
HOIT CTPEJIKHI ee BHIPABHIBAHIEM ¢ MATHUTHBIME TIojriocaMu 3emi. ' Bo Bropoi
ri1aBe cBoeit KHuru I'miapbepr onmcas HECKOJIBKO JIEKTPOCTATUIECKUX IKCIIEPH-
MEHTOB, KOTOPbI€ ObLIIN IIPOBEJIEHBI C I€JIbI0 OTJINYIUTD SIBJIEHUs], CBSI3aHHBIE C

MarubmuToM, OT TeX, KOTOpbI€ CBA3aHbI C HHTapeMZlS

15|Kel81].
161Gil78].
17[Kel81].
18[Gil78, cTp. 27].

26



Puc. 2.8: Yuibsam I'misbepr (1544—1603).

O6 3TOM BelecTBe [sIHTapb| HECKOIBKO CJIOB HAJI0 CKa3aTh, YTOOBI
IIOKa3aTh TPUPOY TPEIPACIOJIOKEHHOCTH TeJI K HEMY, U yKa3aTb
Ha OIPOMHBIE PA3INYINs MEXKIY ITUM U MATHUTHBIM JeficTBueM; ubo
JITOAU IO CUX IIOP OCTaXOTCe B HEBEZKECTBE U CHUTAIOT 9TY CKJIOHHOCTD
TeJI K dHTaplo NPUTA2KEHUEM, CPDaBHUMBIM C MalrHUTHBIM ITPUTAZKE-
HUEM.

OH Ha3BaJ 24eKMPUKAMU TEJIA, KOTOPBIE 00JIAIAIOT TE€M YKe CBOUCTBOM, UTO

u sraph (Kypcus Ham): Y

I'peku HA3BIBAIOT ITO BEILIECTBO NAEKTPOV [IEKTPOH MU SIHTAD-
HBIH|, TOTOMY YTO NP HATDEBAHUH MOCPEJCTBOM TPEHHS, OHO TIPH-
BJIE€KAeT K cebe COIOMKY; [...] DTu Tesa (s4ekmpury) NPUBIEKAIOT
K cebe He TOJIbKO COJIOMKH M MsIKHHY, HO BCE METaJljIbl, JePeBo, Jii-
CTbsl, KAMHH, 3€MJIM, Ja’Ke BOJy M MacJIO; KOpOYe rOBOps, BCE 9TO
MBI BOCIPUHUMAEM HAIMMY 9yBCTBAMHU WJIU SIBJISIETCA TBEPJIBIM Be-
IIECTBOM: & HAM TOBOPAT [HEKOTOPBIE JIDEBHHE aBTOPBI|, 9TO OHU HE
IPHBJIEKAIOT HUYIEr0, KPOMEe MKHHBI U JIMCTOYKOB.

Wnn emme:20
U cxoncTBO He ABISETCS TPUIUHON MPUTIKEHUT STHTaAPEM, ITOCKOJTh-

Ky BCe Bellli, KOTOPbIe MBI BHIMM Ha 3€MHOM I1ape, Oy/1b TO OfuHAa-
KOBBI€ WJIU PA3JIUYIHbIE, TPUTATUBAIOTCS SIHTAPEM U MTOJOOHBIMU €My

9(Gil78, crp. 27].
20[Gil78, crp. 28].
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BemecTBaMu; CJjIeJI0BaTeJIbHO, HE CJIeAyeT IIPOBOAUTL CUJIbHYIO aHa-
JIOTUIO Ha OCHOBE IIOJIO6I/IH i UMJICHTUYHOCTHU BenleCTBa.

N eme:?!  MarseTuT NpuTATHBAaeT TOJIHLKO MATHUTHBIE TEJa; SMCKTPUKH
MPUTATUBAIOT Bee."

lM'unpbept, KaxkeTcs, ObLI HEPBBIM, KTO 3aMETHJI IPUTIKEHNE 2KITKOCTU Ha-
TEPTHIM STHTAPEM, BBITOJHSS SKCIEPUMEHT, aHAJOTHIHBIA M300paskeHHOMY Ha,
pucynke 2.7:22

On [HaTepThlii SHTAPH| IBHO HPUBJIEKAET CAMO TeJIO B ciydae cde-
pUYecKOil KAIIi BOJBI HA CYXOil IOBEPXHOCTHU; MO0 KyCOK STHTaps Ha
JIOCTATOYHO OJIM3KOM DPACCTOAHUU TSHET K cebe OJIm3siexKalnue da-
CTHIBI KAIJIM W BBITSICUBAET WX B KOHYC; €Cju Obl Kalisg ObLjaa B
BOBJyXe, OHA IEJIMKOM IIPUTSHYJIACh OBl K SHTapIO.

I'nipbepT yrmoMwHAET JIMITH JABa UCKIIOYUEHUS U3 OOIIEro MpaBU/Ia; TIaMs 1
OYeHb paspe’kKeHHble OObEKTHI HE UCHBITHIBAIOT [IPUTSAYKEHUsI K HATEPTOMY STH-
Tapio,?? |...] 6o Bce Tesa UCHBITHIBAIOT TPUTSKEHUE KO BCEM 3JIEKTPUKAM, 3a
WCKJIIOYEHUEM TeJI B IIAMEHU WJIU CJIMIIKOM Pa3PEXKEHHBIX, KAK BO3/yX, KOTO-
pBIil IBJIIETCST YHUBEPCAJBHBIM HCTapeHneM 3eMHoro mapa.” OH jgoKa3aj, 9To
HATEPTLIH SHTAph He IPUTAIMBACT BO3IYX, CICILYIONIM 00pasom: 24
W, uro siHTaph HEe TPUBJIEKAET BO3JYX, JMOKA3BIBAETCS CJIEIYFOIIIIM
00pa3oM: BO3bMHU OYEHb TOHKYIO BOCKOBYIO CBEYy C OY€Hb HEDOIIb-
UM SICHBIM IIJIAMEHEM; IOIHECH IMUPOKUH IIOCKWIT KYCOK STHTapS
W cTpyn,?® TIMATeIBHO MOArOTOBJICHBIH U TINATEJHHO HATEDPTHI,
Ha pacCTOsSIHUE JIBYX HAJIBIEB OT HErO; TellePhb sIHTAPh, KOTOPbIii IIPHU-
BJIEKaeT OKPY2KaloIl[e Tejia Ha 3HAYNTETbHOM PACCTOSTHUN, HE BbI30-
BeT JBUKEHUE IIAMEHH, XOTs TaAKOe JIBUYKEHNEe ObLIO Obl HEN30EKHO,
ecu ObI BO3/IyX HAXOMWUJICS B JIBU2KEHUHU, UOO IIOTOK BO3/LyXa IMOTs-
Hys1 ObI 3a cODOM TLIAMS.

Haisee o numer:25

DJIEKTPUKHI IPUBJICKAIOT BCE TEJIa, 33 HCKJIIOUCHIEM TJIAMEHH 1 FOps-
IMIX 06HEKTOB, 8 TAKKe OUeHb PA3PEKEHHOI0 BO3LyXa. U1 IIOCKOIBKY
OHU He TPHUBJIEKAIOT K cebe IIIaMsl, OHU He MMEIOT HHKAKOTO BIIHS-
HUS Ha BEPCOPHYMZ', €CJIM PSIOM C HEM Ha, JIIOOO0I CTOPOHE UMEeTCs
IIaMs JTAMIBI WK J1I060€ TOpHINee BEIIECTBO; H60 COBEPINEHHO fC-
HO, YTO MUA3MBbI IIOTPEOJIAIOTCS IIAMEHEM H TeIljioM orug. Ilosromy

QJIEKTPUKU HE IPHUBJICKAIOT HU IIJIAMEHMH, HU TeJI OKOJIO IIJIaMEHH;

21|Gil78, crp. 30].
22[GilT8, crp. 31].
23[Gil78, crp. 29].
24|GilT8, crp. 31].
25cm. Tpunoskenue A.
26[Gil78, crp. 33 u 34].
27cm. raBy 3.
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nbO0 TaKue UCIapeHst MMEIOT CBOMCTBA U AHAJIOTUIO C PA3PEKEHHBIM
9KCTPAKTOM, U OHU UMEIOT CBOI 3(PdeKT, pe3ybTaTOM Hero sBJis-
eTcsl eJIMHEHUE W HENPEPBIBHOCTb, HE 4Uepe3 BHEIHee BO3JeliCTBUE
9KCTPAKTOB, WJIM II0J BO3/EHICTBUEM TeIlIa, WU {Uepe3 OcJiabjenne
HarpeThIX TeJI, a Yepe3 MPEBPAIleHre BJIaYKHOTO BEIEeCTBA B €ro cob-
CTBEHHOE crrelruduyieckoe ncrnapenue. Tem He MeHee, OHU IIPUBJIEKA-
10T K cebe JIbIM OT IIOTallleHHOi CBEYH; 1 YeM JIerde JIbIM CTAHOBHUTCH,
10 Mepe ero BOCXOXKJIEHUsI, TeM cJiabee OH IPUTATUBAETCsI, KOO OYeHb
pa3perKeHHbIE BEIeCTBA HE UCIBITHIBAIOT IIPUTIKEHUS.

13 toro, 4To 6BII0 CKA3aHO BHIIIE, SICHO, UITO HE BCE BEIECTBA IOIBEPXKEHbI
BJIMSIHUIO HATEPTOrO stHTapsi (Wi, 1o KpaiiHell Mepe, He BCe BEIeCTBA IIPHUTsI-
IUBAIOTCA € OJMHAKOBOMN cuiioif). Jlazke HEKOTOPBIE BEIECTBA, UMEIOIIHNE OUHA~
KOBBII BeC M (DOPMY, IPUTATUBAIOTCS HATEPTHIM IJIACTUKOM SIBHO CHJIbHEE, UeM
apyrue. Hampumep, oanHaKOBble HUTH XJIONKA WJIM MEIU UCIBITHIBAIOT OoJiee
CUJIbHOE TIPUTSI?KeHUe, HeXKeJIn HUTU I1eJIKa UJId CHHTeTUYeCKOro MOJuaMu/Ia.

2.7 Kakwne HaTepThle BEMIECTBA IIPUTATMBAIOT JIeT-
Kue teJa’?

Okcriepument 2.11

Msr ceityac mombITaeMCs IPUTSHYTh pa3MeIleHHbIe Ha CTOJIe HeDOIbIINE Ky-
coukn Oymaru. MbI TOTHOCHM HECKOJIBKO HATEPTHIX OOBEKTOB OJIM3KO K KY-
coukaM OyMaru. 9T OObEKTHI MOXKHO TIOTEPETh O BOJIOCHI, JIUCT OYMAru, WJIn
XJIOITIaTOOYMasKHbIe TKaHU. BaxKHO0, 9T00BI 3TN 00BHEKTHI OBLIN OTHOPOTHBIMU,
TO €CTh OHU JIOJIXKHBI OBITH M3IOTOBJIEHBI U3 OIHOI'O MAaTepHasa, C TeM YTOObI
n36eKaTh IPOTUBOPEUMBLIE PE3Y/IbTATHI. MBI He IOI?KHBI, HAIIPUMED, UCIIOIb30-
BATh IJIACTMACCOBYIO PYUKY C METAJINICCKUME 9acTaMu. B aToM cirydae jrydre
BCEro HATEPETDH IIACTUKOBYIO COJIOMKY U METAJLINIECKYIO JIOKKY OTJIEJIHHO.

Bor HekoTOpBIE U3 9TUX BEIIECTB: IJIACTUK, SSHTAPh, CTEKJIO0, J€PEBO, METAJLI,
AKPWJI, IPUPOJIHBIN MATHAT, TOHKUN KapPTOH, PE3UHA U T.I.

Korpma ykasanmbie BbIllle MepBI IPEIOCTOPOXKHOCTH MIPUHATHI, MBI OOBITHO
HabJII0/IaeM, ITO IHTAPh, AKPHUJI U IJIACTUKOBBIE IPEIMETHI IPUTATUBAIOT HEOOIb-
mue Kycoukn GyMaru Imocjie TpeHusi, Kak B skcrepumenTe 2.1 (Puc. 2.3).

Bce ocrasibabIe BelecTBa, KaK IPABUJIO, HE NPUTATUBAIOT OyMaXKKW, He3a-
BHCHMO OT TOTO, KaK JIOJI'O M KaK CUJIbHO MX HATUPAJUA. DTO IIPEJCTABIEHO HA
Puc. 2.9 ¢ nepeBsHHOI MITaYKKOI.

B ciayuae crekia OBIBAIOT HCKJIIOUEHMs, TaK KaK €CTb HECKOJIHKO Pa3HO-
BUIHOCTEH CTEKJIa, OTJIMIAIOIINXCS COCTABOM W METOJOM m3roToBjeHus. Ho B
[IeJIOM, TIOCJI€ TPEHUs, HanboJiee PACIPOCTPAHEHHBIE CTEKJIA He IMPUTIATUBAIOT
b6ymazkku. To »Ke caMoe MOXKHO CKa3aTh U O PE3UHE, IOCKOJIbKY €CTh HECKOJIb-
KO pa3HOBHUIHOCTEl pe3uHbl. OOBIYHBIE PE3UHBI, BCTPEYAIOIINECs] B 00UXO01e, HE
[PUTSATUBAIOT OyMayKKH.
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Puc. 2.9: (a) JepeBsiHHAS TTTAXKKaA, HATEPTAs B XJIOMIATOOYMAaXKHOM TKAHU UJIH
IEPCTH. (B) Harepras mimakka HAXOIUTCS JAJIEKO OT KYCOUYKOB OyMari. (c) Mpbr
BHUUM, UTO OHA HE MPUTSTUBACT MEJKHE KYyCKHA OyMaru, pa3MereHHbIE PsiIOM
C Heil.

2.8 Howmenkiaarypa 'mabbepa: sj1eKTpuiecKne n
HedJIEeKTpUuiecKue TeJjia

o T'mibbepra OBLIO U3BECTHO JIHUINL HEOOJIBIIIOE KOJUIECTBO BEIIECTB, 00JIa-
JIABIINX CBONCTBOM MPUTSATHBATH MEJIKHE TPEIMETHI mocie Tpenus. Cpeayu HuX
6bLIN AHTApD, raraT’® n aaMasz. ToMBKO B CpeJIHIE BeKa CTAJI0 U3BECTHO, YTO Ta-
rar (TBep/Iblil YILJIOTHEHHBII BT YIVIs) TOXKE MPUTATHBAET Kak surapb.2” IIpu-
POJIHBINI MarHUT [PUTSCUBAET KeJjie30 W ero ciuiaBbl. Ho OH He IpuTsruBaer
COJIOMKY WJIU MsIKHHY TOCJIe TpeHus. JIpyrue BemecTBa TakKe He MPUTATHBAIOT
JIErKHe TIpeIMeThl mocse Tperaus. OHIM U3 TJIaBHBIX BKIaJI0B ['mibbepra B Ha-
YKy 00 3JIeKTpUYIecTBe ObLIO OTKPBITHE MHOTMX HOBBIX BEINECTB, KOTOPBIE BEJIN

cebsi KaK SHTaph T0C/Ie TpeHns:

JpeBHue, Tak ke KaK U COBPEMEHHBIE JIIOJM, TOBOPUIIK (& UX JO0KJIa-
JIbl OIPAHUYUBAJIICH OIBITOM), YTO SIHTAPb HPUTITUBAECT COJIOMKY
u mgkuny. To ke camoe gesaer rarar (KaMeHb, KOTODBIi /100bIBa~
ercss B BesmmkoGpurannu, 'epMaHuM ¥ MHOTUX JIDYTUX DETHOHAX):
TBEpasi KOHKPEIUsi 9ePHOT0 OUTyMa — dYTO-TO Bpoje Tpancdop-
Manuu 6uTymMa B Kamenb. |...| 60 me Tosbko sHTaph u (gagates
UJIM) Tarar, Kak OHU II0JIAIAIOT, IIPUBJIEKAIOT JIErKUe TeJibla (Berie-
CTBa): TO YK€ caMoe JIeJaeT anMas, candup, KapOyHKYJI, UPHC, OIaJl,
aMEeTHUCT, aHIVINACKUAN AparoleHHbld KaMeHb (6pI/ICTOJIbCKI/H‘/’1 KaMeHb,
bristola), 6epuiLi, ropubli XpycTaab. CHOCOOHOCTHIO MPUTIATUBATEH
00JIaTIaeT TaKXKe CTEKJIO, OCODEHHO MPO3pAavHOE, OJIECTSINE CTEKJIO;

28Cur. Tpunoskenne A.
29|RR57, cTp. 546].
30[Gil78, crp. 27, CioBa MoTTH/IeH B KBAIPATHBIX CKOGKAX]|.
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UCKYCCTBEHHbIE KaMHU U3 (IIaCThI) CTEKJIA WM XPYCTaJisl, CyPbMa,
MHOTHE (ropcosepKalie JOHKepoHbl n OeseMHUTHI. Cepa Takke
IPUTATUBACT, & TaK2Ke MaCTUKa U Cypry4d [I/IJH/I JIaK], TBepJdad CMO-
Ja, aypunurmenta (ciaabo). Ciaaboit cuoit IpuTsaXKeHus TakkKe 00-
Jaziaer B CyXyio norofy sal gemma [HaTypaiabHbLi XJI0pu HATPUs|,
CJTIOJ1Ia, TOPHBIE KBACIIHI.

BerecTBa, KOTOpPbIE He IIPHUBJIEKAIOT JIEMKHE TeJa IPH TPEHHH, ObLIA Ha-
3BaHBI HedseKTpuKaMu. Cpey 9THX BemecTB L mIb6epT IIePetrCIImI MeTa b,
HECKOJIbKO BHJIOB JI€PEBA, IPUPOJHBIN MAIHUT, PA3JIHYHbIE CAMOIBETBHI U T.II.
Bor nurara u3 ero xumrm:S!

B orkpriTOM BO3MyXe HArpeThIe Tea He MOTYT IPUTATUBATH, BKJIIO-
qas JlaKe MEeTaJUIbl WM KaMHU, JOBEJIEHHLIE OIHEM JI0 OY€Hb BbI-
COKOIT TemmiepaTyphl. 1160 Kee3HbIi TPy T 6€/I0T0 KAJeHUsI, TIIaMsI,
cBedva, bakes, WM PACKAJIEHHBIH yroJib, OyIydn BOJIU3U COJIOMKH
WJIM BPAIIAIOIIErOCs yKa3aresa (6epcopuyma), He IPUTITUBAIOT; XO-
TS BCE OHU CO3AIOT MOTOKK BO3/yXa IO HAIPABJIEHUIO K cebe, 1o-
CKOJIBKY OHU TOTPEOJISIOT BO3/IYX, KAK JIAMIIA TOTPEDIIsTeT KEPOCHH.

Crenyromuil CIIMCOK MMeJI OYeHb BasKHOE 3HAdeHMe: 52

Ho ovenb MHOrHe 3JjieKTpuyecKue Teja (Kak JparoreHHble KamMHu
U T.J1.) He IPUTATHBAIOT BOOOIIE, €CJM TOJBLKO CIIepBa UX HE TOTe-
peTb; B TO BpeMs KakK IpO4Ue Teja, U CPeJu HUX HEKOTOPLIE JIpa-
rOIeHHbIE KAMHH, He 00JIaJal0T CUJION NIPUTHKEHUS, 1 HEBO3MOKHO
34CTABUTh UX NPUTATHBATL JIA’Ke 34 CUYET TPEHUsA; K TAKAM TeJIaM
OTHOCSTCH U3YMPY/I, araT, CepIOJIHK, JKeMUyT, AIIMa, XaJlleJl0H, aje-
6acTp, nopdup, Kopasur, MpaMop, Ja3yput (0cesIok, 6a3aHuT), Kpe-
MeHb, TeMATHT, HAK/IaK WA KOPYH/I, KOCTH, CJIOHOBAsI KOCTh; CAMbIe
IJIOTHLIE JIePeBbs, KaK 4epHOe JIepeB0; HEKOTOPbIE IPYTHe JepeBbsl,
KaK KeJp, MOMKKEBEIbHIK, KUIIAPHUC; METAJIbI, KaK cepebpo, 30710~
TO, MeIb, ¥KeJie30. MarueTur, XoTa OH JOIMyCKaeT OYeHb XOPOLIYIO
HOJIUPOBKY, He 00J1aJjaeT CBOfCTBOM 3JIEKTPUYECKOr0 IPUTAKEHHS.

Amnasormano:®?

Ilo sToii npuYmHe HU METAJIbI, MPpaMOpP, KPeMeHb, APEeBEeCHHa, Tpa-
BBI, MsICO, HA Pa3JIMYHbIE JIDYTUe BEIIECTBA HE MOT'YT IPUTATUBATH
WM BJUATH HA Tesa, OyJb TO MATHUTHO WM dJIeKTpudecKu (1o-
9TOMY IPUHATO HA3BIBATH JIEKTPUIECKON Ty CHJLy, KOTOpas Oeper
cBOe HaudaJo Bo Biare). Ho resa, cocrosinue B OCHOBHOM M3 BJIAIH,
HO He YIJIOTHEHHbIe IPUPOJIOH, B CHJIy Yero MX HEBO3MOXKHO IIO/I-
BEPrHYTh TPEHUIO, JINOO PACIaIAI0TCs HA YaCTU WA Pa3MSTrdaroTCs,

31|Gil78, crp. 28|.
32[GilT8, crp. 29)].
33]Gil78, crp. 30].
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WM JUMKAE, KaK CMOJIa, MIrKas KaHu@OJIb, KaMdopa, raap0anym,
aMMMaK, CTUPAKC, AlleTUICATUIIIOBAs KUCJI0Ta, OEH30MHAsT CMOJIa,
ryapoH (0COGEHHO B TEILIYIO MOTOJY), He IIPHUBJEKAIT Tesbla. 1160
6e3 TpeHusl JIUIb HEMHOTHE TeJIa JIAI0T CBOIO UCTUHHYIO eCTECTBEH-
HYIO JIEKTPUIECKYIO omarayuto u ucunapernne. CKUOuIap CMOJIBI B
JKUJIKOM COCTOSTHUY HE TPHUBJIEKAET, ITOTOMY YTO €r0 HEBO3MOXKHO
HATEpPEeTh; HO KOTJa OH 3aTBEP/EBAET B MACTUKY, OH IIPUTSATUBAET.

Hexkoropsie cioBa, KOTOpbIEe HAXOAATCHA B YIIOTPEOJIEHUN W CETOJHS, UMEIOT
CBO€ IIPOUCXOXKJICHUE B CJIOBE sIHTAphb (MM 9AEKMPOH HA IPEUYECKOM ): SJIEKTPH-
YECKUil, JIEKTPOHHBII, JIEKTPUYECTBO, JIEKTPUK, JIEKTPOMATHUT, JJIEKTPOJL U
1.71. IlepBOHAYAIILHO CJIOBO 24€KMPUMECME0 O3HATAIO CBOWCTBO MU CIOCOO-
HOCTBb IIPUTSATUBATH JIETKWE TeJia, KAK 3TO OBLIO B C/Iydae C HATEPTHIM sIHTa-
peat.4 D10 c10BO BeTpedaeTcs Biepsble B HedaTHOI paboTe capa Tomaca Bpay-
na (1605—1682) 1646 rona. B 1820 roay Dpcrel; BBEJI TEPMUHBL dAEKMPOMAZHE-
MU3M U IAEKMPOMAZHEMUK, B TO BpeMs Kak B 1822 roxy Amuep BBes TEpMUHBI
2AEKMPOCMamuKa U 2aexmpodunamura.

lM'unsbepT HA3BIBAJ BCe TejIa, KOTOPBIE IPUTSTUBAJIN JIETKUE BEIECTBA ITOCTIe
TPEHUS, INEKMPUKAMU, XOTSI T4 HOMEHKJIATypa 0oJibIlie He ucnoab3yercs. [Ipu-
9UHBI 9TOTO0 U3MEHEHUsI HOMEHKJIATYPBI, IPUBE/IEHBI B IviaBe 6, ryiaBe 8 u mpJio-
kenuu B. g srydinero noHnMaHusi HEKOTOPBIX HCTOPUYECKUX IIUTAT, KOTOPbIE
MOSIBATCST B 9TOM KHUT'e, OYeHb BayKHO 3HATH, YTO ITH MaTEPUAJIBI B HACTOSIIEE
BpeMsl KIacCUMUIUPYIOTCH KaK U30AAMOPbL U NPo6odruKy. VI30a9TOPBI TaKkKe
Ha3BIBAIOTCS HEeNPo8odHuKaMu Win duasexmpuramu. Bermecrsa, KoTopbie ['niib-
6epT KJIACCHMDUIUPOBAI KAK JEKTPUKH, TEEPh HA3BIBAIOTCS U30JATOpaMu. A
BEIIECTBa, KOTOPbIe paHee KJIacCH(MUIINPOBAINCH KAK HEIJIEKTPUKY, TEllePb Ha-
3bIBaXOTCsA IIPOBOJIHUKAMMU.

34|RR57, crp. 558|, [Hea67] u [Hei99, crp. 169).
35[Amp22, crp. 60], [Drs98a, crp. 421], [Drs98b, crp. 426], [Blo82, crp. 78|, [GG90, crp.
920], [GGI1, crp. 116] u [Cha09, cTp. 24—26].
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I'maBa 3

Bepcopuym

3.1 Ilepuenaukyso ®@pakacTopo u Bepcopuym I'mib-
Oepta

Teneps MbI 06CY MM caMbIil IEpBBIiT 3JIeKTPOHHBIH pubop. Kro mocrponn Ixu-
ponamo @paxacropo (1478—1553) (Puc. 3.1). Berpevarores pasnbie mpaBonu-
canns ero mMmenm: Kro-To mumer ®paxacropo, apyrue — Ppakacropuo.! Om
6611 1109T, Bpad 1 bunocod n3 Bepona.? ®pakacTopo Gosiee M3BECTEH CBOMMHE
paboraMu IO MeAUITIHE, OCOOEHHO IMuaeMuoioruu. VIMeHHO OH Jlajl Ha3BaHUe
cuduauc N3BECTHOMY BEHEPUIECKOMY 3a00JIEBAHMUIO.

Puc. 3.1: Txxuposamo @paxacropo (1478—1553).

1[Ben98, crp. 241].
2[Zan81].
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Ero uacTpyMeHT ObLI BIEpBBbIE NIPEJICTABIEH B KHUTE, U3aHHOM B 1546 ro-
ny.? OH ncrosb30Bas CBOII HPHGOP, UTOOHEI IIOKA3ATH, YTO HATEPTHIH SHTAPD
[IPUTSTUBAET HE TOJIBKO COJIOMKH W MSIKMHY, HO TaK»Ke JPYroi KyCOK sIHTaps,
U Jayke TaKoU MeTasul, Kak cepedpo. OH Takke ODHAPYXKUJI, UTO ajmas3 00Jia-
JIaeT CBOWCTBOM IPUBJIEKATH JIEPKHE BEIECTBA TOCJIe TPEHUs, KaK B CJIydae C
auTapeM. PpaKacTopo ONUCHIBAET CBOIl HOBLIH IIPUOOP B CIELYIONNX CIoBax::

DaKTUIECKU, MBI, B IPUCYTCTBUM HECKOJBKUX HAIMX Bpadeil, mpo-
BEJIM MHOT'O 9KCIIEPUMEHTOB € Nepnendukya0, KOTOPBIH TOJIY YUIT IId-
POKOE pacripocTpaHenne, Kak B MOPCKOM KOMIIACe, HAPUMED, U Ha-
GJTIOTANIN, KaK MATHUT TPUTSTUBAET JAPYTOil MATHWT, [HAMATHUIEeH-
HOe| Kesie30 [npuBJIeKaeT| Kejie30, u3-3a TOro, YTO MATHUT [IPUTS-
IMBAET JKEJe30, & YKeJIe30 |[IPUBJIEKAET| MATHWUT; KPOME TOro, |[Ha-
TeprIﬁ] AHTapb IIOJAXBaTbIBa€T MaJIECHbKHUE KYCOYKU sdHTapd ... H,

AHAJIOTUYHO, [HATEPTHIH| SHTAPh PUTATUBAET K cebe He TOJBKO CO-
JIOMKHU ¥ MSKWUHY, HO U cepebpo.

Korna om mumer nepnenduryao, @pakacTopo BOZMOXKHO WMEET BBHUIY OT-
BECHYIO .J'II/IHI/IIOS, T.e. HeDOJIBITION TIPEIMET, TOABEIIEHHBI Ha BePTUKAILHON HU-
TH, KaK MagTHUK. HuThb O6ymaeT cBOOOIHO mepeMeniaThCcs B JII0O0OM HAIIPaBICHUN
BOKPYTI' TOYKHU, K KOTOpOii OHa Kpenurcs. CJIOBO ,II€PIEHIUKYJIO" CBI3aHO CO
CJIOBOM ,TIEPIEHIUKY/ISPHO" M 03HAYAET MPSIMYIO JIMHUKO IO/ MPSIMBIM yTJIOM
K ropu3oHTy. OTBeC UCIOIB3YyeTCs I YKa3aHUs BEPTUKAILHOTO HAIIPABJICHUSI.
[To sToit mpuYrHEe €CTECTBEHHO MPEIOIAraTh, YTO HePIeHKYI0 y PpakacTopo
03HAYAJ OTBEC.

W3 npuBeeHHOrO BhIIIE OMUCAHUS MBI 3aKJ049aeM, 970 PpakacTopo npuss-
3aJ1 HeOOJIBINOI KycoUueK stHTaps Wiau cepebpa K KoHity Huth. [logHecs naTepTorit
AHTapb 6JII/13KO K IIeplIeHaInKyJa0, OH MOI' 3aME€TUTh, 9TO HUTHb OTKJ/IOHUJIaChb OT
BEPTHKAJILHOIO MOJIOXKEHUS B cTOpoHy Hareproro siuraps (Figure 3.2). IIpeunny-
MIECTBO MEPIEHIUKYJIO 110 CPABHEHUIO C COJIOMKOM MJIN MSIKMHO# COCTOUT B TOM,
9TO HATSKEHNEe HATH YPABHOBEIINBAET BEC IOIBEIIEHHOIO Teja. 1oraa JIerko
BUJIHBI €0 JBUYKEHUsI B TOPU3OHTAJILHOM HAIPABJIEHUN JIa’Ke TPH HeOOJBIION
cuyte putsizkennsi. C IpyTo#l CTOPOHBI, €CJIi HEOOJIBINON KYCOK STHTaps WA Ce-
pebpa Haxomuiicst Obl Ha CTOJIE, ObLIO ObI TPY/HEE HADJIOAATH I OOHADPYKUTH
KaKOe-TO JIBUXKEHUE U3-38 er0 TSKeCTHU. 10 ecTh ObLIO Obl TPYIHO YBUJETH €ro

3[Gli33] u [Hei99, cTp. 175].

4“Nos enim praesentibus multis & nostris medicis experientiam multorum secimus,
perpendiculo bene & concinne aptato, quale est in nauigatoria pyxide, ac manifeste vidimus
magnete trahere magnete, ferrum ferri, tum magnetem trahere ferrum, ferrum magnetem
porro electrum parua electri frustula rapere, argentum attrahere argentum, &, quod valde
inirati fui mus, magnetem vidimus argentum trahere: item Electrum non solum furculos &
paleas mouere ad se, sed & argentum,” [Fra55, crp. 85 verso|. Ha uranbsuckom: “Noi infatti
alla presenza di molti dei nostri medici facemmo esperienza di molte cose con un perpendiculo
bene e convenientemente adattato come & nella bussola da navigare e vedemmo manifestamente
che il magnete attrae il magnete, il ferro il ferro, poi che il magnete attrae il ferro e il ferro
il magnete; e ancora, I’ambra rapisce pessettini d’ambra... e parimenti I’ambra non avvicina
solamente a se i fuscelli e le pagliuzze, ma anche I'argento,” [Gli33].

5[Sas02].

34



BEpPTHUKAJIbHOE IIepeMellleHIe B CTOPOHY PaCIIOJIO?KEHHOI'O PsIJIOM HaTepTOro sH-
Taps.

(@

(b)

Puc. 3.2: Mntoctpanus nepreninkyno $pakacTopo U IKCIIEPUMEHTa, KOTOPBIi
OH, BEPOATHO, IpoBoamI ¢ HUM. (a) Pyka mepxxut Gosibinoit Kycok auTapst. Ha-
TEPTBI yIaCTOK AHTaps obo3HadeH Oyksoit F. Ha HmkHeM KOHIIE TEpITeH M-
KyJI0O BUCUAT JPYTOH MaJeHbKHUI KYyCOK sHTapsi Wau cepebpa, KOTOPbIi He ObLT
natepT. Korma 60bIoil Kycok sHTaps HAXOMUTCS NAJEKO OT IePIIEeH/NKYJIO,
HUTb NOKOUTCS B BepTHKaJbHOM mosioxkenun. (b) Ileprenankyso npusiekaer,
KOTJIa HATEPTHIN stHTaph F' mpubinkaercs K BUCAIIEMY KYCKY STHTapsi WU Ce-
pebpa.

I'nsbepT, oueBuaHO, 3Ha7 0 KHUTe PpaKacTopo U MPOIUTHPOBAJ €€ HECKOTb-
KO pa3 B cBoell kupre:’

DpakacTOPUO CUUTAET, YTO BCE TeJia, KOTOPhIE B3AUMHO IIPUTATTBA-
0T TOJOOHBI, WU OJHOIO W TOTO YK€ BUJIA, YTO MPOSIBJIAETCS JTUOO B
X JeficTBUSAX WU B uX obmieit cymu: ,,Temepb obmas cymo, roBo-
pur o [@pakacTopol|, ,,B TOM, UTO, TIPUTSZKEHNE OOYCIOBIEHO TEM,
9TO U3JIy9eTCsl, & B CMEIAHHBIX BEIECTBAX 9TO HE OINIyTHMO H3-3a
Jnecdopmarm, B pe3yJibTare 4ero OHU — OJIHOBPEMEHHO U deticmeue
u nomenyuas. CienoBaTeIbHO, CKOPEe BCErO BOJOCHI M BETOYKU Tsi-
HYTCS K SIHTAPIO U aJIMa3y He TOTOMY, 9TO OHU BOJIOCHI U BETOYKH, a
IOTOMY, 9TO B HUX HAXOJUTCS WJIM BO3/YX WJIN KaKasg-JuOO Jpyras
cyOcTaHIys, KOTOpas W IPUBJIEKAET, U 9TO UMEET KACATEJbCTBO U
AHAJIOTHIO C TE€M, YTO CaMo Mo cebe MPUBJIEKAET; U B STOM CMbBICTIE
STHTaph U ajIMa3 — KaK OJIHO M TO YK€ BEINEeCTBO, B CUJIYy ODIIei Jist
oboux cybcrannun.“ Bor Bam u Ppakacropuo.

lNunnbepT, BeposITHO, HAYAJ WCCIEJIOBATH MPUTATHBAIONINE CBOHCTBA JPY-
TUX JPArOIEeHHBIX KaMHel mocse n3ydenns 3toit kuuru Ppaxacropo. I'mindbept
OIMCBLIBAET TAKYKe MHCTPYMEHT, KOTODBIl OH Ha3BaJ 6EPCOPUYM,’ XOTsS OH He

6]Gil78, crp. 28—29].
7|Gil78, crp. 27—28].
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YIOMSIHYJI, 9TO aHAJOTUIHBII HHCTPYMEHT — nepnenidukyAo — OBLIT H300peTeH
®pakacropo. OpurnHaJIbHBIH Yeprek ['miibbepra 3TOro MHCTPYMEHTa TTOKA3aH
Ha pucyHke 3.3.

Puc. 3.3: Bepcopuym I'minbepra.

Hazsanue sepcopuym NpOUCXOAUT OT JIATHHCKOI'O CJIOBA, MMEIOIIET0 3HaYe-
HIE N060PAMUBEMHCA WIH 8Pawambvbca. BepcopuyM 3TO MHCTPYMEHT, KOTOPBIi
OOBIYHO COCTOWT M3 JIBYX YacTeil: BEpDTUKAJIBHOIO 3JIEMEHTA, KOTOPBIA BBICTYIIA~
€T B Ka4eCTBe OIIOPHI, U MOANEPKUBACMBIN TOPU3OHTAJIBHBIA 3JIEMEHT, KOTOPBII
crioco0eH CBODOIHO MOBOPAYNBATHCS BOKPYT BEPTUKAJIBLHON OCH, OIPee/IsseMoil
oropoii. B aToM oTHOIIIEHNN OH OY€HDb MTOXO0XK Ha, OOBITHBIN CTPOUTEIHHDBIN KOM-
nac 3a UCKJIOYEeHHEeM TOr'O, YTO FOPU30HTAJIbHBIN 3jIeMeHT He HaMarHu4eH, Kak
B KoMmmace. KoHIenTyaabHO, COCOOHOCTh TOPU30HTAJBHOIO JIEMEHTa CBODOJI-
HO BpaIllaThCA O3HAYaET, YTO OH OYEHb UYBCTBHUTEJEH K YPE3BBIYAHO MaJIbIM
BHEITHAM KPYTSIIUM MOMEHTAM U, CJIEIOBATEILHO, MOXKET OBITH MCIIOJIH30BAH
I ©X OOHapyXKEHUsl TOYHO TaKKe, KAK KOMIAc OOHADPYKMBAeT MarHUTHBIN
MOMEHT 3€MJIN.

B cocrosnun nokost oH OyZeT YKa3biBaTh B IPOU3BOJIHEHOM MOPH30HTAJIHHOM
HarpapJeHnn (OH MOXKeT yKa3bIBaTh B HampasseHnn BocTok-3amag, HanpuMep,
I B CTOPOHY JIepeBa).

3.2 IlpuroroBiieHme BepcopuyMa

Ecrb Tpu crocoba IIPpUTroTOBJIEHUA BEpCOpUyMa.

3.2.1 Bepcopuym mepBoro poja

Bepcopuywm nepBoro posma monoben Bepcopuymy ['mibbepra. Ero moxHO mocrpo-
WUTH IIyTeM 3aKPEIJIeHNs Ha, KECTKOM OCHOBAHUU UIJIBI, 3yOOUNCTKU WJIA TBO3/S
C 320CTPEHHBIM KOHYMKOM, HAITPABJIEHHBIM BBepX. OCHOBaHME JIOJIZKHO OBITH Tsi-
2KEeJIBIM WJIN IIPUKPEIJIEHO K CTOJIY, YTOOBI IIPEIOTBPATUTH [1a/IeHe HHCTPYMEH-
Ta. BepTuKaJIbHOI OIOPOIl MOXKET CJIy?KUTh MPOOKa ¢ OYJIaBKOIl, BEpTUKAJIBHO
CTOsAMIAs 3yOOUNCTKA B IUIACTUJINHE, WX TOHKAS JOCKa C I'BO3/eM. FauHCTBEH-
HOe TpeDOBAHME COCTOUT B TOM, UTO IMOIEPXKKA TOJPKHA OCTABATHCS HEIIOIBUK-
HOM 110 OTHOIIEHUIO K 3eMJle, B TO BpeMs KaK I'OPU30HTAJIbHBII 3JIEMEHT MOXKET
cBOOO/IHO ITOBOPAYMBATHCS B T'OPU3OHTAIBHOM IIJIOCKOCTH BOKPYI BEPTHKAJIb-
HO# ocu omopsl. IleHTp TOBUKHOTO TOPU30HTAJIBLHOTO IJIEMEHTA IMOKOUTCS Ha,
OCTpUE WUIJIBI.
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Bastcno ommemumo, wmo 0as npedomepaerus naderus nodsuircHol 4a-
cmu, ee yenmp magtcecmuy doAdHceH Ovbimb PACTONOINACEH HUIICE MOYKY ee KOH-
MaKmMa ¢ 360CMPEHHHM KOHYUKOM GEPMUKAALHOT onopyt. Tlompobroe 0bCy K-
nenue nenTpa Taxkecru (CG) U IKCIEPUMEHTAIbHbBIE IPOIEAYPhl JJId €ro Ha-
XOXKJIEHUST MOYKHO HalTH B KHUre Aprumed, yewmp masicecmu u nepeviil 3aKom
mezanuxu.

Hobutbcest, 9rodb C'G IOIBUAKHON 9aCTH HAXOIWUIICS HU2KE €€ TOYKH COIPU-
KOCHOBEHHUS ¢ OYJIaBKOM, MOXKHO HECKOJIbKUMHU criocobamu. Hampumep, moaBuK-
Has 9aCTh MOXKeT UMeThb (DOPMY IlepeBepHyTOil OyKBbI V| MM OHA MOYKET UMETh
1eHTp (HAXOJSIIMiCS B KOHTAKTE CO MITHIPEM), OTOTHYTHIH BBEPX TAKUM 0Gpa-
30M, YTO, KOIJIa OHA YCTAHOBJIEHA HA MITHMTE, KOHIUK MTAMTA PACIOJIOKEH HA/T
IJIOCKOCTBIO TOJABUKHON gacTu. [IpocTyio MoJBUKHYIO YaCTh MOXKHO ITPUTOTO-
BUTH W3 JIATYHHOW WJIM CTAJLHOU CKpernkw it Oymar. B stom ciydae Jrydime
BCETO BBIJABUTH CJIETKa IIEHTD KPyryioro ocHoBaumsi ckpenku. O6pasoBasiiee-
cs1 yroaybsienue OyeT onmpaThes Ha ocTpue mrudra. YTobbl COTHYTh CKPEIIKY,
MBI HCIIOJIB3YEeM I'BO3/Ib U MOJIOTOK, HO OCTOPOXKHO, CTAPasiCh He IIPOJIbIPIABUTH
CKPEIIKY, a JIUIIb COTHYTh ee ¢ oOpa3oBaHreM HeOOJIBIION siMOUKHU. Biaromapsi
9TOM FIMOYKE, MOJBUYKHAS JACTh OyJIeT MOJJIEPKUBATHCI HA KOHYMKE ITH(TA
6e3 cockaab3biBanus. [locme TOro, Kax mIedn CKPenkn OTOrHYThl BHU3 B (hopme
[IEPEBEPHYTOI ¢ HOI' Ha N0JIOBY OYKBBI V, CKPEIKY MOXKHO CaXKaTb Ha IITHQT.

[TonBrAKHYIO YaCTh MOXKHO ITPUTOTOBUTDH TAKXKe C IMMOMOIIBIO AJIOMUHUEBOM
HOJIOCKH (KOTOPYIO MOYKHO BBIPE3aTh M3 GAHKHU U3 101, 6e3aJIKOTOJIBHIO HAIIUT-
Ka), CyXOil COJIOMKH, JIEPEBa, TOHKOrO KAPTOHA WJIU KYCKa IJIACTUKA (KEeCTKast
[I0JIOCKA U3 IJIACTUKA). BaxKHo, 9T0ObI OABUKHAS YACTh UMeJa (POPMY Hepe-
BepHyTOil OyKBBI V. 2KecTKuil IracTUK TaK»Ke MOXKHO COTHYTb TaKuM 00pa-
30M, 9TOOBI IIJIEYUKU CMOTpesH BHU3. [lociie pa3mMerienust MOABUKHOM JacTu Ha,
ocrpue mTudTa, cieayer yoeIuTbCsl, 9TO OHa UMeeT TOJHYI0 CBOOOJy Bparre-
HUs 110 9aCOBOM M IPOTUB YACOBOH CTPEJKH B FOPU30HTAJIBHON IIJIOCKOCTH, 6€3
MIPOCKAJIb3bIBAHNS WJIM IPUJIAIIAHNS U3-3a TpeHus co mrudrom. Teneps npudop
TOTOB JIJIsT TIPOBEJIEHUsT IKCIIEPUMEHTOB.

Bepcopuym nepsoro poua uzobpazken na Puc. 3.4. B wacru (a) Mbl BuauM
6a3y s BepcopuyMa (B JAHHOM CJIydae UIOJIKa B IPOOKe M3 10 OYTHLIKH).
IMonsmkuas dacts mokazana ma Puc. 3.4 (b). B stoMm ciydae 910 crajibHas
CKPeIIKa, BHUJI CBEPXY U COOKY, C HEOOJIBIINM YIIIyOJI€HHEM B IIEHTPE U COTHYThI-
MU BHU3 IjlednKamu. [[0JIHOCTBIO COOpaHHBIN BEPCOPUYM, I IMEHTP CKPEIKU
[IOKOUTCsl HA KOHYUKe mrudra, nokazan ua Puc. 3.4 (¢).

3.2.2 Bepcopuym BTOpOro poja

Bropoit ctocob mpuroToBieHNs BEPCOPUYMa COCTOUT B IIPUCOETMHEHN OYIaBKU
K TOPU30HTAJBHON IOJIBUXKHON dacTu Bepcopuyma. Mbl OyjieM HasbIBaTh 3Ty
MMOJIBUKHYIO JaCTh ,IIIJISIIION", €6 MOYKHO IIPUTOTOBUTH U3 IIJIACTUKOBOM WJIN Me-
TaJINIECKOl TOI0CKU. BytaBka HaJIe?KHO 3aKPEIICHa B IEHTPE MUISIIbI, OCTUHE

OyJIaBKU TP 9TOM CMOTPUT BHU3. By/laBKa BpaIaeTcs BMecTe CO MUISIIKOA. DTa

8[Ass08a] u [AssO8b].
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Puc. 3.4: Bepcopuym nepsoro poga. (a) Ocuosanune Bepcopuyma. (b) Crasnbuast
CKperiKa, Buj cBepxy u c6oky. (¢) CobpaHHbLil BepcOpuyM.

cucTeMa 3aTeM PAa3MEIIAeTCs Ha HeDOJIBITON TOPU30HTAIBHON IIJIOCKOH MTOBEPX-
HOCTH, KOTOpas HEIO/IBUKHO 3aKpelljieHa 110 OTHOIIEHNIO K 3eMJle, KaK I'OJI0BKa
TBO3/IdA, HAIIPUMEP, TOPUAINEro n3 JepeBsaHHo Jocku uan mpodku. Ha Puc. 3.5
MBI BUMM H300pazkeHne BepcopuyM Takoro poza. (a) Ero ocHosanme B 1aH-
HOM CJIydae — I'BO3.b, 3a0uThiil B jepessunyio jnocky. (b) Iogsmxknas gactsb
BepcopuyMa B JIaHHOM Cjydae — II0JIOCKa W3 IIACTUKA MJIM MeTaJjljla C IIPU-
KPEIJIEHHOH K ee [eHTpy OyiaBkoii, ocrpueM Buu3. (¢) CobpaHHbIil BepcopuyM;
ocTpue OyJIaBKU IIOKOUTCS HA T'OPU3OHTAJBHOM ITOBEPXHOCTU T'OJIOBKU I'BO3/IS,
3a0UTOr0 HAIIOJIOBUHY B JEPEBIHHYIO JTOCKY.

[ [TeTT ]

/%\\
I

(a) (b) (©)

Puc. 3.5: BepcopuyM BTOPOro pojia ¢ KeCTKO NPUKPEIUIEHHOM K [IOIBUXKHOM Ja-
cru BepcopuyMa Gynaskoil. (a) Hemonenkuoe ocHoanue Bepcopuyma. (b) Ilns-
I1a BepcopuyMa (IJIACTHKOBAs WM METAJUINIECKasi [OJIOCKA) C IPUKPEIVICHHOMN
K Heii 6ysaBkoii. (¢) CobpaHHBI BEPCOPHYM.

Umobvl npedomepamums COCKANb3BEAHUE GEPCOPUYMA, UEHTD MAHCECTU
waanL ¢ 6yaaekoti caedyem pasmecmumsb Husice Konwuka 6yrasku. LlenTp Ts-
JKecTu OyJIaBKH HaXOonuTcsa B Touke A Mexkiy ee rosiopkoit H u xomuukom T
(Puc. 3.6 (a)). Kak npasuso, sTa Touka A Haxozurcs 6umxe K H, uem K T, X0-
TS 3/1eCh OHa M300pazkeHa OIM3KO K NMeHTpy Oynasku. LIeHTp TAXKeCTH MISIIbI
HAXOIUTCA B TOUKe B Ha ee BEpTHKAJILHONI OCH CHMMETPHH MEXKIY €€ BepXHeil
n mkaeilt gactamu (Puc. 3.6 (b)).

IenTp Tsi7KecTH Beeit MOABMKHON YacTn (Muisna u GyJIaBKa) STOTO BUJA BEP-
copuyMa HaxoguTcs B Touke C, Mexkty A, eHTp TsizKecTn OyJIaBKd, U B, nenTp
TsizkecTH nutAnbl. Kak 1mokasano Ha Puc. 3.7, ecTh Tpu BO3MOXKHBIX BapHAHTA.
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(a) (b)

Puc. 3.6: (a) Lenrp Tsikectn Gynasku naxoxurcs B Touke A. (b) Touka B —
HOJIOZKEHUE [EHTPA TAXKECTH IILISIIIBL.

(a) Ecsim GynaBka mmMeer TOT ke Bec, 4yTo W nuiana, o C' Gyjer mocepenune
mexay A u B. (B) Ecam GynaBka Tskesee mursanst, C' 6yger Oimxe Kk A. (c)
Ecou 6ynaska sierde nuisinet, C' 6yjer 6amxke K B.

X A X A X A
X C
X C
X C
X B X B X B

(a) (b) (c)

Puc. 3.7: Tlosoxenue nenrpa tsxkectn C MOABUXKHON YacTu BepcopuyMa. (a)
Bynaska n muisina ¢ oxunaxkoBeiM BecoM. (b) Bysaska Tsikesiee mnuisiubl. (c)
Bymnaska jrerde muisiel.

Ecin C' maxomurcs Bbimne, dem KOHUMK 1’ OysIaBKH, BepcopuyM OyieT co-
CKAKNBAaTh C I'BO3JS M HEBO3MOXKHO OyZeT cOAJAHCHPOBATH €r0 HAJl IBO3IEM.
[Ipuuuna B TOM, 9TO B 9TOI KOH(MUTYpPAIUN OJBUKHAS IaCTh BEPCOPUYMA Oy-
zerT B HeycTofiumoM pasHoBecun. Ha Puc. 3.8 (a) Mbl nmpomsunocTpupyem 1o
[IOJIOZKEHUE HEYCTOMYMBOrO paBHOBecus, rie meHTpasbHag Touka C (u3 Puc.
3.7) upejcraBieHa CUMBOJIOM X. B 9TOM ciydae X pacuosioxked Bbime T, B
KpaifHeM BepXHEM IMOJIOKeHUH. [IpearmosoknmM, 9To MOABUKHAS JACTh CJIErKa
OTKJIOHSIETCSI OT 3TOW HECTAOMJIBHOI'O IIOJIOZKEHUS, TO €CTh IOJBHM2KHAS YaCTh
OIIyCKAeTCsI HEMHOTO, TIOBAPAYMBAsICh 110 WU IMPOTUB YACOBOM CTPEJIKH B BEP-
THKAJILHOI IJIOCKOCTH BOKDYT KOHUYMKa 1 Oy/IaBKHU, CHUXKAsi TEM CAMBIM OJHO
ILUIEY0 ¥ MOMHUMAsT IPYToe. B 3TOM ciiydae IMEeHTD TsXKEeCTH X MOIBUKHON IacTh
OIYCTUTCsI HI2KE UCXOJIHOTO osIoKeHusi. [leHTp TsizkecTn J1i060it CHCTEMBI CTPe-
MUTCsI OIYCTUTHCS KAK MOXKHO HIUKE, KOIJa TaKasd BO3MOXKHOCTH CYIIECTBYET.
CuitetoBaTeIbHO, BEPCOPUYM IPOJIOIKUT BPAIIATHCS B HAIIPABJIEHUN 110 YaCOBOM
WJIU TIPOTHB YaCOBOM CTPEJIKHU, B PE3YJIbTATE MOJBUYKHAS TaCTh YIAJIET.

EnunacrBenHbIi criocod cOaaHCHPOBATD MOJBU2KHY O YaCTh HAJ[ TBO3IEM Bep-
COpUYMa COCTOUT B TOM, YTOOBI pa3MecTUTh ToUKy C' 1o/, KOHIUKOM T’ OysIaBKu.
1o nokazano ua Puc. 3.8 (b), rie cumBoioM X 0603HAYEHO [IOJIOXKEHHE [EHTPA
TSPKECTH MOJBIZKHON 1acTu BepcopuyMa (Bynaska BMmecre ¢ muisnoii). Koudn-
ryparys HaXOJUTCS B COCTOSTHUHM YCTOIYMBOIO PABHOBECH:, KOTJa X 3aHUMET
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caMoe HI3KOe TTOJIOZKEHNe, TO eCTh HiKe KoHunka 1 6yrnasku. B Takoit kondwury-
parnuu, Jo60e JBUYKEHNE BEPCOPUYMA IT0 9aCOBOI UJIH IIPOTUB YACOBOI CTPEJIKI
BOKDYT KOHYHKa 1’ OyJIaBKU, Oy/IeT IOBBIMIATH [EHTP TIXKECTH X 110 CPABHEHIIO
¢ ero mcxomHbIM mojoykenneMm. Cucrema BepHETCsi B UCXOJHOE ITOJIOXKEHUE 33
CYeT BOCCTAHABJIMBAIONIETO MOMEHTA CHJIBI IPUTSI)KEHUA K 3eMJIE.

(a) (b)

Puc. 3.8: CumBous x o6osHauaer 1eHTp Tskectu C' IOJBUKHOIM 9acT BEpCOpPH-
yMa (GysaBka ¢ o). (a) BepcopuyM BTOpOro pojia B HEyCTONIMBOM PABHO-
Becun (X pacnosioxken HaJ kKonunkom T Oysiasku). (b) Bepcopuym B ycroituusom
paBHOBECHH (X DACIIOJIOXKEH OJT KOHIUKOM 1).

WHorma TpyIHO MOJIYYNTh KOH(DUIYPAIMIO YCTONYNBOIO PABHOBECUSI C JIET-
KOIi TIOJIBV2KHOIN 9aCThI0, M3rOTOBJIEHHON M3 IJIACTUKOBOM COJIOMKHU. ITOOBI 13-
6exkaTh 3Ty MPOOJIEMY, MBI MOXKEM HUCIIOJIb30BATb OJIHY COJIOMKY BHYTPHU IPY-
ro#l COJIOMKH WA IIJIACTUKOBYIO TTOJIOCKY, N3TOTOBJIEHHYIO U3 IIJIOTHOTO U OoJtee
TSI?KEJION0 MaTepuasa, ¢ IeJIbI0 YPaBHOBECUTh Bec OysaBku. Jlpyroit ajbrep-
HATHBOI sIBJIsIeTCs] COKDAIEHNE TSKEeJOl BepxHel JacTu OyinaBKu (BKIIOUAst
FOJIOBY) C MOMOIIBIO ILUIOCKOTYOIEB, OCTABHB TOJBKO HUKHIOK YaCTh (BKIIIO-
vyas KOHYUK). BBl MOXkKeTe TakzKe OTOTHYTb ILJIEYH HIJISIIKA BEPCOPUYMA BHU3,
9TOOBI CHU3UTH IEHTP TAKECTHU, UJIU IPOCTO UCIOJIb30BATD MIISIIKA [TO/IJINHHEE.
Hpyroit anrbTepHATHBOM ABIsTETCSA 3aMeHa OyIaBKU HEOOIBITNM TBO3EM, ITPOXO-
JIATIIM 9€epe3 MeHTP MOOUIBLHON YACTH, WJIM IPUKJIEEHHBIM K ee TEeHTPY KjeeM
win miactuiinaoM. Korja cucrema roropa, ciieiyer yOeauTbCs, UTO IIJISIIIKA,
MOXKET CBODOJIHO BpaIaThCsl B 0O0UX HAIPABJIECHUSX B TOPU3OHTAIBHOM IIJIOCKO-
CTH BOKPYT BEPTUKAJBHON OCH, 6€3 COCKAJIb3bIBAHUs. HCJIU MIISIKA CKOJb3UT
BOOK, MOXKHO COAJIAHCHPOBATDH €€, OIYCTUB OJIHO ITJIeY0, WJIM YBEJUYIUB JIJINHY
COOTBETCTBYIOINIEro 1mieda. [Ipubop roToB i TPOBEIEHUST SKCIIEPUMEHTOB.

3.2.3 Bepcopuywm Tperbero poaa

Tperuit cmocod MPUTOTOBJEHUST BEpCOpUyMa, TOXKAIYl, caMmblii mpoctoit. JIs
MOOMJIBHOI 4YacTU MbI BbIOMpaEM IIOJIOCKY U3 MeTajlia, JIepeBa WA JIPYroro
MIOJIXOJISAIIETO MATEPHUATIA, W IPUKPEIISIeM XJIOMIATOOYMaXKHYO UJIH IIEJIKOBYTO
HATH K ee 1eHTpy. [losocka o/KHA OCTABATHCS B TOPU30HTAJIBHOM ITOJIOYKE-
HUU B COCTOSTHWM TIOKOSI, ¥ JIOJIPKHA OBITH 3aKPEIJIEHA B EHTPE. 3aTeM CJIeIyeT
[IPUBS3aTh BEPXHUI KOHEIN, HUTH K KAKOMY-TO OOBEKTY, KOTODBIIl 3aKperieH
HEIIOJBUXKHO 110 OTHOIIEHHWIO K 3emJe. [loiBuKHasi JacTb, MPUKPEIIEHHAsT K
HU2KHEMY KOHILY HUTH, MOXKET CBOOOJHO BPAIATHCsI 110 TOPU30OHTAJM B 0DOUX
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HAIIPABJIEHUAX BOKPYT BEPTUKAJIbHOU HuUTH. Puc. 3.9 miIiocTpupyer 3TOT THI
BEPCOPUYMA C TOJBMKHOI YaCThIO HAa BEPTUKAJBHON HUTH, KOTOpPas CBUCAET C
KapaHJIaIla ¥ TPOXOJUT Yepes3 IeHTP Ts?KeCTHU MOABIKHOI yacTu. [lepnenduky-
20 OpakacTopo, BEPOSTHO, ObLIT BEPCOPUYM TAKOI'O POJIA.

| >

Puc. 3.9: Bepcopuym Tperbero poja.

Bepcopuym Tperhero pojia uMeeT CBOWCTBO, KOTOPOE OTJIUYAET €ro OT JpPY-
rux AByX BUIOB. [lonBmKHAsT 1aCTh BEPCOPUYMa TIEPBOTO WM BTOPOTO PO/IA MO-
JKeT TOJILKO HAKJIOHSITHCS UJIH TOBOPAYUBATHLCSI BOKPYT CBOETO EHTPA, KOTOPDIH
0CTaeTcsi B COCTOSTHUU MTOKOsI OTHOCUTEIHLHO 3eMJId. BepcopuyM TpPeThero Tuna,
C JpYroil CTOPOHBI, MOYKET HE TOJBKO BPAIATHCS BOKPYI BEPTUKAJIBLHOU OCH,
HO MOYKET TaKKe IMePEMEIAThCS MEeJTUKOM KaK MasTHUK, KOTJa MPUTATUBAETCS
IPYTUM TEJIOM. DTO WMEET IPEUMYIIECTBO C TOYKHU 3PEHUsl YHUBEPCAJIbHOCTU
ero jBrkenusi. Tem He MeHee, MHOTJIA 9TO YCJIOXKHSIET aHAJIU3 ABJIEHUI, KOTO-
pble MBI XOTUM OIHUCATDH WX HAOIIONATE. B CIle Iy ox SKCIepUMEeHTaX MBI JIJIsI
HaYaJIa UCIOJIb3YeM TOJHKO BEPCOPUYMBI IIEPBOTO MJIA BTOPOTO POJIA.

IIpu dpurcrpoBaHHOM BHEITHEM MOMEHTE, IOABMKHAS IaCTh BEpcopuyMa Oy-
JIeT TIOBOPAYUBATHCS TEM JIerde, YeM MEHbIIE ee BeC. DTO O3HAYAET, UTO JIETKUN
BEPCOPUYM UMeeT 60Jjiee BBICOKYIO 1yBCTBUTEIBHOCTD, I€M TSKEJIBIN.

Xorsg 'mabbepT CTPOMJI TONBKO METAJIMIECKUE BEPCOPUYMbBI, OHH MOTYT
OBITH TPUTOTOBJICHBI U3 PA3IUIHBIX MaTEPHAJIOB: METas, IJIACTUK, TOHKUH
KapTOH, COJIOMKA, JepeBo U T.n. llepBoHadanbHO MBI Oy/ieM paboTaTh TOJBKO
¢ METAJUIMYECKUMU BEPCOPUYMaMU, KOTOPbIE MbI OyjileM Ha3bIBATh IIPOCTO BEp-
copuymbl. Korya KpyTsinasicst uryia n3roToBjIeHa U3 IIACTHKA, OyMaru uin Jpy-
rOT0 HEMETAJIIMIECKOrO MaTePUAJIa, Mbl OYIeM HA3bIBATH CUCTEMY IIJIACTUKOBBII
BepCOpUyM, OyMarKHBII BEpPCOPUYM, JIUOO JIPYTHM COOTBETCTBYIOIIAM HUMEHEM.
Takum 06pa3oM, MBI MOYKEM OTJIMYATH ITH BEPCOPUYMBI OT BEPCOPUYMa, KOTO-
PBIM TosIb30Basica ['misbepr.

3.3 DOKcnepmMeHTHI C BEPCOPUYMOM

OkcrniepumeHT 3.1

Mpb1 mosHOCHM HEATPANBHBIH IIACTUK K METAJUIMIECKOMY BEPCOPUYMY, He
kacasich ero. Huuero ue npoucxozur (Puc. 3.10).
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Puc. 3.10: (a) Merasmnyeckuii BepcopryM yKa3blBaeT B IPOU3BOJLHOM HAIIPAB-
JICHUU, KOTJIa OH HAXOJUTCS JIAJIEKO OT HeATpabHOro Kycka miactuka. (b) Bep-
COPUYM OCTaeTCd B IIOKOe, KOIJia HeHTPaJbHBIA IJIaCTUK ITOMECTUIN PAJIOM C
HUM.

Ms1 HaTHpaeM JIpPyroif KyCOK IUIACTHKa U MOBTOPSEM IKCIEPUMEHT. B sToMm
cIydae MBI BHJIMM, YTO METAJUIMYECKUl BEPCOPUYM MEHSET CBOIO OPHUEHTAITHIO
1071, BJIMSTHAEM HATEPTOrO IIaCTUKa, yKasbiBag Ha Hero (Puc. 3.11). To xke camoe
IIPOUCXOJUT C JIEPEBAHHBIM BEPCOPUYMOM U OyMaKHBIM BEPCOPIYMOM.

(a)

(b) (_Q)_J oy

Puc. 3.11: (a) Merajummyeckuii BepcOpUyM yKa3blBaeT B IPOU3BOJILHOM HAIIPAB-
JICHUH, KOIJIa OH HAXOJIUTCs JAJEeKO OT HarepToro kycka macruka. (b) Korma
IUTACTUK HAXOJUTCS PsIOM, BEPCOPUYM OPUEHTUDPYETCH K HEMY, yYKa3bIBas BCE
BpeMs B HAIIPABJIEHUU ILJIACTUKA.

DTOT IKCIIEPUMEHT IMOKA3BIBAET, YTO HATEPTHINA ILJIACTUK BJIASIET Ha OJIn3-
JIexKaIye Teja, KaK Mbl BUjien 3T0 B dkcnepumenTe 2.1. Ho ects jBa cymie-
CTBEHHBIX OTJIMYUS MEXKJIy STUMH IBYMs 3SKcrepumeHnTamu. llepoe oTimtame
3aKJ/II0YAETCS B TOM, 9TO B 3KcrepuMenTe 2.1 Kkycku Oymaru gsuraiuch. B man-
HOM K€ IKCIIEPUMEHTe BEPCOPUYM MEHseT TOJILKO HallpaBJIeHue, a ero IeHTP
OCTaeTCsI B COCTOSTHWH TIOKOsT HaJl mTudToM. BTOpoe oTiinmvme 3akjiodaeTcs B
TOM, YTO IIPUBECTHU B JBUKEHIE BEPCOPUYM Jierde, ueM Kycouku oymaru. To ectb
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HEKOTOpbIE HATEPTHIE 00BEKTHI HE MOTYT IIPUBJIEYD JerKue Tesa K cebe. Tem me
MeHee, 3TU 2Ke O6'])€KTI)I MOr'yT nepemMeniaTb Uil BpallaThb MeTaJIJINYeCKne Bep-
copuyMbl. BepcopuyM siBJIsteTCsI JIYUIIUM JIETEKTOPOM CJIaboil 3JIeKTpu3aliuu, B
CpPaBHEHWU C KyCKaMu OyMaru Ujiu COJIOMKO#. ['mibbepT ucmosib308as1 3Ty MOBbI-
MIEHHYIO IyBCTBUTEJHHOCTH, YTOOBI OOHAPY?KATH MHOTO HOBBIX JIEKTPUIECKUAX
BEIIECTB, T.€. TeJI, KOTOPbIE TI0CJIe TPEHUS MOTYT MPUBJIEYb WA TOBOPAIUBATH
JIpYyTHE BEIIeCTBa, MOMEIIEHHBIE PSIJIOM ¢ HAMMU.

T'uis6epT ommcas BepCOPUYM CJIeYIONM 06pazom:”

Teneps, 4TOOBI YE€TKO MOHATH U3 OIbBITA, KAK TAKOE MPUTIAKEHIE
IIPOMCXOJUT, X YTO ITO 32 BEIECTBA, KOTOPbIE TAKIM 00Pa30M IIpU-
BJICKAIOT JpyIue Teja (& B CJIydae MHOTUX U3 ITUX JIEKTPUICCKUX
BEIIECTB, XOTs TeJja II0J[ UX BJIUAHUEM CKJIOHSIOTCH K HUM, HO HU3-
3a C1aDOCTH TIPUBJIEYEHUS OHU JIAIIb CJIETKA MIPUMIOJHIUMAIOTCS, HO
HE OPBITAIOT HA HEX), Clesaiite cebe UIly-BepTymKY (3IeKTPOCKOIL
— sepcopuym) U3 J0O0r0 PoJa MeTallia, TPU MM YeTbipe ajlb-
I1a JUINHOM, TOBOJIBHO JIETKYIO M HACaKEHHYIO Ha OCTpUe Haloiooue
MarauTHO# crpesku. [lomHecnre GJIM3KO K OJHOMY €€ KOHITy KYCOK
AHTAPs WX JPArolleHHOI'O KaMeHd, CJIETKa HAaTepPThIi, MOJIMPOBaH-
HBII U OJIECTAIINN: HHCTPYMEHT CPa3y HAYMHAET OBOPAUUBATHCS.

CioBO asexmpockon B 3Toi nuraTe ObLIO BBegeHO MOTTHIIEH B €ro aHrIuii-
ckoM miepeBojie paborsl ['misbepra. OHO He MOSABIISETCS B OPUTMHAJIBHOM Jia-
THHCKOM TEKCTe, TJIe HCIOIb3yeTcs TOILKO CJI0BO 6epcopuym.t? CioBo snexmpo-
cKON He TIOSIBJISIIOTCS 1 B IrepeBoje Tomrcona kuuru I'misbepra.'! Morrmeit
HCIIOJIB30BaJI CJIOBO ,3JIEKTPOCKOI Jijisi 0003HAYEHUs] WHCTPYMEHTa, KOTOPHIA,
Gs1arosiapsi CBoeil opueHTaIu, ObLI B COCTOSIHUM OOHAPYKUTHb OObEKTHI, BEILY-
e cebst KaK sTHTaph [IOC/Ie TPEHHs. JAEKMPOCKOn STO 0bIIee Ha3BaHue JTF000T0
YCTPOICTBa, 00JIAIAIONIEr0 JIOCTATOYHON IyBCTBUTEIHHOCTHIO, YTOOBI OOHADY-
JKUTH CHJTy WJIM KPYTSIIA MOMEHT JIEKTPUIECKOro mponcxoxpenust. OHaKko
B 9TOII KHUTE MBI OCTaBJIsIEM UM QJIEKTPOCKOII CllemuaJIbHO JIJIsI UHCTPYMEeHTa,
KOTOPBI 06cy)aercs B paseie 6.1.

Mpb1 umeeM Terepb BTOPOI KPUTEPHUil JIJIsi OIIPEJIEJIEHNUsI, sIBJIS€TCS JIX ILIa~
CTUK, WJIU JIIOOOU JPYTroil MaTepHasl, AeKMPUYECKU HetumparvHbuim. 1lepBoril
KpuTepuil ObLI IpeICTaBIeH B 9KcIepuMenTe 2.1, a UMEHHO, OTCYTCTBUE IIPUTSI-
JKEHUs JIETKUX TeJl. BTOPhIM KpUTepueM sBJIS€TCsA OTCYTCTBHE IIOBOPOTa METAJI-
JINYECKOI'O0 BEPCOPUYMa, KOIJa STOT MaTEePUAJI IIOMEIIAETCS PsIOM C OIHUM U3
wred. B ciemyronux skcnepuMenTax HaM He0OXOIUMO UMETh OHY HEeATPaIbHY IO
IUTACTUKOBYIO COJIOMKY WJIM JIMHEHKY, KOTOpas He IMPUBJIEKAET JIETKUe Tejia, U
HE MMOBOPAYUBAET METAJINIECKUE BEPCOPUYMBI. DTa COJOMKA WJIH JIMHEHKa HU-
KOIJ[a He JOJ2KHA IIO/IBEPIaThCs TPEHHIO, TaK KAaK OHA OyJIeT HCIIOJIb30BAaHA B
Ka4yecTBe HAIlEro CTaHIApTa JIEKTPUIECKU HEATPAJIBLHOIO COCTOSTHUS.

®pakacTopo He OIUCcaJ, KaK OH U300peJi IePIeHIUKYJI0, KOTOPBII MTOSBUJICS
1o BepcopuyMma 'minpbepra. Mbl MOXKEM TOJIBKO JOTaIbIBATHCS, KAK OH CIEJIAJ

9|Gil78, crp. 27—28].
10[Gil00, crp. 48—49 u Tnoccapuii| u [Hea67].
1Gil00, cTp. vj u 48—49] u [Heab7].
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970. OCHOBHO# TEJIBIO €ro KHUTH ObLI0 m3ydenne Marmetrnsma. OH Takke XO-
TeJI IIOHATH NPUHIUIINAJIBbHOE PAa3JINYne MeXK/Yy IPpUTAKEeHueM dHTapd U IIpU-
TSKEHUEM eCTeCTBEHHOI'O MarHuTa. BO3MOXKHO, OH ITOTEP KYCOK SIHTSIPsI, YTOOBI
MIPOBECTHU JIEKTPUIECKHIT SKCIIEPUMEHT, U CJIyIaiiHO 3aMETUJI, YTO OH CIIOCOOEH
TaK)Ke BPAIaTh CTPEJKYy KoMmiaca. [[oCKOIbKy sSHTaph He 00J/IajaeT MarHUT-
HBIMU CBOICTBaMU, HATEPTHII WJIM HET, OH JOJI?KEH OBbLI 3aKJII0YUTH, YTO IIOBO-
POT CTPEJIKA KOMIIaca OBbLI OOYCJIOBJIEH JIEKTPUYECKUM IIPUTSKEHUEM, aHAJIO-
TUYHBIM TPUTS2KEHUIO JIETKUX TeJl HaTepThIM siuTapeM. [lociie wero morira Bo3-
HUKHYTDb UJed IPUTOTOBUTHL METAJIJINYCCKUE UNJIBL 110 aHAJIOTUYA ¢ MArHUTHLIMUA
CTpeJIKaMu, TOJIPKO HeHaMarumdexnubie. OHU Bpamiaanch Obl B HAIIPABJICHUN HAa-
TEPTOro KyCOUKa SIHTaps, HO HE B CTOPOHY MarHuTa (IPHU yCJIOBHU, YTO UIJIBI
ClleJIaHBI M3 Menu Win cepebpa, a He W3 keqe3a wian crann). OH MOr TakuMm
06pa30oM CO3JIaTh MEPBBIN NCKYCCTBEHHDBIM UHCTPYMEHT JIJIsT U3YICHUS IJICKTPH-
4eCTBA.

dkcnepuMmeHT 3.2

Mp! TOHOCHM MATHUT OJTU3KO K BepCOpUyMy. Mbl BUINM, ITO TOJIHLKO BEPCO-
PUYMBI, U3TOTOBJIEHHBIE U3 CTAJIM, YKeJjie3a, HUKeJIsl UId APYrux (hpeppoMarHuT-
HBIX MaTepUaJjoB, MOBOPAYMBAIOTCA K MArHuUTy. BepcopmyMbl, H3rOTOBJIEHHBIE
W3 IPYTUX MATEPHUAJIOB, HE MMOJIBEPXKEHBI BJIMAHAIO MAaruuTa. Mbl Takke BUIUM,
9TO HEKOTOPBIE METAJLIbl, KAaK MeIb W AJIOMUHUM, He IOIBEPXKEHBI BIIMSHUIO
marauTa. To ke camoe mMeer MecTO Ijist GOJIBIIMHCTBA BeriecTs (ByMara, ia-
CTHUK, JIEPEBO W T.1I.)

DTOT IKCIEPUMEHT IT03BOJISET OTJIMYUTH MATHUTHOE B3aUMOIEHCTBIE OT JJIEK-
TPUYECKOTO, KAK MBI JI€JIAJIN 9TO PaHbIIle ¢ SKciiepuMeHTaMu 2.6 u 2.7, HO Tenepb
¢ 6oJIbIITel TOYHOCTHIO.

3.4 MoxKHO JIn IPUTOTOBUTH KapTy paclipe/iesie-
HUS JIEKTPUYIECKOI CUJIbI?

MokHO Jin KapTOorpadUpOBaTh IEKTPUIECKYIO CHUITY, JEHCTBYIOYIO Ha HATEP-
Toe mracTukoBoe Teso? MoxKeM Jiu MBI TIPeJCTaBUTh 3PUMO, B KAKOM WMEHHO
HaIPaBJICHUN JIJIMHHAS HATEPTas COJIOMKA OyJ/IeT MPUBJIEKATH JIUCTOK ITOMEIIe-
HOIt psijioMm 6ymaru? B arom pasmesie Mbl OTBETUM Ha 9T BOIPOCHI.

B crenyromux sKcriepuMeHTaxX MbI MOXKEM HCIIOJIb30BATH JINOO HECKOJIBKO
BEPCOPUYMOB OJIHOBPEMEHHO, JINOO OJIUH BEPCOPUYM, KOTOPBII pa3MeIaercs mo-
O4YepesIHO B PA3HBIX TOYKAX BOKPYT HATEPTOr'O TeJia JJIA KarKJIOr0 IKCIEPUMEH-
ta. Ha ciemyromux pucyHKax mpeacTaBiieH CIydail ¢ NCIIOIb30BAHNEM HECKOJIb-
KHX BEPCOPUYMOB OJHOBPeMeHHO. Jlydie Bcero ucroabp30BaTh HEOOIBIHE Bep-
COPUYMBI C HEDOJIBIIUMHI CKPEITKAMHE ITOBEPX OyIaBOK. DT OyJIaBKU MOYKHO IIPU-
KJIETIUTh K HECKOJLKUM MPOOKaM, WM Ke K JOCKEe M3 IMEHOILIACTa B KAIeCTBe
o0Imero Jijist Bcex OCHOBaHWs. Mbl HauHEM PabOTy € UCIOJb30BAHMEM TOJIBKO
MeTaJUIMYeCKUX BEPCOPUYMOB.

Oxkcnepument 3.3
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MpbI 10JTHOCUM HEHTPAJIBHYIO COJIOMKY K BE€PCOPHYMAaM, HUYErO HE IPOWC-
xozuT. MBI HaTHpaeM KOHYUK JPYTOil IJIACTUKOBOW COJIOMKHU, U Pa3MeIaeM ee
TaK, 9YTO HATEPTHIl KOHYMK HAXOJWTCS HA TOI 2Ke BBICOTE, UTO W ILIOCKOCTH,
00pa30BaHHbIE HECKOJIBKUMU BEPCOPUYMaMHU Ha, CTOJIE. 3aMETUM, YTO OHM II0-
BEPHYJIMCh U YKA3bIBAIOT B HAIIPABJIECHUM K HATEPTOMY KOHUMKY cojomku (Puc.
3.12). Ha sToMm pucynke IeHTpaJbHBIA Kpyr ¢ O6ykBoil F' yKaspiBaeT Ha HaTep-
TBIi KOHYMK COJIOMKHU. BJIMsiHEEe HATEPTOIl COJIOMKH IIPOCTUPAETCS MPUMEPHO
Ha 10 cM. BoJiee orjiajieHHble BEPCOPUYMBI HE UCIBITHIBAIOT BUIMMOIO BJIUSIHUSI
COJIOMKH, TIOK& MBI HE TIOJHECEM UX OJIMKe.

—o— (F) =o—

Puc. 3.12: Pacmosoxxennbre 0JIM3KO BEPCOPUYMBI OPUEHTUPYIOTCST HA HATEPTHII
KOHYHUK IIJIACTUKA.

OpueHTalym, yKa3aHHbIE BEPCOPUYMAMHU, [IPEJICTABIISIOT HAIIPABJIEHUS JIEK-
TPUYIECKON CHJIBI, JEHCTBYIONIEl CO CTOPOHBI HATEPTOTO IIACTUKA. 1O ecTh, ec-
JIN €CTh KYCOYKH OyMaru B MECTaX PaCIOJIOKEHUS BEPCOPUYMOB, U €CJIA CHJIA
NPUTAKEHIUA HATEPTOU COJOMKH ABJIACTCA JOCTATOYHO CUJIbHOU, OpUEHTAIUNA
BEPCOPUYMOB yKa3bIBAIOT HAIPABJIEHUS JBUKEHUsI KYCKOB OyMaru B CBSI3U C
[IPUCYTCTBHEM HATEPTOrO ILUIACTUKA. JTO O3HAYAET, YTO OHU OYIyT paJiMaibHO
IPUTATUBATHCA B HAIIPABJICHUU K HATEPTOMY KOHYUKY.

Bepcopuymbl B 9TOM 9KCIIEpUMEHTE BBIIOJHAIOT (DYHKIIAIO XKEJIE3HBIX OIIH-
JIOK BOKDPYT IIOCTOAHHOI'O MAarHuTa, YKa3blBasg HAIIPABJICHUA MATHUTHBIX CHJI,
JEeHCTBYIOMIAX CO CTOPOHBI MArHuTa Ha APYyTHe MAarHATHBIE IIOJIIOCA, WJIA HA Ma-
JIEHbKHE KYCKH 2KeJjie3a.

DkcnepumeHnT 3.4

AmnajlornaHbie 9KCIEPUMEHTHI MOYKHO IIPOBECTH JIJI PA3IMIHBIX KOHMUTY-
panuii. Hampumep, MOXKHO HATEPETH IJIACTUKOBYIO COJIOMKY BJIOJIb €€ JJIMHDI, U
IIOCTABUTDH €€ B BEPTUKAJIBLHOM IIOJIOXKEHUU Ha IOJICTaBKe W3 ILJIACTU/INHA. Pac-
[IOJIOYKEHHBIE PSJIOM BEPCOPUYMBI OYJIET YKa3bIBATh B CTOPOHY COJIOMKH.

MozkHO Tak:Ke Jep:KaTh HATEPTYIO COJIOMKY B TOPU30HTAJIBHOM ITOJIOYKEHUH,
3aKpenuB ee Ha KOHINax. OKoHYaTebHAS KOHMUTYDPAIMs BEPCOPUYMOB B 3TOM
cydae BBIIVIAAAT Kak 1okas3ano Ha Puc. 3.13. BosapmninmcTBo BepcopuyMoB Oy-
JIeT yKa3bIBaTh B CTOPOHY HATEPTOIO IJIACTUKA, B TO BPeMsl KaK BEPCOPUYMBI,
KOTOPBIE HaXOJATCs OJIMKe K ee KOHYUKaM, OYIyT yKa3bIBATh HA 9TU KOHYUKH.
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Puc. 3.13: OpueHTaliiust BepCOPUYMOB B CTOPOHY T'OPU30HTAJIBLHO PACIIOJIOXKEH-
HOI COJIOMKH, KOTOpas Oblja HaTepTa IO BCeil ee JJIMHE.

OkcniepumenTt 3.5

Tenepsb MOBTOPUM 9TU SKCIIEPUMEHTHI C UCIIOTH30BAHUEM JIBYX HATEPTHIX CO-
JIOMUHOK, CTOSIINX BepTUKaJbHO. KoHdurypamnust BepcCOpuyMOB JJIsd STOTO CIIY-
qag nokazana Ha Puc.3.14. Kpyru ¢ 6ykBamu F' 0003HAYAIOT HATEPTHIE YIACTKHI
COJIOMKH, KOTOPBIE HAXO/IATCS HA TOM K€ YPOBHE, 9TO U BEPCOPUYMBI. DTa KOH-
durypanysi yKasbBaeT Ha BEKTOPHYI CyMMY MOMEHTOB CHJI, JEACTBYIOIIUX CO
CTOPOHBI KaXKJ0W IIJIACTUKOBOM COJIOMKHU Ha BepcopuyMbl. Cji0yKeHre BEKTOPOB
10 MIPABUWJIY MAPAJLIEIOTPAMMA JTAeT PEe3yJIbTUPYIOMN MOMEHT.

Puc. 3.14: Opuenrariuss BepcOPUyMOB IO, BO3IEHCTBAEM IBYX HATEPTHIX ILJIa-
CTHKOBBIX COJIOMOK.

Wcropuueckuii uaTEpec npejcrapiser ToT Gakt, 9To ['uapbepT He UCIoJib-
30BaJI BEPCOPUYM C TIEJIBI0 KapTOrpahupOBaHUs JIEKTPUIECKON CHJIBI, KAK MBI
IeraeM 9TO 37ech. Ho OH HMCIOIB30BaJl HAMATHWYEHHBIE CTPEJIKM KOMITAaca C
1eJibio KaprorpadupoBanusi MAarHUTHOH cmiibl marauTta. Ha Puc. 3.15 mbr mo-
Ka3bIBAEM PE3yJIbTATHI, MOJyIeHHbIE UM JJIsI [MJINHPUIECKUX U C(HEePUIeCKUX
MarauTos. 2 CdepuuecKuii MAIHAT OPHEHTHPYET KOMIIACH! AHAJOTHMYIHO OPHUEH-
Taluu KOMIIACOB Ha IIOBEPXHOCTU 3€MJIM, KOTOpPbIE YKa3bIBAIOT Ha CEBEPHBII

12[Gil78, cTp. 10 u 82].
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¥ I0KHBIM MArHUTHBIE TOJIOca. Jpyrumu ciioBaMu, Majblit chepudecknii Mar-
HUT MMeeT JIBa I0JIFOCA, KOTOPBIE MIPEJICTABJISIIOT COOON TOYKHU HA MTOBEPXHOCTHU
cepbl, BOJIM3KM KOTOPBIX CTPEJIKA KOMITACOB IIPUHUMAIOT HEPIEHIUKYIISIPHOE K
MMOBEPXHOCTHU CPephl TOJIOXKEHNE, YKA3bIBas B HAIPABJICHUU K IEHTPY CQEpHI.
Mo>kHO HAHECTH MATHUTHBIE MEPHJMAHBI HA MOBEPXHOCTH 31Ol cdepbl. OHu
MIPEJICTABIIAIOT COOO0# OKPYKHOCTH, COEUHSIOIIIE STH J[Ba MOJIIOCA, IEHTPHI KO-
TOPBIX COBIAJIAIOT C MEHTPOM cdepbl. MaruuTHBIN 9KBATOP 3TO OOJIBINON KPYT,
IUIOCKOCTh KOTOPOT'O MEPIIEHINKYJ/ISIPHA IPSIMON JIMHIM, TPOXO/ISIE Yepes mo-
jgioca. LIeHTp MarHUTHOrO 3KBaTOpa COBIAJAET C IEHTPOM cdephl. ['mindbepT
HCITOJTH30BAJI 9Ty AHAJOTUIO MEXKJIy IMOBEIEHHEM MAaJIeHHbKUX KOMIIACOB BO3JIE
HEOOJIBIITOr0 HAMATHUYIEHHOIO IIapa U MTOBEJECHHEM HOPMAJILHBIX KOMIIACOB HA
MOBEPXHOCTU 3eMJIN B KAYECTBE aPI'yMEHTa, ITO 3eMJIs 110 CYyTH SIBJISIETCST OTPOM-
HbIM MarauToM. C IIOMOIIBIO 9TO MOJIEIN MYy YIaJI0Ch O0bICHUTH OPUEHTAIIIIO
OOBIYHBIX KOMITACOB, KOTOPBIE IMMUPOKO KUCIIOIL3YIOTCS B HA3EMHOI HABUTAIIAU.

)

i
|

Y

Puc. 3.15: KaprorpadupoBanne MaruuTHON cuiibl ['miib0€PTOM C TIOMOIIBIO Ha-
MATrHUYEHHBIX UIJI, PA3MEINEHHBIX PSAJIOM C [MUJIUHJAPUICCKUM U ChepruIecKuM
MarauTamu. ITosroca chepruyeckoro MarHuTa paciioioXKeHbl B Toukax A u B.

3.5 Ectb qm neiicTBue 1 IpOTUBOIEICTBUE B dJI€K-
TPOCTATUKE?

o cux mop MbI BUJIEJIH TOJBKO, KAK HATEPTHIil SHTapPb, U HATEPTHIH IJIACTUK,
[PUTSATUBAET JIETKUE OOBEKTHI W IMOBOPAYMBAET BEPCOPUYM. 3J€Ch MBI OyiIem
aHAJIU3UPOBATH OOPATHBIN POITECC.

OkcnepumeHt 3.6

HelTpaibHy0 MIACTUKOBYIO COJIOMKY IIPMBOJNM B KOHTAKT CO CTEHKOW U
ornyckaem ee. OHa manaer Ha 3emuto (Puc. 3.16 (a)). Mbl HaTupaeMm JIpyTryio
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COJIOMKY TIO BCeil JIJTMHE TOCPeICTBOM OyMaru Wi BOJIOC. 3aTeM IPUBOJIUM ee B
KOHTaKT CO CTE€HKOI 1 OTIIyCKaeM. Mgur BUJIUM, 9TO OHa IIPUJIUIIaEeT K CTE€HE U He
[ajaeT o JeficTBIHeM CUJIbl TPaBUTAIMOHHOrO npuTsikernst 3emin (Puc. 3.16
(b)). Tor ke a3pdheKT MOKHO HABJIIOIATD, €CJIU IIPUBECTU €€ B KOHTAKT C OKOH-
HBIM CTEKJIOM, METAJIJIMYECKOl MeOebi0 WM MIKOJBHON TocKoit. OHa MOXKeT
MPUWINIHYTh JIa’kKe K MOTOJIKY!

(a) (b)

Puc. 3.16: (a) HeitrpayibHast IJIaCTHKOBasT COJIOMKa I13JaeT Ha 3eMJIIO IIOCJIE Bbl-
cBoboxenus. (b) IlimacrukoBast cosloMKa, HaTepTas 110 BCejl JInHe, He 11a/1aeT
IIOCJIE€ BHICBOOOKICHNUS U JIEPIKUTCS Ha, CTEHE.

DTOT IKCIEPUMEHT TaKKe MOXKHO HCIIOJIb30BaTh, YTOOBI yOETUThCsI, 9TO CO-
JIOMKA XOPOITIO HA3JIEKTPU30BaHa. K oHa IpUINIaeT K CTeHe [MOCJIe TPEHNs,
OHA XOPOIIIO HadJIeKTpru3oBaHa. Eciin 0Ha CKOJIB3UT WJIN MAIA€T Ha 3EMJIII0 BCKO-
pe 1ocsie BHICBOOOXKIEHUST, 3HAYUT OHA CJ1ab0 HAJIEKTPU30BaHA. BOIBLITMHCTBO
IKCIIEPUMEHTOB B 3TOM KHUTE Oy1eT paboTaTh, €CJIM Mbl OYEM I0JIb30BAThCS XO-
POIIIO HA3JIEKTPU30BAHHON ILJIACTHKOBOM COJIOMKO#. DTOT TECT CO CTEHKON MOXK-
HO HCIIOJIb30BATH, YTOOBI OOHAPYKHUTH MATEPUAJIBI, KOTOPBIE MOTYT YAEPKUBATH
60JIBIIIOE KOJIMIECTBO IJIEKTPUIECTBA, & TAKXKE JJIs HAXOXK/IEeHUsS Hanbosee -
dEeKTUBHDBIX CIIOCOOOB IIEKTPU3AIN TpenneM. Hampumep, B KaKOM C/Iydae MbI
[IOJIyIMM OOJIBIIIE DJIEKTPU3AIAN: HATUPAsi COJIOMKY BOJIOCAMU, JIACTOM OyMaru
WIN TIOJIUITUIEHOBBIM TAKETOM? DTOT TECT CO CTEHKOH JTaeT OYeHb IOJIE3HBIM,
MPAKTUYHBIA U IIPOCTOI CIIOCOD MMPOBEPUTH JIEKTPUBAIMIO TIJIACTUKOBOM COJIOM-
KH.

WNuorpa narepras COJIOMKa He NPUJINAIIAET K CTEHE, JIaXKe IIOCJIe MPOIOIKI-
TEJILHOTO U HEPTUYHOTO TPEHUs. DTO MPOUCXOIUT, KaK MPABUJIO, C INIOTHBIMH,
TSIZKEJIBIMU COJIOMKaMU. B 5TOM ciiydae, BeC COJIOMKU IIPEBOCXOJUT JIEKTPUIe-
CKYIO CIIy U CUJTy TPEHUSI MEKJIy HaTepTOil COJIOMKO# 1 cTeHKoil. B pesymbrare
COJIOMKA TIA/IAeT Ha 3eMJII0. B momobHOM ciIydae, CaeayeT 3aMeHUTb COJIOMKY Ha
0oJiee TOHKYIO U JIETKYIO.

Tot ke TecT MOXKHO IPOBECTU C KYCKOM IIaKeTa U3 ILIACTUKA, BMECTO CO-
JioMKHU. HefATpaJibHBIi KyCOK MOJIMITHIEHOBOI'O ITaKeTa [1a/1aeT Ha 3eMJII0 I0CTIe
KOHTAKTa CO CTEHKO# u BhICBOOOXKIeHus. C Ipyroil CTOpOHBI, HATEPTHI KYCOK
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IJIACTUKOBOT'O MTAKETA IPUJINIAET K CTEHKE U JIOJTO JIEPKUTCS Ha Hell.
OKkcriepuMeHT 3.7

Taxkoit ke IKCIIEPUMEHT MOXKHO IIPOBECTH C HAJYTHIM DPE3UHOBBIM IIAPOM.
Korma MBI Kacaemcsi CTEHKHU IMapoM M OTILyCKAaeM €ero, map IaaeT Ha 3eMJIIO.
Temepb MBI TpeM 1ap 0 BoJiochl. MbI KacaeMcst CTEHKN HATEPTHIM yIACTKOM BO3-
JIYIITHOTO TIIapa U OTIIyCKaeM ero. Ecjim oH XOpoIo HadIeKTPU30BaH, OH ITPUJIHII-
HET K CTEHE MOCJIe BBICBOOOXK IeHNUsI. UTOOBI 9TOT IKCIEPUMEHT OBIT yCIIEITHBIM,
map CJaeyeT MOTePeTh SHEPTUIHO HA, OOJIBIIIOM YIaCTKE €ro MOBEPXHOCTH.

Bce 310 0uenn mpocrbie 9KCIIEPUMEHTHI, HO Pe3YJIbTAThl JOBOJILHO HHTEPEC-
uble. VIHOTIa COJTOMKA MOXKET OCTaBaThCs HA CTEHE B TEUYEHUE HECKOJbKUX MU-
HYT, WIK JIaKe Jaca. JKCIEPUMEHTHI IOKA3BIBAIOT, 9YTO HATEPTAas COJIOMKA IIPH-
TATUBAETCS K CTEHE U MOTOJIKY. Harepras coloMKa IPpUTATHBACTCS PA3TATHBIMU
BelllecTBaMU: MaTepuaJl CTEHbI, CTEKJIO, METaJJI, JIepeBo U T.JI.

OkcniepumenTt 3.8

Terreps MBI TPOBEZIEM HECKOJIBKO SKCIEPUMEHTOB C IJIACTUKOBBIM BEPCOPU-
yMOM BTOPOro pojia. MbI HadHeM ¢ HERTPAILHOTO BEPCOPUYMAa, KOTOPBII CBOOOI-
HO BPAI[A€TCs B 00OMX HAIIPABJIEHUSAX BOKPYT BEPTUKAJIBHON OCH, IPOXOIATIEI
gepe3 ero 1eHTp. Mbl MoJHOCHM HECKOTBKO O0BbEKTOB OJIN3KO K OJTHOMY U3 TLIE™
BepcopuyMa. OOBEKTOM MOYKET CJIYKUT aJIel], MeTaIINIeCKast JIOKKa WU IIPO-
BOJIOKA, JIEPEBSIHHBIN MAMITYD JJIsl MAILIBIKOB, JIUCT OyMaru W KyCOK TKAHH.
Kaxkmoe Teo mogaOCHTCS OIM3KO K BEPCOPUYMY OTJIEJHHO OT BCEX OCTAJIBHBIX.
Bepcopuywm He pearupyer, T0O ecTb ero opuenTanus e mMensercs (Puc. 3.17).

(@

(b)

Puc. 3.17: HefirpanbHblil IIaCTUKOBBII BEPCOPUYM HE IIOBOPAYUBAETCH, KOTIA
aJIer; WM KyCcoK Merasuia (Jepesa, OyMarn WM TKAHU) MOJHOCATCS BIM3KO K
OJHOMY U3 €r0 ILJIeH.

Teneps MBI HATHPaEM OIHO U3 ILIEY IJIACTHKOBOTO BEPCOPUYMAa JILCTOM Oy-
Mard Wid TKaHbIO, ¥ HOJHOCHM I1aJier] (KyCOK JIepeBa, KyCOK MeTaJlia) OJIU3KO
K HaTepToMy Iiedy. B 9TOT pas Mbl BUANM, YTO HATEPTOE ILIEYO BEPCOPUYyMA
Pa3BOPAYMBAETCS B CTOPOHY ITPUOJINKAIOIIETOCT 00bheKTa, KaK MoKa3aHo Ha Puc.

3.18.
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Puc. 3.18: (a) IlnacTUKOBBIH BEPCOPUYM YKA3bIBAET B NPOU3BOJIHHOM HAIIPAB-
JICHUW, KOTJa OH HAXOJIUTCs JAJIeKo OT Jepesannoro mamiypa. (b) Hareproe
IJIeY0 IIJIACTUKOBOTO BEPCOPHUYyMa OPHUEHTHUPYETCA Ha DPACIIOJIOXKEHHBIN PAIOM
JIePEeBAHHBIN NIAMILYD.

ODTOT IKCIEPUMEHT MOKA3LIBACT 3(PDEKT, OOPATHBINA TOMY, UTO MbI HAOJIIO-
nanau B dkcrepumente 3.1. Panbpine HaTepTHIl KYCOK IIJIACTHKA MOBOPAYUBAJI
MeraJundecKuii BepcopuyM. Tenepb Mbl BuJuM, 4To naJieln (KycoK JepeBa Wiin
MeTaJlJIa) OPUEHTUPYET HATEPTHIN [IACTUKOBBIA BEPCOPUYM.

B HEKOTOpPBIX Cirydasix, IJIACTUKOBBIN BEPCOPUYM, KOTOPBI He ObLI CIeIu-
AJIbHO IIOJIBEPIHYTh TPEHUIO, IPUTITUBAETCS MAJBIEM Wil JucToM Oymaru. Kak
MBI y2Ke YIIOMUHAJIM, 3TO CBA3aHO C T€M, YTO MHOIIA IIPOCTO 00PabOTKA TIJIACTH-
KOBOT'O BEPCOPUyMa MOYKET IIPUBECTU K €r0 JIEKTPU3AIUH. DTO MPU3HAK TOrO,
9TO IJIACTUKOBBIN BEPCOPUYM HA CAMOM JIeJie He sIBJISIETCS HeUTPAIbHBIM; CKOPee
BCEro, OH IpUOOPEsI HEKOTOPBIN OCTATOYHBIN IJIEKTPUIECKUIT 3apsii B IIPOIIECCE
pabotsl canM. JleficTBuTEeIbHO HERTPAJIbHBIE TIJIACTUKOBBIE BEPCOPUYMBI — 3TO
Te BEPCOPUYMBI, KOTOPbIE W HE MPUTITHBAIOTCA U HE MOBAPAYUBAIOTCA STUMU
00bEKTaAMU.

OkcriepumeHTt 3.9

B skciepumente 3.8 Mbr HAOIIOMAIN, KAK TTOBOPAINBAETCS IJIACTHKOBLIN BEP-
COpUYM, HO €ro IEHTP OCTABAJICS [P STOM B HEIIOJIBI2KHOM cOCTOsiHUN. JIydrmm
CIrocoboM HAOJTIO/IEHNST TTPUTSIPKEHUST METAJLJIOM HATEPTOrO ILJIACTUKOBOIO TeJIa,
sIBJIsIeTCsT PaboTa ¢ TPeTbUM BHJOM BepcopuyMa (CM. pasues 3.1), HO Tenepb
IPUTOTOBJICHHBII U3 IJIACTUKA — TO €CTh IJIACTUKOBAas IIOJIOCKA, MOJBEIIeHHAS
B ee cepeJInHe IIeJIKOBO MJIM HeMJIOHOBOI HATHIO. UeM Jierde mojiocKa, TeM JieT-
4ge oHa OyzeT nBuUraThes Kak neoe. C Ipyroit CTOPOHBI, OHA He JIOJIXKHA OBITh
CJIUIIIKOM KOPOTKOM, TaK KaK MbI JIOJKHBI HATEPETHh €€ BOJIOCAMH, JIUCTOM Oy-
Maru Uju TKaHbio. [l1acTukoBast co/loMKa MpeKpacHo paboTaeT Kak BEPCOPUYM
TaKoro pojia, OGsarogapsi ee OOJIBINON JIMHE W MaJjioMy Becy. Ecim nogxocTn
PYKY, JIUCT OyMaru wjim METAJLUINIECKYTO IUIACTHHY OJIN3KO K TAKOMY HEATPAJIb-
HOMY BEPCOPUYMY, HUYEr0 3aMETHOI'O He IIPOUCXOJIUT.

Teneps TpeM MOJOBUHY [IJIACTUKOBOIO BepCOPUyMa (TO eCTh OHO JIMIIb I1J1e-
90), BUCSIIErO HA IMIEJKOBON MM HEHI0HOBON HUTH. [IOBTOPHO MBI MOIHOCHM
pPyKy OJim3ko K Bepcopuymy. MOXKHO Tak»Ke IMOIHECTH JIMCTOK OyMaru, jepe-
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BSIHHBIN MIAMIIYD HJIM METAJUIMYECKYIO IJIACTHHY OJIM3KO K Bepcopuymy. Ternepb
y2Ke HATEPThIH TLIACTUKOBBII BEPCOPUYM HE TOJILKO MOBOPAYMUBAETCA K ITOMY
npubIMKAaIIEeMycs 00bEKTY, HO KaK IieJioe JBHKeTcs K Hemy. To ecTb Ha Hero
IeiCTByeT KakK Pe3yJIbTUPYIONNI KPYTSIUii MOMEHT, TAK W PEe3yIbTUPYIOIIast
CUJIA, ITO U BEJIET K €ro IMPUTHKEHUIO MPUOJINKAIONAMCS 00 bEKTOM.

DTOT IKCIEPUMEHT SBJIFAETCS B OMPEJIETEHHOM CMBICIE OOPATHBIM IO OTHO-
mennio K skcrnepumentam 2.1, 2.3 u 2.4. 3xech Mbl HabIIOMAEM OyMmary Win
METAJUIMIECKYIO TIJIACTUHY, KOTOpas MPUTATUBAECT HATEPTHIH KYCOK ILJIACTHUKA.
B ciryuae ¢ skciepumentamu 2.1, 2.3 u 2.4, HEBO3MOXKHO ObLIO HAOJIIOIATH WU
O0BOHAPYKUTDH MOJ00HOE JefiCTBIE, TIOCKOJIbKY IIACTUKOBAs COJIOMKa (JIMHEHKa,
pacuecka) Obla TOpa3io TszKejee, 9eM JIMCTOYKU OyMaru U Jpyrue MeJKHue
npeamversl. Kpome Toro, pyka 4ejoBeKka He JOCTATOYHO YyBCTBUTEHHA, YTOOBI
0OHAPYKUTH HEOOJIBITIOE YCUIIE, OKa3bIBaeMOe KyCOUKaMu OyMaru Ha IJIaCTUKO-
BYIO COJIOMKY HJIU pacdecKy. B skcepumenTax 3.8 u 3.9 y HAC €CTh HHCTPYMEHT
¢ Topazzo OoJIbIIel 1yBCTBUTEIBHOCTHIO. DTO CBA3AHO C TEM, YTO BeC IPOOHOIO
resa (B JAHHOM CJIydae IJIACTUYECKas I0JI0CA BEPCOPUYMA) YPABHOBEIIUBAECT-
cst peakiueit ormopsl. 1IocKOJIBKY BeC MIACTUKOBOIO BEPCOPUYyMa COAIAHCHPOBAH
APYTO#l CUJIOi, TO TOPa30 Jierde yBUJIETh I OOHAPYKUTH €0 BPAIeHHe UJIN
OOKOBOE JIBU2KEHUE TI0JI BJUSHUEM BHEITHErO BO3JIEHCTBUS.

DxkcnepumenT 3.10

Tor dhaxT, 9TO IEKTPUIECKHU 3aPAKEHHOE TEJIO MPUTATUBACTCS HAXOISIIHI-
MUCSI PSAZIOM TesiamMu (Tajer, KyCoK JepeBa WM KyCOK MeTAJIa), ObLI UCIOb-
zoBan Cruserom I'peem (1666—1736) B 1720 rosy 1Jist IONCKOB HOBBIX 3JIEKTPU-
YECKUX MATEPUAJIOB (TO €CTh MATEPUAJIOB, KOTOPbIE BEAYT cebs KAK SHTAPD).

I'peit HATHpPas Onpe/ie/IeHHBbIE BEIECTBA, MPOILYCKas MEXKy MajblamMu. 3a-
TeM OH MPOBEPsI, TPUTATUBAIOT JIM TAJIEIl WJIN JPyTHe TBEP/ble Teja ITU Be-
mecTBa Ha OJM3KOM OT HUX PACCTOSHUU. MBI IMIUTUTPYM 37eCh ero pabory ¢
ONICAHUEM SKCIIEPUMEHTOB, KOTOPBIE MOYKHO JIETKO BOCIIPOM3BECTH: 3

Habsronast HEOHOKPATHO B 3JIEKTPUYECKUX IKCIIEPUMEHTAX, IIPO-
BEJIEHHBIX € [HATEPTOf| CTEKJIAHHON TPYOKON U IyIIUCTHIM [IE€POM,
MIPUBS3aHBIM K KOHILY MAJICHBKOH MMAJ09KN, ITO MOC/I€ IPUTAKEHUS
€r0 BOJIOKOH K TPy0e W TOCJIEMYIONero yaaaeHus: [TpyOku|, 6osb-
IIMHCTBO U3 HUX TSIHYJIOCh K MAJIKe, KaK OyZITO OHO [myrmmcroe mepo|
OBLIIO JIEKTPUIECKUM TEJIOM, KaK €CJIH Obl KAKOe-TO JIEKTPHIECTBO
IIepeIaJIoCh MMajIKe WM Iepy; 3TO HaBEJIO MeHs Ha MBICTb, HE MOXKET
JIN TPUTSKEHNE Tepa K MOUM HAJIbIIaM IIPOU3BECTH TAKOM Ke -
dekT gepe3 mpuobpeTeHne KaKOro-TO KOJUIECTBA DJIEKTPUTIECTBA.
DTO yIaI0Ch MOJATBEPAUTE IIPU MEPBOIl YKe TOIBITKE — MaJIEHbKHUE
MyIHACTBIE BOJIOKHA IIepa OKOJIO €r0 CTBOJIA IPUTATUBAJINCH K MOEMY
[aJIbIly IpU IPUOIINKEHUN K HeMY: [...] 3aTeM s penmi npoBepuTh,
HE MOTYT JI BOJIOCHI 00JIa/IaTh TEM Ke CBOMCTBOM, B3SB OJIMH BOJIO-
COK U3 MOEro IapUKa, U MPOIYCTUB €ro 3 mwin 4 pa3a MeXIy MOMMHI

13[Grab, cTp. 104—106].
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HAJIbI[AMHE, MM, TOYHEE, MeXKJly OOJIBIINM H yKa3aTeJbHBIM Ia/lb-
DaMM, 1 BCKOp€ HallleJI, YTO OH IPUTAT'NBAECTCA K MOEMY IIaJIbILy Ha
paccrosuun mosigoiiMa [1,3 em]; [...].

Jo6uBIIMCh TAKOTO yCHexa B 9TUX [9KCIIEPUMEHTax|, sl mepemres K
GOJIBITNM KOJMIECTBAM ITUX YKe MATEPUAJIOB, B BIJIE KYCKOB pUOOaH-
Ja Kak rpyboro, Tak M TOHKOIO IEJIKA HECKOJIbKUX IIBETOB, M OOHA-
DPY2KWIJI, ITO, BB KyCOK TOT'O WJIM JIPYTOrO JIJIMHON OKOJIO TIOJIOBUHBI
sipia [45 cM], u, yaep:kuBasi KOHEI[ B OJHOI PyKe, U MPOIyCKasi ero
MeXK 1y OOJIBIIAM M yKa3aTeIbHBIM IaJIbIIaAMU JIPYTOil PYKU, OH IIPU-
oOpeTraer 3JIEKTPUYECTBO, TAK 9TO, €CJIM MOJHECTH PYKY OJU3KO K
HIZKHEMY €r0O KOHITY, HAOJ/IIO[IAeTCs MPUTSKEHNE Ha PACCTOAHUU D
mm 6 moimos [13 mim 15 cM|; HO B HEKOTOPBIX CIIyvasiX 3JeKTPHU-
4ecTBO ObLIO TOpasfo ciiabee, YeM B JAPYTUX CIydasX, 10 IPUIUHE,
s1 TIPEJITIOJIOXKUII, 9TO PUOOAH ] BO3MOXKHO BIIMTAJ B ceOsl HEKOTOPBIE
BOJ[HBbIE YACTHIIBI M3 BJIAYKHOI'O BO3J/yXa, B UeM s yOeausics, KOraa
ctydail TIOJBEPHYJICS IJIsi 9TOTO; OO KOT/a s XOPOIIO TOI0TDEBA
pubbang Ha KOCTPe, OH BCErJa CHJIBHO IIPOSIBJISII SJIEKTPUIECKOE
CBOICTBO.

3.6 ®abpu um Boilsib OTKPHIBAIOT IJIEKTPUUIECKOE
B3amMo/ielicTBIe

DkcrepumenThl 3.6 — 3.10 umeror oueHb BakHOe 3HadeHUe. OHU TOKA3BIBAIOT,
9TO CYIIECTBYET B3aMMOJEHCTBAE MEXKJy HATEPTHIM ILIACTUKOM U OOBEKTAMHU
BOKpPyT Hero. HaTepTolil IiIacTUK MPUTATUBAET 9TU OOBEKTHI, & OHU B CBOIO OYe-
pe/ib IPUATATUBAIOT HATEPTHIN mIacTuK. [ masbepT He ITPOBOMAUI IKCIEPUMEHTHI
C HATEPTHIM BEPCOPUYMOM U3 FHTAPs UJIHU JIIOOOr0 APYTOro JIEKTPUIECKOrO Be-
mecTBa (T.e. BEIEeCTBa, KOTOPOe BejleT cebsl Kak sTHTaphb). DTOT (HaKT, BO3SMOXKHO,
c11ocoOCTBOBAJI €r0 OIMMUOOYHOMY YOEXK IEHHUI0, ITO He ObLIO HUKAKOI'O B3aMMHO-
ro JeCTBUsT MEXK/Ty HATEPTHIM SSHTAPEM M OKPY2KAIOIIIMU IIpeaMeTaMu. TaKyto
2Ke omubOYHy 0 TOUKY 3penus npunsim xuposamo Kapaano (1501—1576) no
I'misbepra, a takxke H. Kabuo (1596—1650) mocsre I'mianbepra. Tem me Menee,
BCe OHU OBLIM XOPOIIIO OCBEIOMJIEHBI O B3AMMHBIX JIECTBUSX MEXKLy JIBYMs Mar-
HATAMU, WA MEXKJIy MArHUTOM M KYCKOM Kejie3a. J[jist Toro 4robbl oxapakre-
pU30BATh 9TO B3aMMHOE MArHUTHOE JieiicTBre, [ Map0epT BBEJI TEPMUHBL COUTNUE
WIA CAUAHUE, & I JIEKTPIUIECKOTO BO3AEHCTBUS OH YIIOTPEOJISII TEPMUH NPU-
maotcerue.*

Teneps MBI 3HAEM, YTO IEKTPUIECKOE JIEHCTBHE TOXKE HOCUT B3AUMHBIN Xa-
paKTep, IIO3TOMY OHO MOXKET OBITh OXapaKTEPU30BAHO BBIPAKEHHEM 2AEKMPU-
yeckoe 63aumodeticmeue. JIEKTPUIECKOe B3anMOJIEIICTBIE OTHOCUTCS KaK K pe-
3yJILTUPYIOIEH Cuie BO3AEHCTBUSA OIHOrO 00beKTa Ha JPYroi (3acTaBjsis UX
JIBUTATHCS OTHOCUTEIHHO 3€MJIM), U PE3YJIbTUPYIONIEMY KDYTSIIEMY MOMEHTY,
OKa3bIBAEMOMY OJHHMM OOBEKTOM Ha ADPYroil (3acrapBiss UX [HOBOPAYUBATLCSI

14[Gil78, cTp. 26 u 34] u [Hei99, cTp. 174—182].
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orHocHuTeIbHO 3eMin). Korja Mbl roBopuM 00 3JI€KTPUYECKON CuJjle, CJeiLyeT
[OMHUTH, ITO HE TOJHKO 00beKT A mpuBiekaer 00beKT B; HO TakKe 00beKT
B npusnekaer 00beKT A B IPOTHBOIIOJIOKHOM Halpasienun. Kpome toro, ec-
Jin 00BEKT A NefiCTBYET ¢ 3JIEKTPUIECKUM MOMEHTOM Ha 00beKT B; obbekT B
Oyzer JeicTBOBATEL ¢ MPOTUBOIOJIOKHBIM KPYTSIIUM MOMEHTOM Ha 00beKT A.
Ecmu 06bekT A cTpeMuTCs MOBEPHYTHCS 10 YaCOBOU CTPEJIKE TIOJ, BIIMSHUEM
obbexkTa B, To B 6yeT, Kak IpaBuUIO, TOBOPAYUBATHCS B HAIIPABIEHUN TPOTUB
JaCOBOI CTPEJIKY 10| BiusgHueM A.

[lepBbIMU, KTO OOHAPYKUJI, YTO JIEKTPUIECKOE JIEHCTBHE €CTh B3aUMHOE
JieficTBrE MEXKJIy HATEPTBIM sIHTApeM U 00beKTaMu BOKpYT Hero, Obin Onope
Dabpu (1607—1688) B 1660 (Puc. 3.19) u Pobepr Boitnb (1627—1691) B 1675
romy (Puc. 3.20).'

Puc. 3.20: Po6epr Boiins (1627—1691).

15[Hei99, cTp. 195—205].
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@abpu crasr wieH-KoppecrnoHaenToM Akajiemun jesb Cumento B 1660 rofy.
Cpenu wienos Akanemun 6pumm I A. Bopesum (1608—1671), Buruenno Busna-
uu (1622—1703) — yuenuk lanunes (1564—1642) — u @. Penn (1626—1697/8).
Omna 6buIa ocHoBaHa B 1657 roxy u npocymiectBoBaiia 10 jer. Paborsr Aka-
nemun, oryunBiime Hazpanne Cazu min Ouepku, ObLn omyOuKoBaHbI B 1667
rojy. VlcenemoBanust 3JIeKTPUIECTBa, IPOBEIEHHBIE B 9TOM AKajieMun, HAYAINCh

B 1660 romy. Cpenu ee JIOKJIaI0B Mbl HAXOJUM CJIEIYIOIINE KOI\/IMeHTapI/II/I216

OOBIYHO IPUHATO CAUTATH, UTO AHMAPHL TPUBJIEKAET TEJIbIA K cebe;
HO JIefiCTBHE Ha CAMOM Jlejie 83aumHoe, IIPUHAJIEYKAIEe B PABHOMN
CTENeHN KaK K AHMap10, Tak U K MePEMeIaeMbIM TeJlaM, K KOTOPBIM
OH CaM IPUTIATUBACTCS.

Cormnacuo Xe#tji0poHy, aKaIeMAKA YCTAHOBUJIA ITO C MOMOIIBIO TOJBEIIEH-
HOTO HA HUTHU WA PA3MEIIEHHOrO Ha OIOpe KyCKa HATEPTOro surapsa. fAHTapb
TOI/a, COTJIACHO aKaIeMUKAM, ,,CJIeTKA CKJIOHSIJICS K T€M TeJIbI[aM, KOTOPbIE TaK-
Ke NPonopuuoHaAbHO PEATHPOBAHN U JIETKO MOIIUHSIINCH €ro Bbi3oBY:. B ToMm
ke roy Marastiorru (1637—1712) ounposepr Bozzpenus Kaouo; Kabuo orsepra
B3AMMHEI XapaKTep 3JeKTPUUeCKHX B3amMmojeiicrsuit. Maragortu rosopur:'”
,,JETO B3TVISIIIBI OIIPOBEPTAIOTCS OMBITOM, MO0 ambra versoria cilelyeT BCeM TeJiaM,
npezcraBieHabiM emy”. CormacHo Xeitiopony, Maragortu mostyaui 31y uagop-
manuio ot ®abpu. [Ipeapiaymme nokmaasr Axkagemun meab CHMEHTO TaKKe IIpU-
Hasexaan Pabpu, corsiacHo Xeiiopony. CyIecTByer pyKOIUCh, COIepKaIast
YEePHOBUKHU Pa3jiesia CCe MO JIEKTPUIECTBY, B mucbMe Pabdpu, rie yrmoMuHaeT-
Csl, 9TO ,,KYCOK CBODOJHO IOJIBENIEHHOIO HATEPTOIO Cypryda TSHETCS K JIPYTUM
resam®.'® 13 3TuX yTBepXKIEHMUIT SICHO, UTO 3TH SKCIepHUMeHThl Pabpu GbLIn
HECKOJIBKO ITOXOXKHU Ha T€, YTO IIPEJCTABJIEHBI B pas/ese 3.5, IJie Mbl HCIIOIb30-
BaJId HATEPTHI IJIACTUK BMECTO HATEPTOrO sIHTAPsl WU HATEPTOr'O BOCKA.

Boiib mpescraBui cBon pe3ybTATHI 110 M3YYEHUIO B3AMMHOIO JEHCTBUS
MEKJy HATEPTBHIM SHTapeM U Ojm3jexkamumMu oobekTaMu B 1675 romy. OH, BO3-
MOYKHO, y3HAJ 00 3ToM u3 coobirennit Padbpu, WM BO3MOKHO OH OOHADPY KU
9TOT @aKT CaMOCTOATEJIBHO. HO €r'o MHEHUIO, AHTapb HU3JIydYaeT MaTepuaJJibHOe
HCIIapeHne, KOTOPOE sIBJISIETCS ITPUIUHON IPUTSI?KEHNS JIETKUX TeJl, BO3MOXKHO,
B CHJIy TOT'O, 9TO WCIAPEHUE SIBJISTETCS JIUITKUM U SJIACTHIHBIM.

Yro KacaeTcs NMPUTAKEHUsI, OKA3bIBAEMOT'0 sHTAPEM, OH HAICAJ CJIEyIO-
mee:

To, uro HET 0COOOTO POACTBA MEXKTY FJIEKTPUKOM U TEJIAMHE, Ha KOTO-
PbIe OH BO3JIeHCTBYET, OIIPEIEIIAIONIEr0 JIEKTPUIECKOe IPUTAXKEHNE,
KaxKkeTcs 00Jiee BEPOSITHBIM, IIOCKOJIBKY STHTAPb, HAIIPUMED, IIPUBJIE-
KaeT He TOJIbKO OlIPeJIeJIeHHOI'O Pojia TeJla, KaK B cIydae ¢ MarHuTOM
7 KeJIe30M, HO U Te TeJja, [Jie OH N300MIyeT; OJIHAKO, HACKOJIBKO s

16|Hei99, crp. 201]

17[Hei99, ctp. 201].
18|Hei99, crp. 202].
19[Boy00, crp. 515].
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MOT'Yy CYJIWTBH, OH MPUTIATHBAET BOOOINE Bce Teja 6e3 pas3bopy, Ha-
XOJIATIIAECST HA JTOCTATOYHO OJIM3KOM PACCTOSTHUM OT HErO (KaK MOt
OTOOPHBIN KyCOK STHTapsi IIPUTSATUBAET HE TOJIHKO IIECOK ¥ MUHEDAIb-
HBIE TIOPOIIKH, HO W ONUJIKA U3 CTAJU U MEJHU, U JakKe KOBAHOe 30-
JIOTO) / UpU YCJIOBUM, YTO OHHM MaJibl WJIM JOCTATOYHO JIETKHE, 34
HCKJTIOYEHUEM, TTOYKATIYH, OTHS.

B apyroM MecTe MbI HAXOMUM KPUTHUECKU BaXKHBIH YPOBEHb HOHIMAHM: 20
Mpb1 HAITH SKCIEPUMEHTAIBHO, ITO SHEPIUYHBIN U XOPOIIIO BO30Y K-
JEHHBIN KYCOK SHTaps OyIeT NPUTATUBATH, HE TOJHKO ITOPOIIOK STH-
Taps, HO TakxKe OoJiee KpyIHbIe ero ¢gpparmMenTsl. I, Kak BO MHO-
TUX CJyYasX OJIHA BEIlb BEJET K JIPYTOMY, TaK K€ 3TOT OIBIT Be-
JeT K APYromy, 9To, B CJIydae ero ycrexa, BePOSTHO, MOXKHO OyeT
YTBEPXK/IATb, YTO B JIEKTPUIECKOM MPUTSKEHUH HE TOJBKO UCTA-
PEHUA UCIYCKAIOTCS SJIEKTPUIECKAMHU TEJIAMH, HO 9TU MUA3MbL PAC-
MIPOCTPAHSAIOTCS Ha, TEJIA, KOTOPhIE TIO/IBEPKEHBI TPUTSIKEHUIO, TTPHU-
9eM TaKUM 00pa30M, UTO IIPOMEKYTOUHBIE BI3KHUE CTPOKH, KOTOPHIE,
BEPOSITHO, COCTOAT U3 ITUX JIMIIYUIUX MUG3M, KOTJA WX ArUTaIUs
MIPEKPAIAETCs, CXKUMAIOTCS UJIU BBIHYKJIEHBI COKPAIIATHCS ¢ 00enx
KOHIIOB, HAIIOZ00WE CUJIBHO PACTSHYTON HPY?KUHBI JIIOTHE, KOTJA €€
OTIIyCKAIOT U Pa3pPEeNIaloT eil COKPATUTHCHA [0 MEHBIINX Pa3MEPOB.
Ho BbLiBUHYTE Takyio TUIOTE3Y OBLIO TOPA3/I0 JIerte, YeM MTPOBECTH
9KCIIEPUMEHTHI JIJIsi €€ TpoBepKu. V160 MbI OOHAPYKUJIU, UTO COBCEM
HEJIETKO IIOJIBECUT IJIEKTPUK, OOJIBIION U TOCTATOYHO SHEPIUIHBIH,
TaKUM 00Pa30M, 9TOOBI €r0 MOYKHO OBLIO B TIOBENIEHHOM COCTOSTHUI
BO3OYIUTH U PACHOJIOXKATH TaK YJIA9HO, YTO MU3EPHAS CHJIA, C KOTO-
pOit OH MPUTATUBAET TeJbIA, ObLJIA B COCTOSHUN ITPUBECTU B JIBUKE-
HEe caMo TeJjio neaukoM. Ho 1mocsie HecKOJIbKUX OeCILIONHBIX TIOIbI-
TOK C APYTUMHU JIEKTPUKAMU, sI BOCIIOJIB30BAJICS OUE€Hb SHEPIUIHBIM
KYCKOM IIOJIMPOBAHHOTO SIHTAPs, PAHEE YIIOMSHYTOrO, U KOI/Ia MBI C
IIOMOIIHI0 HEMHOI'O BOCKA IIOJIBECHJIA €0 Ha IIIeJIKOBOW HUTH, HAM
VAaJI0Ch O9€Hb XOPOIIO OTOT'HATh OJWH M3 €TI0 TYIIbIX KpaeB K CBOE-
ro poja 60JIBIIOI MUH-TIOYIIIKE TOKPBITON MpPsIAb0 Ipy0boil YepHOit
MIEPCTH, & 3aTeM TOIHEC/IH JJIEKTPUK, KAK OBICTPO MBI MOTJIH, YTOOBI
3aUKCUPOBATH, HECMOTPSI Ha TO, ITO OH BUCEJI HA KOHIE CBODOIHO
nonBenrennoit autu. K sTomy crocoby TpeHus Ha KPAao sSHTAPS MbI
npubersu Mo 6ojiee WeM OHOI TpuduHe; MO0, €Cau ObI MBI TEPJIH
ITIOCKYIO CTOPOHY, STHTAPh HE MOT MOJIONTH K TEJTy, KOTOPBIM €r0 Tep-
Jin, 63 BHECEHNSI U3MEHEHUII MeCcTa BO BCEM 3JIEKTPHUKE, U, UTO €IIe
Xy2Ke, 6€3 TOro, 4ro0bl OH (IPOTUB IPUPOJIBI THAKEIIBIX TeJI) HECKOJIb-
KO TIOJHSIJICA BBEPX; B TO BPeMs KaK SHTapb, B CHJIy TOTO, UYTO OH
[IO/IBEIIIeH, B YaCTSAX yPABHOBENIEHBIX JIPYT APYrOM; YTOOBI 3acTa-
BUTH BO30YKJEHHDLIN Kpail MOAXOMUTh K JPYrOMy TeJy, dTOT Kpaii
He 00s13aTeJIbHO JIOJIXKEH TOJHUMATHCS, HO TOJIBKO I€PEMECTUThCS

20[Boy00, cTp. 516].
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POPHU30HTAIBHO, KAKOBOE JIBUYKEHUE BeCa JIEKTPUKA (KOTOPOro HUTh
YZ€PKUBAJa OT MepeMeIeHns BHI3) MOYKET ObITh OCYIIECTBIIEHO C
MaJIbIM, WX J1aKe 0e3 BCIKOro conpoTubjieHusi. VI B coorBeTcTBUN
C 3TUM MBI HalllJIA, YTO, €CJIM, KaK TOJIbKO XOPOIIIO HATEPTHIA 1 01~
BEIIEHHBI 3JIEKTPUK JJOCTUT PABHOBECUHA CAaMOCTOATEILHO, MbI IIPH-
JIO?KUJIN K HATEPTOMY Kpalo, HO He KacadcChb ero, yIOMAHYTYIO BBIIIe
MIOJIYIIKY, KOTOpasi, 0 IPUYHHE ee Irpy0oil 3acmpoliky U MOPUCTO-
cTH, ObLIA TPUTOJIHA JIJI BIUTAHUS JIEKTPUIECKUX | ucnapenud,
Kpail SBHO OTTAJKUBAJICsI B CTOPOHY OT (DMKCUPOBAHHON IOJIYIITKH,
7 €CJIU ee MeJJIEHHO YJAJISATh, OH HEOTCTYITHO CJIEJIOBAJI OBbI 3a Heif;
7 KOIJIa 9TO TeJIO OOJIbIe HE YIEPKUBAJIO €ro, OH BEPHETCsS B IIO-
JIOKEHUE, KOTOPOe OH 3aHMMaJj paHbine. V 3Ta cuija NpuTsKeHus
K TOJyTIIKe, OJIarojaps JIeHCTBUIO CBOMX COOCTBEHHBIX TApOB, ObLIa
HACTOJIbKO KMBYYEil B HaIlleM HEPIMYHOM KYCKe sHTapsl, 4TO OJI-
HaXKJ[bl 3apS/IUB €r0, si OBLI B COCTOSIHUU 3aCTABUTH €r0 CJIEI0BATh
MIOJIYIIIKY HE MEHbIIe, YeM JCCATh WM OJUHHAIIATDL Pa3.

Oxcnepuments Pabpu u Boitis mokazaim, 9To He TOJIBKO HATEPTHINH THTAPD
OPHEHTHUDPYET U IPUBJIEKAET JIETKHe 00bEKTHI, JIPyIHe 00bEeKTHI TaKyKe OPUEHTH-
PYIOT U IIPUBJIEKAIOT HATEPTHINA STHTAPb U HATEPTHIN cypryd. VX sKcrepuMeHThbI
JMaMeTPaJIbHO IIPOTUBOIOJIOXKHBI Hab it teHnsiM D pakacTopo, KOTOPhIE MbI BH-
nemm B paszene 3.1. @pakacTopo momBecusi HEOOJIBINNE KYCOUKU STHTApS U Ce-
pebpa Ha CBOEM HEPIEHANKYJIO M OTMETHJI, YTO OHU IPUBJIEKAJN JAPYToil KyCOK
[IO/IHECEHHOT'0 K HUM HATEPTOrO siHTaps, Kak mokaszaHo Ha Puc. 3.2. ®abpu u
Boitn, ¢ apyroit cTOpoHbI, OTMEYaJIN, 9TO HATEPTHIA SAHTAPD, MOIBEIICHHDIN Ha,
HUTH, [IPUTSTUBAJICS U OPUEHTUPOBAJICS JIPYIUMU OObEKTAMH, IIOMEIEHHBIMUI
psJIOM ¢ HUM, KaK MMoka3aHo Ha Puc. 3.21.

(a)

(b)

D

Puc. 3.21: (a) Hareprolit Kycok siuTaps, obo3nadenublii 6yksoit F', Bucur Bep-
TUKAJIbHO, KOTJ[a OH HAXOIUTCS JAJIEKO OT JIo6oro HeidrpasbHoro oobekra. (b)
HarepTslit Kycok stHTapst F' IPUTSTHBaeTCs: OIM3KO ITOHECEHHBIM HEHTPAJIbHBIM
TEJIOM.

OTO OUYeHb BayKHOE (bI/I3I/I‘IeCKO€ OTKPbITHE. Omno ITIOKa3bIBaeT, YTO €CTb ,aeﬁ—
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CTBUE W IIPOTUBOJIENCTBHE B 3JIEKTPOCTATHKE. 10 €CTh, CyIIeCTBYeT JIeKTpHe-
CKO€ B3aMMOJIEHCTBHE MEXK/Iy HATEPTHIM OOBEKTOM U OJIU3JIEKAIIUMUA O0bHEK-
Tamu. HaTepTelil 00beKT OKa3bIBaeT YyCUINE U KPYTANINI MOMEHT Ha COCETHUE
HefiTpasibHble 00bEKThI. VM 3T 06BEKTHI, B CBOIO O4Yepe/[b, OKA3bIBAIOT IIPOTH-
BOIIOJIOXKHYIO CHJIY W IPOTHBOIOJIOXKHBI BpaIAIOMNWi MOMEHT Ha HATepPTHIi
O0OBEKT.

B 1660 u 1675 ®abpu 1 Boitr npuium K SKCIIepUMeHTAIbHOMY BBIBO/LY, YTO
B JIEKTPUYIECTBE CYIIECTBYET JICHCTBHAE U IPOTUBOACHCTBHE. DTO OBLIN TOJIHKO
Ka4deCTBEHHBIE JJOKA3aTeIbCTBA, KAK B ONMCAHHBIX B JaHHOM pa3fese SKCIepH-
veHTaX. OHN HE MEPHUJIN CIITY, NCXOJSIIYIO OT SHTAPs, WJIH TPOTUBOIIOIOKHYTO
CHILY, JEeHWCTBYIONIYIO CO CTOPOHBI OKPYZKAIOIIIX TeJl.

3.7 HbIOTOH U 3JIEKTPUYECTBO

Kak mbr Bumenu B pasnaene 3.6, mexxay 1660 u 1675 romavu Pabpu u Boitn obHa-
PYZKWJIN, 9TO JIEKTPUYECKHE JIefICTBUS HOCAT B3amMHBII xapakTep. Heckosbko
Jsier cruycrs, B 1687 rony Vcaak Heroron (1642—1727) (Puc. 3.22), npussiy n1puH-
U JIEHCTBUS U IPOTUBOJEHCTBIUS B KAYECTBE OJIHOIO U3 (PyHIAMEHTATBLHBIX BO
BCeit pusnke.

Puc. 3.22: Ncaax Heioron (1642—1727). Jro camblii u3BecrHbIil oprper Hbto-
rona. Ero napucosan londpu Kuesuiep (1646—1723) 8 1689 roay. Heroron uzo6-
paskeH 3Jlech 0e3 NapuKa, Ha IHKe CBOeil HaydHOH Kapbepbl, depe3 IBa IoJa
nocyte mybsmkarun Havan.

OTa TpeThs aKCHOMA, WU TPETUil 3aKOH JIBUYKEHWs, TPUBOJIUTCS B €r0 3Ha~
MeHuTOoi Kuure Mamemamuueckue Haaia HAMYpPasvbhotl dusocopuu, KOTopast
W3BECTHA TaK:Ke IO JJATUHCKUM HazBaumeM, Principia. Tperbs akcuoma, mian

TpeTHii 3aKOH JIBUKeHNsA, (OPMY/IUpPyeTcss B KHUTe CJIeIyIomuM obpasom: 2!

21[New52a, crp. 14].
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J1s KaxK/ioro neiicTBUS eCTh BCEria MPOTUBOIIOJIOXKHAS 110 HAIIPAB-
JIEHUIO W paBHas 110 BEJIMYMHE PeaKIys: WM, B3aUMHBIE JeCTBUS
JBYX TeJ JIpDYT Ha JApyTa BCerjla paBHbI U HAIIPABJIEHBI B IIPOTHUBOIIO-
JIO?KHBIE CTOPOHBIL.

Bazknao ormerurs, uro HbioToH cunTast, 9To 3Ta aKCHOMa J0JI?KHA UMETH Me-
CTO JJIs BCEX U3BECTHBIX BHUJIOB B3aUMOJEHCTBUIl: TPaBUTAIIMOHHOIO, 3JIEKTPU-
YEeCKOI'0, MAarHUTHOT'O, YIIPYT'OI'0, KOHTAKTHBIX CHUJI, TPDEHUS], CTOJIKHOBEHHUS U T.]I.
Kpome Toro, jist HproToOHa 9TOT TIPpUHIIAT UMeEJT KaK Ka4eCTBEHHBINH CMBICTI, TaK
U OYEHb TOYHBIA KOJWYECTBEHHBI aCHEKT, a UMEHHO, 4TO JJId KaXKJ0ro Aei-
CTBHUs €CTh BCErJIa PEAKINs paBHON mHTeHCHBHOCTH. Kpome Toro, oHu meicTBy-
IOT BJIOJIb IPSIMOIt, COeJIMHAIONIEH ABa Tejla, M HAIlpaBJIEHbI B COOTBETCTBYIOIINE
croponsl. Ilom gefictBueMm m peaxiueit HpioToH mopaszymMeBaj B3aUMHBIE CUJIBI
MeXKly 3TUMHU JBYMs TeJIaMU, KOTOPbIE OIEHMBAIOTCA B KOJIMYECTBEHHOM OTHO-
MMEeHNN U3MEHEHWEM JIMHEHTHOTO MMITY/IhCca KayK/J0TO TeJjla B €IUHUITy BPEMEHU.
To, uT0 MBI Ha3bIBAEM JIMHEHHBIM UMITYIHCOM, HBIOTOH HA3BIBAJI KOJUIECTBOM
JIBU2KEHUSsI, TaK KaK OH IIPOIIOPIIMOHAJIEH MaccCe Teja, YMHOXKEHHOIT Ha ero CKO-
POCTB 110 OTHOIIIEHHIO K abOCOJIFOTHOMY IIPOCTPAHCTBY. DTOT (DYHIAMEHTAJIbHBII
Tpya HeioroHa 3HaMeHyeT cOOOil HOBYIO 310Xy B (puU3HKe — IMOXY, B KOTOPOil
HayKa JIOCTUIJIA BBICOYANIIE cTeleHn TOYHOCTH.

B Hauasax HeioroHa Onmcanbl CTOJIKHOBEHUS M KOHTAKTHBIE CUJIBI B Kade-
CTBe IIPUMEPOB B3aUMOJIENCTBUI, KOTOPBIE Y/IOBJIETBOPSIOT IIPUHITAIY AeHCTBUST
n npotuBojeiicTBust. UTo KacaeTcs JNEHCTBUS HA PACCTOSHUU, OH CCBLIAJICS Ha,
OpUMephl I'PaBUTAIIMA U MarHeTU3Ma, XapaKTepu3ysl IOCJIeJHUN B CJIeIyIONX
caoBax:22

Yro Kacaercs TpUTSKEHNH, 51 a0 KPATKYIO JIEMOHCTPAIIUIO CJIEIy-
omuM obpazom. IIpeanookuM, MosiBUIOCh KAKOe-TO MPEIsiTCTBHUE,
MEIIAIoIIee COSJIMHEHNIO IIPOM3BOJILHBIX JIBYX Tei A, B, KoTopble
NPUTSTUBAIOT JPYT JIPYTa; 3aTeM, eCJIU OJIHO TeJI0, CKaykeM A, mpu-
THATUBAET BTOPOE TeJIO0 B ¢ MenbImeit cusoii, yem Tesio B npursarusaer
epBoe Tesio A, npensTcTBue OyJIeT UCHBITHIBATH OOJIbINEe TABJIEHNE
CO CTOPOHBI Tejia A, YeM CcO CTOPOHBI Tesa B, U, ciieJloBaTeIHHO,
OHU He OYJIyT OCTaBaTbCsl B PAaBHOBecHU: OOJIbIee JABJIEHIE BO3b-
MeT BepX U BBIHYIUT CUCTEMY W3 JIBYX TEJI, BMECTE C IIPEISITCTBUEM,
JBUTATHCsI B HAIIPABJIEHUNU K Tesly B; a B cBOOOIHOM IPOCTPAHCTBE,
YCTPEMUTCS 6 0OeCKOHe¥HOCMd C TOCTOSTHHO HapacTaloleil CKopo-
CTBIO; 9TO aOCYyP/HO U IPOTUBOPEYNT TTepBOMY 3akony. 160, o mep-
BOMY 3aKOHY, CUCTEMa, JIOJI?KHA OCTaBATHCSI B CBOEM COCTOSIHUU TIOKOSI
WIN JIBUTAThCS PABHOMEPHO BIIEPE[T IO MPSIMO JIMHUM; U, CJIEJOBA~
TeJIbHO, TeJIa JOJKHBI B DABHOW CTENEHU JABUTh HAa MPEISTCTBUE,
¥ B PaBHOU CTENEHW MPUTITUBATDH JIPYT Jpyra. 1 mpojesran sxcie-
PUMEHT C MATHUTOM W KeJie30M. ECiin pa3MecTuTb UX B OTJIEIBHBIX
[TOCYAMHAX BIPHUTHIK, W MTO3BOJUTH UM CBOOOJHO ILJIABATH B CTOSIYEi
BOJle, HU OJIHA U3 HUX He OyJeT JIBUraThb JAPYryI; HO, Ojaromaps

22|Newb52a, crp. 22].
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OTMHAKOBOMY TIPUTSIKEHUIO, KarK1ast OyIeT BBIIEPKUBATD JTaBICHUE
JPYTOi, 1 OYIYT MMOKOUTCS B HENPEPHIBHOM COCTOSIHUU PABHOBECHSI.

B Bompoce 8 cBoeit kaurn Onmuka, Hpl0TOH ommcast onbIThl IO 3JIeKTpUIe-
crBy:23

He Bce sin dpukcupoBannble Tesa, P HArPEBAHUH BBIIIIE OIIPE IeJIEH-
HOIl CTelleHr, HAUMHAKT M3JIyYaTh CBET M CBEPKATb; U HE SIBJISIETCS
JIM 3TO W3JIy9YeHWe Pe3yJIbTATOM BUOPHUPYIONINX IBUXKEHUI WX dYa-
creit? V1 He Bce u Tes1a, KOTOPbIE M300MIyIOT HA3EMHBIMY BEIEeCTBA~
MU, B OCOOEHHOCTH CEPHUCTHIMU, U3JIyIalOT CBET BCAKUI pas3, Koria
9TU COCTABJIAIONINE JIOCTATOYHO BO3OYKJIEHBI; BHE 3aBUCUMOCTU OT
criocoba Bo30yXK/ieHusd, Oy/ib TO TEIJI0, UJIU 38 CUeT TPEHUS UJIN y/1a-
pa, WK THUEHUS], Wi KAKUM-JIN0O YKUBOTHBIM JBUXKEHUEM, WJIU 110
J060it apyroit npuuune? [...] Tak ke map u3 crexia TpubIU3UTE b
HO 8 minu 10 AiofiMOB B AmaMeTpe, BMOHTHPOBAHHBI B paMy, IJie OH
MOKeT OBICTPO BPAIATHCS BOKPYT CBOEH OCH, HAYHET CBETUTHCS ITPH
BpAIlleHNH, KOIJa OH TPETCs O JIAJOHU IPUJIOXKEHHONW K HEMY PYKU.
W ecnu B TO Ke BpeMsi MOMECTUTH JIUCT Oesioil Oymaru wiu OeJioit
TKaHU, WJIM KOHYUK TAJbIA HA PACCTOSTHUU OKOJIO Y€TBEPTHU IONMA
WA TOJIIIOWMa OT TON YacTU CTEKJIA, /i€ ero JABUXKEHHe HamboJiee
WHTEHCUBHOE, SJIEKTPUIECKHIT TIap, KOTOPBIH BO3OYKIAeTCsI TPEHUEM
MKy CTEKJIOM U JIQZIOHBIO PYKH, TIPHET (YCTPEMUBIIUCEH K GesIoi
GymMare, TKAHU WJIH [IAJIBILY) B TAKOE COCTOSIHME MOBBIIIEHHO arnTa-
U7, 9TO HAYHET W3JIyIaTh CBET, U BBIHYJIUT Oeyio OyMmary, TKaHb
I TIAJIEl, CBETUTbCS SICHO, KAK CBETJISYOK; U B CIEIITHOM ITOTOKE
U3 CTEKJIa WHOT/A TOJKATH TaJjel TaK CUJIHHO, 9TO MOXKHO OIIYTUTH
JIaBJIEHIE HETIOCPEICTBEHHO. Te yKe camble Bellu ObLIN 0OHAPYKEHDI
[yTeM TPeHUs JJIMHHOTO M OOJIBIIOTO IUJIMHIPA U3 CTEKJIa, W sTH-
Taps O JIUCT OyMaru, J1ep»ka ero B PyKe, U IPOJ0JIZKAsl TEPETh, MOKA
CTEKJIO HE CTAHET TEeILIBIM.

DJIeKTPUYIECTBO Tak)Ke yrnomuHaercss B Borpoce 31, rie Heioron moguepku-
BAeT B3aUMHbIE JeiflCTBUs HA PACCTOSHUE MEKJY Tejamu:>4

He umeror jm masbie 9acTubl Tel HEKYIO SHEPTUIO, CBOWCTBA WU
CIJIBI, C IOMOIIBIO KOTOPBIX OHU JEHCTBYIOT HA PACCTOSHUH, HE TOJIb-
KO HA JIy9W CBETA IIPH OTPAKEHUH, IIPEJIOMJIEHUN U OTKJIOHEHUH UX,
HO U JpyT Ha JIpyra B POU3BOJICTBE OOJIBIIUHCTBA SIBJIEHUN ITPUPO-
aei? V160 XOpoImo m3BeCTHO, YTO Tejia JeHCTBYIOT IAPYTr Ha JIpyra C
TOMOIIBIO TPUTSIYKEHNS TPABATAINHN, MATHETU3MA U JIEKTPUIECTBA;
¥ 9TH CJIy4YaW OKA3bIBAIOT TEHOP M KypPC TE€UYEHHUs COOBITHIl B MPU-
poJie, U JIeJIAIOT BIIOJIHE BEPOSITHBIM, UTO CYIIECTBYIOT APYTU€ BUIIHI
MIPUTSIKEHUsI, 00JIee MOIIHBIE, YeM 3TH. 1160 B mpupo/ie Bce OvueHb Co-
3BYYHO M CAMOCOTJIACOBAHHO. 1 HE pacCMaTpPUBAIO 3/I€Ch BO3MOXKHBIE

23|New52b, cp. 516—517].
24|New52b, crp. 531].
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MEXaHU3MBbI 9TUX HpHTH?KeHI/IfI. TO, YTO s HA3BIBAIO IPUTAKEHHUEM
MOZKET OCyIILeCTBHE{TbCH O6MeHOlVI I/IlVIIIy.J'H)Ca.7 J'[I/I6O NHBIM HEU3BECT-
HBIM MHE CIIOCOO0M. 91 MCIOJIB3YI0 3TO CJI0BO 3/€eCh JiJisi 0003Hade-
HUsT BOOOITIE J1I000ii critbl, 61aro/iapsi KOTOPOii Tejia CTPEMSITCS JIPpYT
K JIpYTy, BHE BCIKON 3aBHCHMOCTH OT €€ MCTUHHON mpuunubl. V60
MBI JOJIZKHBI BBIACHUTDL, UCXOJAd U3 Ha6ﬂIO,H€HHfI 3a ABJICHUAMU IIPU-
POJibl, KaKue Teja IPUTATUBAIOTCS JPYT K APYTY, 1 KAKOBBI 3aKOHBI
1 CBOMCTBA IPpUTAZKEHNA, NIPpexKJAe 9€eM Mbl MO2KEM IIPpUCTYIUTH K
HUCCJACJOBAHUIO IIPDUYNH, JIC2KaIlllUX B OCHOBE IIPUTAXKECHUA. HpI/ITH—
KeHugd, XapakKTepHbI€ [IJjId I'pPaBUTAIIUN, MarH€THU3Ma W JICKTPpUYIEC-
CTBa, PACIIPOCTPAHAIOTCS Ha 3HAYTUTEIbHbIE PACCTOSHUS, U TIOITOMY
X MOYXKHO OOHAPYKUTH HEBOOPYKEHHDBIM IJIa30M, HO, BO3MOXKHO, CY-
HIEeCTBYIOT JIpyTrue [CI/IJII)I]7 KOTOpbIE ﬂeﬁCTByIOT Ha CTOJIb HE3HAYU-
TEJIbHBIX PACCTOAHUAX, 9YTO A0 CUX IIOP CKPBITHI JIJIA Ha6JIIOILeHHH;
1, BOBMOZKHO, 9JICKTPUYECKOE IIPUTAZKCHUEC ,ZLCI;'ICTByeT Ha TaKHUX Ma-
JIBIX PACCTOSHUSX, JayKe B OTCYTCTBUE BO30YXKJIEHUsI IIOCPEICTBOM
TpeHusl.

OH Tak»Ke yIOMHHAJI, 3JIEKTPUYECKre NpuTsizkernsa B Havasax. Hanpumep,
B Kuure [11:2°

IIpennoxxenune 7. Teopema 7

Ymo ecmb cuaa MANCECTNU, NPUCYULAA BCEM MEAAM, NPONOPUUO-
HANDHAA KOAUNECMBAM GEWECTNEA, KOMOPbLLE OHU COOEPIHCAN.

[.]

Kop. I. TlosTomy cnia Ts2KecTH IO OTHOIIEHUIO K JI000i1 ItaHeTe B
LIEJIOM €CTh COBOKYIIHOCTB CHUJI TSI?KECTH II0 OTHOIIEHUIO KO BCEM €€
gacTsaM. MarauTHble 1 9JIeKTPUIeCKIe IPUTIKEHUST JTal0T HAM IIPU-
MePBI 3TOr0; N0 MPUTSKEHNE K I1€JIOMY BO3HUKAET U3 IIPUTSIKEHU
K ero Jactam. |[...|

B O6meit Cxonu B KOHITE KHUTH OH TaKKe YIIOMSTHYJI JIEKTPAIECTBO, eIl
pa3 HOJUEpPKUBAs B3ANMHOCTD JICHCTBHS MLy Tesamu:20

A rerepb MBI MOXKEM JI00ABUTH HEUYTO KACATEIHLHO HEKOErO TOHYAM-
IIIEr0 JyXa, KOTOPBII ITPOHU3BIBAET U CIPSITAH B IVIyOMHE BCEX IMPU-
BBIYHBIX HaM TeJI; CUJION U JefiCTBHEM KOTOPOT'O YaCTHUIIbI TeJ IIPU-
TATUBAIOT APYT JIpyra HA OJU3KUX PACCTOSHUSIX, U IPUJIAMIAIOT €CIII
MeZK/Iy TeJaMU HeT Pa3pBIBOB; a JIEKTPUYeCKHe Tesa JeUCTBYIOT Ha
OOJILIIUX PACCTOSTHUAX, KAK OTTAJIKUBAsI, TAK U IIPUBJIEKAs COCETHUE
TEJIbIIA; & CBET U3JIyUIaeTCs, OTPAXKAETCsI, IPEJIOMIISIETCs, N3rubaeT-
csl, a TaKXKe HAPEBAET TEJIa; U BCE OPTaHbl UyBCTB BO30YXKIAIOTCH,

25|New52a, crp. 281—282].
26|New52a, crp. 372].
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¥ YJIE€HbI T€JI KUBOTHBIX JBUIAIOTCA II0 KOMaHJE BOJIM, 8 MMEHHO,
IIOCPEJICTBOM BHODAIUil 9TOrO Jiyxa, B3aNMHO PaCIIPOCTPAHSIIOIINX-
Csl BJOJIb TBEPJAbIX BOJIOKOH HEPBOB, OT BHEIIHUX OPIaHOB YyBCTB K
MO3TY, I OT MO3Ta K MbImaM. Ho 3To Takme Bemmu, KOTOpBIE HE MO-
I'yT ObITh OObsICHEHBI B HECKOJIBKMX CJIOBAaX, U MBI HE PACIOJIAraeM
TOI TIOJTHOTO 9KCIIEPUMEHTAIHHBIX 3HAHMI, KOTOpasi TpeOyeTcs st
TOYHOI'O OIIPEJIEJICHUS U JeMOHCTPAIIIN 3aKOHOB, COTVIACHO KOTOPBIM
3TOT JIEKTPUYECKUN U yIPYyruil 1yx JefcTByer.

OTHU UTATHI TOKA3BIBAIOT, 9TO0 HBIOTOH MpUIaBa JEKTPUIECTBY OCHOBO-
[10JIAraloILyI0 POJIb B ABJICHUAX IIPUPOJIBL.
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I'1aBa 4

DJIeKTpuiecKoe MPUTIKeHIe
1 OTTAJIKIBAHUE

4.1 CymecTByeT Jin 3JEKTPUYECKOe OTTAJIKHNBa-
aHue?

Bee 9KCIIEpUMEHTDBI, OIIMCaHHbIE /IO CUX IIOD B 3TOM KHHUI'€, UMeJI JIeJIO C IIPUTI-
2KEHUEeM MEXK/1y TeJIaMU. Ho QJIEKTPpUYIECKHNE sIBJICHUA XapPaKTEPU3YIOTCsA TaK2Ke
OTTaJIKUBAHHEM.

Okcriepument 4.1

Ectp ogens mpocToit crocob HAOTIOAEHUST SJIEKTPUIECKOTO OTTAJTKUBAHUA
C IIOMOIIIBIO TIOJIOCHI U3 ITOJIMITUIEHOBOrO nakera. Haso Bbipe3ars mosocy 2 cMm
mmpuHoii u or 10 10 20 cM jyuHOM. 3aTeM ITOBECUTH €€ Ha NOPU30HTAJIBHY IO OIIO-
Py (JlepeBsiHHBILIT IaMITy D, KapaHall uin naJer). JIBe IoJoBHHKY HERTPAJIBHON
IIOJIOCHI M3HAYAJBHO BUCST BEPTUKAIBHO, MAPAJIIEBHO JIPYT JAPYTY, KAK MOKa-
3ano Ha Puc. 4.1 (a). Teniepb Mbl TpeM 06e [OJOBUHKYI OJHUM M TEM K€ MaTepu-
aJoM (HalpuMep, IPOILYCKast KAK LYo [OJOBUHY Yepe3 HaJbIlbl, UK TPEHUEM C
nomonisio siucra 6ymaru). [Tocse 0cBOGOXK ieHNs OHM OTTAIKUBAIOT JAPYT ApPyTa,
B pesyJbTare 4ero mojosuHKu npunogaumatores (Puc. 4.1 (b)).

10T 3hPeKT MOKHO HADOJIOJATH TAKXKE C ABYMs KyCOUYKAME ILIACTAKOBOMN
COJIOMKH, KaXKbIil OKOJI0 5 cM jiytnHoM. OUH KOHel KaxK 10 COJIOMKH ITPUBS3aH
K KOHITY IEeJKOBOM wian HeitsionoBoit Hutu Amunoit 10 mwim 20 cm. Huth moase-
IIIeHa Yepe3 ee IeHTP Ha I'OPU30OHTAJIBHOI OIlope TaKuM 0O6pa3oM, 4TO obe Heii-
TpaJibHbIE COJIOMKH M3HAYAJIBLHO BUCIT OOK 0 OOK B BEPTUKAJBHOM IIOJIOXKEHUH,
C HAIPpABJIEHHBIMU BHHM3 CBOOOIHBIME KOHIIAMU. Kcjim HaTepeTb JBE COJIOMKHU
OJIHMM W T€M K€ MATEPHUAJOM, OHA HAYMHAIOT OTTAJKUBATDH JIPYT JIPyTa MOCIIE
OCBODOXKIIEHUS, IBUTASICh B IIPOTUBOIIOJIOXKHBIE CTOPOHBI. €M TOHIIIE TOPU30H-
TaJIbHAs OIOpa, TeM 3aMeTHee IPPEKT.

Tperunit BapuaHT HUCIIOJIB3YeT HAJyThle PE3MHOBBIE MAPBI. JIBa BO3JIYIIHBIX
mapa Ha HUTSX BUCST [MEPBOHAYAJBHO TaK, YTO OHU COIPUKACAIOTCS JPYT C
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(a) (b)

Puc. 4.1: (a) HelirpanbHas mIacTUKOBAas 110JIOCA CBUCAET BEPTUKAJBHO C FOPH-
30HTAJIBbHOIT JiepeBsiHHOi mnard. (b) OrraskuBanue MeXKly JBYMsl [IOJOBUHAMU
HATEPTON IIJIACTUKOBOII IIOJIOCKU.

apyroMm. Eciin mapsl 1orepers 0 BOJIOCHI, OHM HAYUHAIOT OTTAJIKHBATH JAPYT
apyra. OHU OTXOIAT JIPYT OT APYyTra U GOJIbINEe HE COIPUKACAIOTCS.

Bo Bcex aTmx ciiygasix Mbl HAOJIIOIAEM OTTAJIKHUBAHUE TEJI, W3TOTOBIEHHBIX
U3 OJIHOT'O U TOIO K€ MaTepuaJia (llBe IUIACTUKOBBIE IIOJIOCKHU, JBE COJOMKHU WU
JIBa PE3UHOBBIX IIapa), KOTOPble ObLIM HATEPTHI OJHUM M TE€M K€ BEIIECTBOM.
DT0 HOBOE sIBJIEHIE, KOTOPOE MbI He HAOJIIO/IA/IU B IIPEJIBILYIIINX SKCIIEpUMEHTaX.

Okcnepument 4.2

C moMoIIpio JABYX IUIACTHKOBBIX BEPCOPUYMOB MBI MOYKEM HABJIIOIATH JJIeK-
TPUYECKYIO OPUEHTAIINIO TI0J] BJIMAHUEM OTTajJkKuBaHus. MbI TpeMm ofHO miedo
KasKJI0r0 BEpCOpUyMa OJHMM U TeM K€ BEIeCTBOM — HAIIPUMep, JINCTOM Oy-
Mard WM HaIIUMU BoJjiocaMu. /IBa Bepcopmyma pa3menieHbl 60K 0 OOK, mapaji-
JICJIBHO APYT APYTY, ¢ HATEPTBIMHU IJICYaMH, YKa3bIBAIOIIUMU B OJHOM W TOM
ke Hampassenunn. [locie ocBOOOXKIeHUsI, HATEPTHIE IJIEYN OTTAJIKHUBAIOT JIPYT
apyra. B pesysibrare 9TOr0 OTTaJKWBAaHUs, BEPCOPUYMBI PA3BOPAUUBAIOTCI OT-
HOCHTEJIbHO X BEPTUKAJBHBIX Oceil TaKMM 006pa30M, YTO B KOHIIE IIPOIECcCa Ha-
TepThIE IJIeTN 0OPETAIOT PABHOBECHOE ITOJIOXKEHIE HA MAKCUMAJIBHO BO3MOXKHOM
yaaserauu apyr ot apyra (Puc. 4.2).

D1or 3ddeKT 3aMeTHee, ecyau JIBa BEPCOPUYMa M3HAYAIBLHO PACIIOJIOXKEHBI
odeHb OJIM3KO JpYyTr K Apyry. ust Toro 9robnl nNpeJoTBpaTUTh KOHTAKT MEXK-
JIy JIByMs IIJIedaMM, KOTOPbIe He ObLIN HATEPTHI, OCTIEe TOr0 KakK BEPCOPUYMBI
THOBEPHYJIUCH, OJIUH U3 BEPCOPUYMOB MOXKHO Pa3MECTATh HEMHOT'O BBIIIE JIPYIro-
ro TakuM 0Opa30M, UTO IIOCJIE TOTO KAaK BCTYIAET B CHJIy OTTAJKHBAHUE, OJIHO
ILIEY0 BepcopuyMa Oy/IeT BBIIIE JIPYTroro.

Kpome Toro, ciegyer oTMETHTB, YTO BEPCOPUYMBI BPAIAIOTCA B IIPOTUBO-
MIOJIOYKHBIX HAIPABJICHUSX IIOCJEe WX BBICBOOOXKIEHUs. B TO BpeMsi Kak OIuH
BpAalllaeTCsd 110 9aCOBOU CTpeJKe, JPYroif BpallaeTcsd NPOTUB YaCOBOI CTPEJIKU.
DTO 03HAYAET, YTO KPYTSIIUNA MOMEHT, OKa3bIBAEMbIN BepcopuyMoMm A Ha Bep-
copuyM B, HallpaBjieH IPOTHBOIIOJIOKHO KPYTAIIEMY MOMEHTY, OKa3bIBAEMOMY
BepcopuyMoM B Ha BepcopuyM A.
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(a) (b)

Puc. 4.2: (a) OrraskuBanue MeXKIy HATEPTHIMU ILICUYAMHA JBYX ILIACTHKOBBIX
BEPCOPUYMOB, €CJIN CMOTPETH CBEPXY, PACIIOJIOKEHLIX O0K O OOK BIIOJIb I1apaJi-
sesbHbIX JuHuiA. (b) Konednast paBHOBecHast OpHEHTAINS JIBYX BEPCOPHYMOB.

Yr065n1 s1erde ObLIO 3allOMHUTDH, KaKO€ UMEHHO I1JIe9O ObLIO HaTepTO, MOZKHO
OTMETHUTH €ro Karujiei YEepHUJI, py‘IKOfI WU HEOOJILIIIM HaJApe30M.

OkcrniepumeHnTt 4.3

B kauecTBe jpyroro BapuanTa skcrepuMmenTa 4.2 MOXKHO TOTEpeTh 062 TIIe-
Ja, KaXKJI0ro BEPCOPUYyMa. 3aTeM Pa3MECTUTh MX BIOJb OIHONI U TO YK€ IIPAMOI
JINHUY TaK, 9TOOBI OJIMKHME KOHITHI II0YTH KACAJIUCh APYT Apyra. Ilocmie BeICBO-
BOXKIEHUST U3 COCTOSTHUSA IIOKOsI, OHM BPAIIAIOTCS B IIPOTUBOIIOIOKHBIX HAIIPAB-
stlennsax. Ilocsie ocTaHOBKM, OHU IPUMYT HNapaJLIEIbHbIE APYT APYTY OPUEHTAIINH,
60K 0 OOK, Kak mokazaHo Ha Puc. 4.3.

4.2 DkcuepuMeHT 'epuke ¢ maaBalOIINM ITyXOBbIM
IIepoM

dkcriepumMment 4.4

Mpbr1 poBejieM Tenephb HOBBIN 9KCIIEPUMEHT, AHAJIOTUIHDBIN SKCIEPUMEHTY, KO-
TOPBI UMesT 6osIbIIoe ucropudeckoe 3Hadenne. CHavajia HAM HAJIO BBIOpDATh
CIIENUaJIbHBINT 00BEKT, B KAYeCTBE KOTOPOTO IOJIOUJIET, HAIIPUMED, ITyXOBOE Iie-
PO, OIYyBAHYMK WJIM HECKOJIBKO KJIOUYKOB XJIONKA. BayKHO, YTOOBI BBIOpaHHBII
00BEKT MOT JIETaTh JOJITO B BO3MYyXE, MPEXK/Ie UYeM yIACTh HA 3€MJIIO, CKAXKEM,
nopsika 10 CeKyH T Ipu IaIeHUH ¢ BBICOTHI IBYX MeTPOB. JlydIie, eciin on Oymer
na1aTh emre Mejierree. C Apyroil CTOPOHBI, €CJIU OH Oy/IeT MaJaTh 3HATUTEHHO
ObIcTpee, €M yKa3aHO BbINIE, HEBO3MOXKHO Oy/IeT HaOJIIOMAThH OMMCAHHBIE HUXKE

3P PEKTHL.
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Puc. 4.3: (a) OrrankuBanue MeXK/y JBYMs INIACTUKOBBIME BEPCOpUyMaMu (BUJ
CBEPXY), KOTOpBIe OBbLIM HATEPTHI [0 BCEH WX JJINHE, KOTJIA OHU DPasMeNeHbl
PSIZIOM U OPHEHTHPOBaHBI B OjiHOM HanpasieHuu. (b) KoHeuHble paBHOBECHbIE
OpPHUEHTAIIUN JABYX BEPCOPUYMOB.

Mpb1 HauMHAEM C TPEHHs IJIACTUKOBOW COJIOMKH O BOJIOCBHL. UTOOBI Ompee-
JINTH HACKOJILKO XOPOIIO HAIJIEKTPU30BATIACH COJIOMKA, MOXKHO HCIIOJIH30BATh
TECT CO CTEHKO, OnucaHHbIil B 9kcriepumente 3.6. Harepryro costomky MbI fep-
KM 3a OIWH KOHEI[ B OJIHO# pyKe. JIpyroil pyKoil MbI BBIITYCKaeM IIEPO, OILY-
BAHUYMK WJIM KYCOK BATBI HAJI COJIOMKO#, 4yTh BhIlle ee. OObEKT MPUTIATUBAETCS
COJIOMKOIT 1 mpuiannaer K Heit. Ecin BHIMATEBHO TOCMOTPETh HA OOBEKT, MBI
MOXKEM 3aMETHUTDb, 9TO €r0 BOJIOKHA HAIPSIIVINCH U BBITAHYJINCH, KAK OYATO OHU
XOTSAT OTOPBATHCS OT COJIOMKH. DTO IPOMCXOJUT O TOH YKe CaMOil MPUIHHE,
II0 KOTOPO!l OOBEKTHI, UCIIOIb3yeMble B dKCIepuMeHTe 4.1, OTTAJIKMBAIOT JIpyT
apyra. Hora o0beKkT Ha caMOM Jiejie OTCKAKUBAaEeT BBEPX IOC/€ KOHTAKTA, [0-
Kujast cooMKy. Eciin 910 He mpon3oiifer cpasy, Mbl MOXKEM OCBODOOIUTH OOBEKT,
CJIETKA ITOTPEIAB COJIOMKY, UJIH CAYB €ro MOTUXOHEeYbKY. [locite Toro, Kak 00beKT
OCBOOOIUTCS OT COJIOMKHU U HAYHET MMAJATh, Mbl MOYKEM IIEPEHECTH HATEPTYIO CO-
JIOMKY TIOJT TIafatotuit 06bekT. B pesynbrare 00beKT OTTAJIKUBAETCS OT COTOMKI
U JBUXKETCsI BBEpPX. VIHOTIa 9TO IMPOUCXOIUT HE CPa3y, TaK KaK OObEKT JOJIKEH
KOCHYThCsl HATEPTO COJIOMKM JIBA WJIA TPHU Pa3a, OTCKAKUBAs IOCE KayKI0-
0 TIPUKOCHOBEHWs, IPEXKJIe 9eM OH SBHO HAYHET OTTAJKUBATHCS OT Hee. dem
CUJIbHEE COJIOMKA HA3JIEKTPU30BAHA, TEM CHJIbHEee O0BEKT OYIeT OTTAIKIUBATHCS
mocJie conpuKocHoBeHus ¢ Heil. C 3Toro MoMeHnTa MbI 6yJIeM [peJInoaraTb, 9To
OOBEKT yiKe MapUT B BO3JyXe, OTTAJKHBAsICh OT HATEPTON COJIOMKH I10JI HUM,
Kak 3TO IMoka3aHo Ha Puc. 4.4.
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Puc. 4.4: (a) Kycok xyonka BHavaJjie OPUTSTUBAETCS HATEPTOH MUIACTHKOBOMN
cosomkoii. (b) Xuonok kacaercst Hareproii yactu conoMki. (¢) ITocae koHTaKTA
XJIOIIOK OTTAJIKUBAETCSI OT COJOMKH. 3aTeM €ro MOXKHO [epPXKATh B IIAPSIIIeM
COCTOSIHUH HaJ COJIOMKOI, HECMOTPsI Ha I'DABUTAIMOHHOE NIPHUTsKeHne 3eMJu!

Puc. 4.5 nmocTpupyer aHaJOMMYHBIA 9KCIIepUMeHT ¢ oayBaHdukoM. Oy-
BaHYUK [1aJ1a€T, €CTECTBEHHO, OYCHb MEJJICHHO, II09TOMY OH IIOJIXOJUT JJIsl 9TOr'O
3KcrepuMenTa. Kro Jierko mojiep:KuBarh B HMapsIeM COCTOSHUM HaJ| HaTepTOM
BOJIOCAMU TIJIACTUKOBOW COJIOMKOA.

1
T T
\[/ i ] i i

TETTT 0 ' ) EEEEE 1\ ‘ D EECEE q ' )
v, Q 2

(a) (b) (c)

Puc. 4.5: 9kcnepument 4.4 jierko mMpoBOIUTH C OYBAHUIUKOM, ILIABAIOIIAM HAJT
HATEPTON BOJIOCAMHU IIJIACTUKOBON COJIOMKOM.

Meaensao nepemMeras HaTePTYIO COTOMKY MO O0BEKTOM, MBI MOYKEM TIepe-
MECTUTH ITOT OODBEKT B JII0OOOE MECTO BHYTPH TOMeIrneHus. Ecan o0beKT mpu-
OJIM3UTCA K HAIIEMY TeJly WM JIIOOOMY JAPYroMy IIPeIMeTy B KOMHATE, OH IIPH-
TATUBAETCS K HAIEMY TeJIy WJIM IIPeIMeTy U MPUINIaeT K Hemy. 1Tobbl He J10-
IYCTUTh 3TOr0, MbI UCIOJIB3YEM HATEPTYIO COJIOMKY KaK Opy/ue JJisl YIAJeHUs
00bEKTa MOJAJBINE OT ITUX MPEIMETOB. TaKMM CIIOCOOOM MOXKHO JIETKO Jep-
KaTh 00BEKT Ha MJIABY B T€UEHNE HEKOTOPOTO BpeMeHn Ha paccTogauu oT 10 10
20 cM BBINIIE COJTIOMKHU B 3aBUCUMOCTH OT TOT'O, HACKOJHKO XOPOIO HAIJIEKTPU-
30BaHa COJIOMKA. UTOOBI COXpaHUTH OOBEKT B IMAPSIIEM B BO3/yXe COCTOSIHUM,
HATEPTYIO COJIOMKY CJIEJyeT BCErJa Jep:KaTh IO/l HUM, HOJCTPANBALA B CIydae
HEOOXOIUMOCTH €€ JIBUYKEHUS IO ABMXKEHUsI 00beKTa. Kak mpaBmio, 3Ty mIpo-
LEeLypy Jierde IPOBOAUTD C OLyBaHYUKOM. Koria oiyBaHUNK BIEPBBIE 3AILyIIEH
B BO3JLyX H&J| HATEPTON COJIOMKOIi, OH IIPUTATUBAETCS K COJIOMKE, Kacaercsl ee 1
TYT YKe OTCKAKUBAaEeT OT Hee. DTO OYeHb IIPOCTOI SKCIIEPUMEHT, HO YPE3BBIYAITHO
uHTepecHbIil. Hu ofuH 4uejioBeK He CMOXKET 3a0bITh BIEYATIIEHUE, IIOJIyUYeHHOE
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OT IIPOBEJIEHUS 9TOrO IKCIIEPUMEHTA.

DKCIIEPUMEHT, aHAJIOIMYHBIN 3TOMY, ChII'PaJI O'POMHYIO POJIb B UCTOPUH Pa3-
BuTHs sjekTpudectsa. O 661 nposesieH srepsbie O1To dhon Tepruke (1602—1686)
(Puc. 4.6).

Puc. 4.6: Orro dou 'epuke (1602—1686).

On nosiBuiicst B ero kuure Hogvie (max nasweaemwvie) Mazdebypecrue sxcne-
PUMEHMDL, OIyOIMKOBAHHON B 1672 roay Ha JaTHHCKOM s3bike. COryiacHo mpe-
JIMICJIOBUIO 3TOH paboThl, KHUTa Obuia bakTudeckn 3asepiieHa B 1663 romy. B
OIIpEJIeJIeHHbIH TIepuo/t ero xKu3Hu ['epuke 6611 Mapom Maraebypra. B sroit kau-
re OH OIHUCAJ BO3JYNIHBII HACOC, KOTOPHI OH M300pe Ha OCHOBE OTKPBLITHS
VIOPYTHX CBOUCTB Bo3myxa. B 1657 romy oH MCIOJIB30BaJ €O I MPOBEIEHUS
3HAMEHHUTON Ternepb IyOJIMYHON JeMoHCTpannd B Marmedbypre OrpoOMHBIX CHJI
aTMocdepnoro pasienns.? OH HCIIOIL30BaJ TOJIBIE MAap U3 ABYX MEIHBLIX II0-
JIyIIapuii, KOTOpble OB IIJIOTHO MPUKATEI APYT K Apyry. Bo3myx yaanunmu u3
cepsr ¢ momorpio ero Hacoca. [locie ynasteHust Bo3/yxa, JiBe IPYIIIBI JIOMIA-
Jieil, 110 BOCEMb B Ka»KJOH, TSHY/IM IOJIYIIApusl B Pa3HbIE CTOPOHBI, U JIAIIb C
6OJIBIIM TPYAOM MM yIAJ0Ch OTOPBATH UX JApyr OoT apyra. C apyro#t cTOpOHBI,
KOTJIa BO3/yX MPOHHUKAJ 0OpaTHO B ceEpy, OAMH HYeJIOBEK MOI ITO CIAEIAThH C
JIETKOCTBIO.

OjHako 37ech HAC HHTEpecyeT JpyToit sxkcepumenT L'epuke. Ero mintoctpa-
IUsi C OIMUCAHUEM TOI'0 FKCIIEPUMEHTa IpejcTaBieHa Ha Puc. 4.7.

31ech MBI IPEBOINM IUTATY U3 €rO 3HAMEHHTOH KHUTH:S

Q’EC’I’LBPUMGHTTL, 6 KOMopom 3mMu BblWEYNOMAHYMDBIE BAIHCHDILE c601i-
cmea MOHCHO Hasecmu TLOCp(?dC’I’I'LGOM mpeHus cepro20 wapa

Ecan xTo-TO X04eT MpoBeCcTH 3TOT IKCIEPUMEHT, OH JIOJI?KEH B3STh
CTEKJISTHHYIO cdepy, TaK Ha3bIBAEMBIN IIy3bIPEK, PA3MEPOM C T'OJIO-
By peOEHKa, 1 3aI0JHUTH €€ CEPHBIM ITOPOIITKOM, IPUTOTOBJIEHHBIM B

1[Hei99, crp. 215—218].
2[Kra81].
3|Gue94, Knura 4, ['masa 15, ctp. 227—231].
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Puc. 4.7: Ouwir ['epuke, 1j1e OH JEPAKUT [IEPO B MAPSIIEM COCTOSTHUY HaJT HATEP-
TBIM CEPHBIM ITIAPOM, U €ro dJeKTPUUecKas MaIlnHA.

crymnke. 3aTeM, IOCPEICTBOM IOJ0TPEBA, OH JIOJI?KEH PACILIABUATH TI0-
pomok. Ilocite oxiraxkaennst, OH JTOJ2KEH Pa3dbUTh CTEKISHHYIO cde-
Dy, U3BJI€Yb OTTY/A IMap, U XPAHUTH €r0 B CYXOM MeCTe C HHU3KOM
BJIA2KHOCTBIO.

Pasden 2.

Y1006BI IPOIEMOHCTPUPOBATEH COXPAHEHHE CIIOCOOHOCTH, IIPUCY TCTBY-
IOITEil B 9TOM IIape, CJIe/IyeT YCTAHOBUTD €I'0 YKEe3JI0M Yepe3 ero cep/i-
[IEBUHY Ha JBe OMOpHI, ab, Ha mojcTaBKe ¢ obo3nadenueM abed. On
JIOJXKEH OBITh Ha BBICOTE B OJHY JIAJIOHL OT OCHOBAHUSI, W BCSIKO-
ro pojia KJIOYKHU WJIM KYCOUYKH JINCThEB, 30JI0Ta, cepebpa, Hymaru,
XMeJIsl U JIPYTHX MeJBIAfIINX YacTUll JIOJKHBI ObITH paszbpocanbl
10/, HUM. 3aTeM CJIeJIyeT KOCHYThCs cepy CYXOil pyKoil U moreperh
ee nBa WM Tpu pa3a. Ha 3ToM 3Tame OHA IPUTSHET BBIIEYKa3aH-
Hble (bparMenTsbl K cebe. Kcyim moKpyTuTh Ternephb map BOKPYT CBOEH
OCH, 3TH KYCOYKH OCTAHYTCS Ha HEM U OyJIyT KPYTUTHCS BMECTE C
uuM. Termepb MBI MOXKEM BHU3yaJbHO IPEJACTABUTL cebe, Kak cdepa
Hameil 3eMiIn yIepKUBAeT U COXPAHIeT BCEX YKUBOTHBIX U IIPOYNX
TeJI Ha CBOEIl MOBEPXHOCTH, U MIEPEHOCUT UX B CBOEM KaXKIOJHEBHOM
JIBAIIATA-YETHIPEX YACOBOM BPAIATEIHLHOM JIBUYKEHUH.

Pasden 3.

MoxKHO HAIISAIHO TPOJIEMOHCTPUPOBATH HAJUYINE BBITAJTKUBAIONIEH
CHUJIBI B 9TOM IIIape, €C/IN Y/IaJIUTh €ro OT BBIIEYIIOMAHYTOI I10CTaB-
KU, U JIep2Ka B OJIHOI PYKe, [IOTEPETH €r0 Y2Ke OMUCAHHBIM CIIOCOOOM.
Torma o HE TOMBLKO MPUBJIEKAET, HO U OTTAJKUBAET OT ceOST MaJI€Hb-
KM€ TeJjla yIOMSHYTOIO BBIIIE TUIA (B 3aBUCUMOCTH OT BIAYKHOCTH
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U JAPYruX XapaKTePUCTUK [Oro/bl Ha JaHHbI MoMenT). ITocie Toro,
KaK OH KOCHYJICA 3THUX TeJI, OH He IPHUBJIEKaeT UX CHOBa, IIOKa OHU
HE KOCHYTCsI KAKOIO-TO JPYToro reja. JToT 3p@deKT 0COOEHHO XO-
POIIO BUJEH JIJIsl OY€Hb MATKUX U JIETKUX 11epbeB, A, (moromy [ro
OHU MAJAIOT HA 3eMJIIO MeJJIEHHEee, YeM JPYyrue KJIOUYKHU U KYCOUKH).
Takum 06pazom, KOTJIa MEPhs TOIEPKUBAIOTCS HABEPXY CHJION OT-
TAJKUBAHUS OT 9TOTO MIapa, OHU MOIYT ILJIaBaTh B BO3JIyXe B TeUe-
HUE JIOBOJIBHO JIJTATEJIBHOIO BPEMEHM, U UX MOXKHO HOCHTH IO BCEH
KOMHATE BMECTe C IJI00yCOM.

[.]

OxcrnepuMenT 4.4 anajoruvdeH onplTy ['eprke, HO BMECTO CEPHOrO IIapa Hc-
[IOJIB3YeTCs IIACTHKOBAs COJIOMKA. TeM He MeHee CJIeIyeT MOIYEePKHYTh, U9TO
cam ['epuke He cumTa) OTTAJIKMBAHWE IE€Pa WM, KAK OH BBIPA3SWIICH, ,BHITAJ-
KHWBAIOIIYIO CHIy® Imapa cyrybo snekTpudeckuM ssienueMm. Jms Tepuke 310
CBOWCTBO CEPHOTO Iapa OBLIO ITOIOOHO BBITAJIKUBAIOIIEH CUJIe, KOTOPYIO JIEMOH-
cTpupyeT 3eMJIs B OIPE/IEJIEHHBIX YCIOBUIX, T.€. OHO MOJ00HO cuie Apxumesa.
B pesysnbrare, B HacTOsIIIEE BpEMsI CIMTAETCs, ITO l'eprke He OTKPBLI U HE pac-
MMO3HAJT TOJINHHOE JIEKTPUIECKOE OTTAJKABAHUE.

YerpoiicrBo T'epuke paccmarpuBaeTcss HEKOTOPBIMU ABTOPAMU KaK I1€pBast
JIEKTPUYIECKasl MAINHA, TO €CTh IEePBbIN IPUOOP, € TIOMOIIBI0 KOTOPOT'O MOYKHO
Ha3JIEKTPU30BaTh pazimyanble 00bekThl. Ho cam I'epuke, BeposiTHO, He corua-
cuJicst Obl ¢ IoI00HBIM yTBep:kaeHueM. s [epuke cepHbIil Msi ObLIT TI000HEM
3emutn. Hekoropsie ,,/106pojieTesn’, IpucyIiye 3ToMy M4y B (popMe IpuTsizKe-
HUsl ¥ OTTAJIKMUBAHUsI, KaK Obl IMUTHPYIOT aHAJIOTUYIHbIE CBOWCTBA HAIEH ILIa-
HeThl. Takum obpaszoMm, Jyis 'epuke 3Tu cBolicTBa He OBLIM YEM-TO, YTO MMEET
JEHCTBATEJIBHO JIEKTPUIECKYIO pupojy. [loapobHblil aHa M3 9TOro BOIPOCa
MOKHO HaiiTu B paborax Posiepa u Postepa, Kpadra u Xeitn6pona.*

[TepBbIit MHCTPYMEHT, MOCTPOEHHBIN CIEIUATBLHO JJIsI JEKTPU3AINHA TeJ,
6bLT nipesiozken Xoykebu (mpumepno 1666—1713) (Puc. 4.8).° Kpusommio-
MIATYHHBI MEXaHU3M U IIKAB OBOPAUYMBAIOT MaJIEHbKOE KOJIECO, KOTOPOE Bpa-
MAET CTEKJISTHHBIN I1ap. XoyKcOu HATHPaJ BHEIIHIOIO IOBEPXHOCTH BPAIIAIONIe-
rocs mapa JMCTOM OyMard WM TOJIBIMA PYyKaMu. Takoi HHCTPYMEHT HAa3bIBAIOT
[TO-PA3HOMY: IAECKMPUYECKAA MAWUHG, IACKMPOCTNAMUYECKAS MAWUUHA, MPUOO-
INEKMPUNECKUT 2€HEPAMOP TITA INEKMPUMECKUT 2€HEPATNOP MPEHU.

OKCIEPUMEHTDI, aHAJIOTUIHBIE IKcIiepuMenTaM ['epuke, nposBogumch I'peem
u Ppsucucom Xoykcdbu B 1708 romy. B ombirax I'pes u Xoykcebu nepo mnputsi-
TUBAJIOCH, & 3aTe€M OTTAJKUBAJIOCH HATEPTHIM (DJIUHTIIACOM — 9TO OCOOBIH BU/T
cozepzkamiero ceunern creka.5 ITosyKe MBI YBUINM, YTO 3TOT SKCIIEPHMEHT CBIT-
paJI PeMIaoIyo poJjib B BEJIUKOM OTKpbITHH, caeranHoM [lode. Crarbsa 'pes
1708 roma me GbLaa omybsHKOBaHA BILIOTH 10 1954 roma.” I'peit me murupy-

4[RR57, cTp. 565—568|, [Kra8l] u [Hei99, ctp. 215—216].

5[Hau09, Plate VII], [RR57, ctp. 565—568], [Hom67|, [Hom81, crp. xiv-xv, 14, 42, 77 u
78n|, [Que|, [Hei81d] u [Hei99, crp. 230—234].

6[Chi54], [Haub], [RR57, ctp. 570 u 584—585|, [Hom81, ctp. 13] u [Hei99, crp. 235—236].

7[Chi54].
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Puc. 4.8: Duekrpudeckast Mamunaa X0yKcOu.

er KHUry [epuke, HO BIOJIHE BO3MOXKHO, UTO OH OBLI 3HAKOM C €ro paboToii,
XOTsI 9TO TPYJHO IPOBEPUTH. XOYKCOM BUEJ OPUTMHAJBHYIO CTAThbio ['pes u
CHITPAJI OIIPEJIeICHHYIO POJIb B HOJABICHHN ee mybmmkanmm.® Xoykcou omy6ru-
KOBAJI aHAJIOTHIHBIE SKCIIEPUMEHTDI C TIJIABAIOIIUMA MEPhIMU 0€3 yIOMUHAHUST
nmenn I'pes.

B cBoeii pabore 1708 roma I'peit onmcan aseHagaTh SKCIEPUMEHTOB C HUC-
MIOJTb30BAHUEM CTEKJISTHHONW TpyOKu myumaoit or 70 mo 80 ¢cM u gmaMeTpoM OT
2 10 3 cm. On HaTmpaJ TpyOKy TOJBIMU PYKAMHU. 3I€Ch MBI IIUTAPYEM TOJBKO
HepBble JeThIPe IKCIIeprMeHTa.:”

OkcnepuMent 1-it. Bomyiennoe u3 nasbles IIyXoBoe Hepo IPHOJIH-
3UJIOCH K [HATEPTOH| CTeK/IAHHOM [TpybKe| Ha paccrosuue Gomee 30
JUOHMOB [76 cM], HEKOTOpPbIE U3 CAMBIX MaJIeHbKUX BOJIOKOH OTBETH-
JI TOT/Ia Ha JIBUXKEHHE PYKH, B TO BpeMsi KaK TPEHHe CTeKJIa JieJIa-
JIoch Ha paccrosanu 6osiee 50 moiimos [1,3 M|. [Wmoctparmst sToro
9KcIepuMenTa Jaercst Ha Puc. 4.9 n 4.10.]

OxkcrepumenTt 2-it. Ecju, Korma mepo npubIM3UTCs K CTEKILy, Jep-
JKaTh €ro IPUMEPHO Ha paccTosiHuu 6 mian 8 jroimos [15 nim 20 cM]
OT 00bEKTa THUIA MTOBEPXHOCTH CTEHKH, Kpasl CTOJa, PYIKH CTyJa 1
T.II., OHO MPHUTSHETCS K ITOMY OOBEKTY, a 3aTeM OOpaTHO K CTEK-
ay, u Tak 10 mwam 15 pas, He mepecraBas jeTaThb K 00bEKTY Ha BCE

8[Hei81c| u [Hei99, cTp. 236].
9[Chi54, crp. 34—35].
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Puc. 4.9: TlyxoBoe mepo ocBoboX) naercsi BOJIN3U HEHATEPTON CTEKJISTHHON TpyO-
k. OHO MasaeT Ha 3eMJTIO.
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Puc. 4.10: 9rcnepument ['pest, moKa3bIBAIOIIMIT IPUTS2KEHUE ITyXOBOTO II€pa, Ha-
TEPTHIM CTEKJIOM.

6oJIbIllee PACCTOSIHME, HO 3aTEM I[IEPECTAET BO3BPAIIATHCA O0OPATHO.
[Msumoctpanus sroro sxcuepuMenta jgaercs xa Puc. 4.11.]

Oxkcrnepument 3-it. Korma mepo HaxomuTcst HAa CTEKJIe, U HEKOTOPHIE
€r0 BOJIOKHA BBITAHYTBHI K HEMY, a Jpyrue TAHYTCdA OT HEro B BHUJE
JBYX KOHYCOB, PacXOJMAIINXCA B HallpaBJIeHUN OT CTeKJa, eCc/id, KO-
rJia Iepo HaXOAUTCS B 3TOM IIOJIO?KEHUH, 3a2KaTh €r0 BOJIOKHA MEXK/LY
OOJILIIINM U YKA3aTEJIHLHBIM IAJIBIIAMU, OHU IIPUTIHYTCSA 0OPATHO TaK
OBICTPO, YTO HEMEJJIEHHO MPWINITHYT K CTEK/Iy U, KaK OyJITO IOM-
Hs O HAHECEHHOM WM YBedYbe, OHU B JAJbHEHIEM BCIYECKUA OYIyT
n30eraTh BaIlH HAJIbIIbI, HO 9TO OBIBAET HE BCET/IA TAK, KAK OIMUCAHO.

DxkcrepuMeHT 4-#1. Korna rmepo npuTsHyI0Ch K CTEKJIy U OTPa3UIOCh
OT HEro, ecJi BbI OyJeTe Mpec/eIoBaTh ero CTEKJIOM, OHO OyJer Oe-
JKaTh OT HEro, U HEBO3MOYXKHO OyIeT 3aCTaBUTh €ro IPUKOCHYTbCS
K HeMy, [TIOKa He TOJOTHATH €ro OJM3KO K CTE€HE B KOMHATE WU K
KaKOMY-JTN0O JIPYyroMy TBEPAOMY IPEIMEeTY, K KOTOPOMY OH TIPHUTSI-
HeTCa U JOOPOBOBLHO BEPHETCsT OOPATHO K CTEKJIY, IMTOBTOPsIsi CBOU
OTpaXkeHnsl, KaK OIIMCAHO BO BTOPOM 3KCIIEPDUMEHTE, TAK YTO S MHO-
I/l HOCHJI [Iepo 110 KOMHATE Ha PAaccTosiHust 5 uin 6 aroiimos [13 niam
15 cM], He KacasiCh €ro, U MOI' [IEPEMECTUTb ero BBEPX, BHHU3, C Ha-
KJIOHOM, MWW TOPU3OHTAJIBLHO TI0 TPSIMOU JUHUW WJIN OKPYKHOCTH,
B COOTBETCTBHUU C JIBU2KEHUEM CTEKJIa, U €CJId, KOrJla Iepo ILIaBa-
JIO B BO3JIyXe, S HATUPAJI CTEKJIO, IIEPO YIAJISTIOCH €Ile JTAJBIIE OT
HEro, U BCE K€ Pearupys Ha JIBUKEHUsI MOEH PYyKU BUOPUPYIONIAM
JIBUYKEHNEM, KOTOPOE HE CBSI3aHO C KOJIEOAHUSIMU BO3LyXa.
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Puc. 4.11: Drcuepument I'pest, MOKA3BIBAIOINIMIT OCIUJUIAIINN IIyXOBOIO Iepa
MeK/1y HaTe€PThIM CTEKJIOM 1 CTEHKO1A.

4.3 rode npu3HaeT JIEKTPUIECKOE OTTAJIKNBA-
HUEe KaK CAMOCTOATeJIbHOE SBJIEHUE

DKCIEPUMEHTHI, OMUCAHHBIE B 3THX PA3JIeJIaX IIPUBHOCIT YTO-TO HOBOE W Ipe3-
BBIYANHO BaKHOE. Z];O CUX IIOP MBI Ha6.HIO)]‘aJ'H/I TOJIBKO IIpUTAZKEHUE UJIN OTCYT-
CTBUE MPUTSYKEHUS] MEXKJTy HATEPTHIM TEJIOM M OKPYKAIOIIMMU JIETKUMHU 1P/l
Meramu. Termepb Mbl BUJIUM, UTO €CTh TaKYKe JIEKTPUUIECKOE OMMAAKUCALHUE.
XOTsT HEKOTOPBIE UCCIIEI0BATEN N HADJIIOMAIN HEOJHOKPATHO IJIEKTPUIECKOE
OTTaJKUBaHME, €ro OOBIYHO WHTEPIPETUPOBAIN KaK BTOPUYHBIN 3ddert. 1Ho-
7@ 9TO sIBJIEHNE WHTEPIIPETUPOBAJIOCH TOJIBKO KaK KAHCYU,EECH OTTAIKABAHUE.
MbI npuBOAKM 3/1€Ch HECKOJIBKO aJIbTepPHATUBHBIX 00bscHenuii. (a) Hekoropbie
JIIOJIU TIOJIAraJIM, 9TO TAaKOe IOBeJeHrWe ObLIO BBI3BAHO IOTOKOM BO3/yXa, KO-
TOpBI yHOCHII Jierkue Tesia oT Harteproro Tesa. (b) Jpyras mHTepmpeTarius
3aKJIIOYAJIACH B TOM, UTO 3TO KGIICYWELECH OTTAIKUBAHAE €CThb HA CAMOM JIeJe
MIPUTSZKEHUE, OKA3bIBAEMOE JIDYTUMHU OKPY2KAIOIMIAMH TeJIaMU Ha, JIETKUE IIPeJI-
MeThl. To ecTh, COrVIACHO 9TOI MHTEPIPETAIINN, ITO HE HATEPTHIN SHTAPb HAYUU-
HaJI OTTAJIKABATD JIETKHUE MPEJMETHI, a JIETKUEe MpeMeThl (haKTUIECKU TPUTSI-
TUBAJINCDH JIPYTUMU OJIA3JIEKAIUMEI TeJIaMU, KOTOPble KAKUM-TO 00Pa30M IPH-
obpesin HEKOTOpOe JieKTpudecTBO. Eciau 661 9T0 OBLIO TaK, JIEKOE TEJIO MOIJIO
OTOMTH OT HATEPTOTO SHTAPS, €CJIU OHO UCIIBITHLIBAJIO MEHbIIIEe IIPUTSIKEHNE OT
SIHTApsl, 9YeM OT OKpyzKamomux reji. (¢) Ipyras unrepnperanus, KOTopas UHO-
IJIa BBIJBUTAJIACH JJISI HADJIIOJAEMOT0 OTTAJKUBAHUSI, TPOBOIIIA AHAJIOIHIO C
coynapenueM. To ecThb TeJIo TepBOHAYAILHO MPUTITUBACTCS K HATEPTOMY sTHTa-
PO, CTAJIKMBAETCSI C HUM, & 3aT€M OTCKaKMBAET Ha PaCCTOSTHUE. DTOT OTCKOK
HCTOJIKOBBIBAJICS KAK MEXaHUUIECKOe JIefICTBHE, a He KaK IOJJINHHOE JIEKTPUIe-
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CKO€ OTTaJKUBaHUE.

Tosbko ¢ mybsmkanueit pabor [Hapaa @pancya dode B 1733 u 1734 ronax,
OTTaJKUBaHUE OBLJIO IPU3HAHO B KAYECTBE 3aKOHHOI'O M XapaKTEPHOI'O sBJIe-
HUs 9J1eKTputeckux Bzanmosefictsuit. !0 Ectnb xopomas 6norpadus Tiode (Puc.
4.12), namucannas Xeitn6pornom.!! Cremys mepsonaugambabiM paboram 'pes,
Hiode ymamoch omyOJUKOBATH HECKOJIBKO 3aMEYaTe/IbHBIX HAYYHBIX CTATEHl C
byHIAMEHTATLHBIME OTKPBITHAME 110 3/IeKTPUUECTBY. 2

Puc. 4.12: Tiode (1698—1739).

31ech MBI puBoUM cjioBa Jlrode, onuchiBaonye Kak OH MPUIIES K BBIBO-
JTy, ITO 3JIeKTPUYECKOe OTTATKHBAHHE eCTh peajibHoe fBjenne (Kypcus Ham).!?
Nurepecno ormeruts, uTo cam Jlfode M3HATAIBHO HE CINTA OTTAJIKUBAHUE Pe-
aJIbHBIM fIBJICHHEM, HO II032Ke 3KCIIepUMEHTAIbHbIe CBUIeTeIbCTa BIHYIUIN €TI0

U3MEHUTh cBoe MHeHwue:

10[Hei99, crp. 5 u 255—258)].

11 [Hei81b].

12|DF33al, [DF33c|, [DF33d|, [DF33b], [DF|, [DF34a|, [DF34b|, [DF37b] u [DF37a|.

13[DF33b, crp. 457—458].

44pDe I’Attraction € Répulsion des Corps Electriques.

Nous avons totijours considéré jusqu’a présent la vertu électrique en général, & sous ce mot
on a entendu non seulement la vertu qu’ont les corps électriques d’attirer, mais aussi celle
de repousser les corps qu’ils ont attirés. Cette repulsion n’est pas totjours constante, & elle
est sujette & des variétés qui m’ont engagé a ’examiner avec soin, & je crois avoir découvert
quelques principles trés-simples qu’on n’avoit point encore supcgonnés, & qui rendent raison
de toutes ces varietés, ensorte que je ne connois jusqu’a présent aucune expérience qui ne s’y
accorde trés-naturellement.

J’avois observé que les corps légers n’etoient ordinairement repoussés par le tube que lorsque
I’on en approchoit quelque corps d’un volume un peu considérable, & cela me faisoit penser que
ces derniers corps étoient rendus électriques par 'approche du tube, & qu’alors ils attiroient
a leur tour le duvet, ou la feuille d’or, & qu’ainsi il étoit totijours attiré, soit par le tube, soit
par les corps voisins, mais qu’il n’y avoit jamais de répulsion réelle.

Une expérience que M. de Reaumur m’indiqua, s’oppsoit & cette explication; elle consiste &
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(0] npumANCERHUU U OMMANKUBAHUU, INEKIMPUUECKUL TEN.

Jlo ceromHsIIHEero mHsS MBI BCETJa PACCMATPUBAJN SJIEKTPUIECKYIO
CUJIy B TIEJIOM, W TIOJT 3THM CJIOBOM MbI IIOHAMAJU HE TOJBKO CIO-
COGHOCTD TeJI 3JEKTPUYECKN MPHUTATUBATH JIPYTHE TeJa, HO TaKKe
CIIOCOOHOCTH OTTAJIKUBATDH TEJa, KOTOPbIE OHU MPHUTATUBAIOT. JTO
OTTAJIKHBAaHUE He BCeria IIOCTOAHHO, U OHO IOJIBEPKEHO M3MEHEHU-
SIM, YTO 3aCTABHJIO MEHsl PACCMOTPETH 3TOT BOIPOC BHUMATEJBHO,
W s CYIUTAIO, YTO OOHAPYYKUJ HEKOTOPBIE OYEHb MPOCTHIE MTPUHIIU-
IIbI, O KOTOPBIX €I¢ HUKTO HE MOJ03PEBaJ, I KOTOPBIC OObACHIIOT
BCE 3TH BApUAIMU TAKUM 00OpA30M, 9TO 4 HE 3HAIO MOKA HU OJHOTO
OIBITA, KOTOPBIHl €CTECTBEHHBIM O0pPA30M MPOTHBOPEUMI OBl [9THM
IPUHIIAM].

$1 3aMeTUJI, 9TO JIETKHUE Teja, KaK MPABHIIO, TOJbLKO OTTAIKABAIACH
[mareproii crerisHHOI| TPYOKOM, KOTa MbI IIOHOCAM K [9THM Jier-
KHUM TesiaM| Jiio6ble [1pyrre| Tesa, mMerone SHAUNTETbHBIN 00beM,
U 5TO 38CTABUJIO MEHsI IIPEIIIOJIOKATh, UTO ITH IOCIIEIHNE [GonbInne]
Tesa ObUIM 3JeKTPU30BAHBLI IPUOIMKeHHEM TPYOKH, U UTO TaKUM
€11ocoboM 3TO [1erkoe Tesio] Beera NPUTATUBAJIOCH, 60 TPYOKOil,
WJIN OKPY?KAIONTAME |[GOJIBITAME| TeJIAMA MaKkum 06pa3om, 4mo Hu-
k0200 U HE BBILAO PEANLHORO OTNVMANKUCHHU.

O tHaKO, SKCIIEPUMEHT, Ha KOTOPBII 00paTHI MOe BHUMAHUE T-H JIe
Peomtop [René Antoine Ferchault de Réaumur, (1683—1757)], upo-
TUBOPEYMIT 3TOMY 00bsiCHeHII0. OH COCTOUT B Pa3MEINeHUN TOPOXa
BO/IM3M Kpas KAPThI, TIOJHECEHUN K 9TOMY MOPOINKY TPYOKH 3JI€K-
TPU30BAHHOIO HMCIAHCKOTO BOCKA, W HADJIIOIEHUIO, YTO OHA ITPUTS-
ruBaeT oOpaTHO JTI0OBIe 3epHa 3a MpeaeaMi KapThl. B aToMm citydae
HE MOXKET ObITh MOJO3PEHUI, YTO 3epHA ObLIN MPUTAHYTHI JPYTHUM
OJIN3/IEKAIIUM TEJIOM.

Jlpyroil sKCIepuMeHT, TaKoil »Ke MPOCTON KakK 3TOT, U Jaxke OoJiee
qyBCTBUTEJLHBIN, y0edus Mena 6 A0dcHocmu moeti 2unomesnt. 11pu
Pa3MeIIEHUH 30JI0ThIX JINCTUKOB HA KPUCTAJLI, U [IOJIHECEHUY [HATEP-
TON CTEKJISIHHOM| TPYOKM CHU3Y, 30JI0THIE JINCThS BBITAJKUBAIOTCS
BBEpX, U He MMaJIaloT 00paTHO Ha KpHUcTa/a. KoHedHO, MBI HE MOXKEM
OOBSICHUTD 9TO JIBUKEHHUE [BBEPX| NPUTsIKEHUEM COoce(Hero resia. To
2Ke caMoe IIPOUCXOJAUT C IIBETHON IIPOBOJIOYHON CETKOI U ¢ APYIUMU

poser au bord d’une carte un petit monceau de poudre & mettre sur I’écriture, on approche
de ce monceau un baton de cire d’Espagne rendu électrique, & on voit trés-clairement qu’il
chasse au de-1a de la carte des particules de poudre, sans qu’on puisse supgonner qu’elles soient

attirées par aucun corps voisin.

Une autre expérience aussi simple, & encore plus sensible, acheva de me prouver que ma
conjecture étoit fausse. Si 'on met des feuilles d’or sur une glace, & que l'on approche le
tube par dessous, les feuilles sont chassées en haut sans retomber sur le glace, & on ne peut
certainement expliquer ce mouvement par ’attraction d’aucun corps voisin. La méme chose
arrive a travers la gaze de couleur, & les autres corps qui laissent passer les écoulements
électriques, en forte qu’on ne peut pas douter qu’il n’y ait une répulsion réelle dans ’action

des corps électriques.”
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TeJIaMU, KOTOPbIE JJOIIYCKaIOT ITPOXO2KIEHUE JJIEKTPUIECKUX IIOTOKOB
TaKHUM 06pa30M, Y9TO MbI HE MO2KEM COMHEBATLCA B TOM, YTO peaJib-
HO€ OTTaJIKUBaHUE CYIIECTBYET B ‘HeﬁCTBHI/I QJICKTPUYIECKUX TeJI.

4.4 DIEKTPUYECKHU MasITHUK

Yr06bl 0OHADPYKUTH JAPYTUE JIEKTPUUECKUE SBJIEHUS 0OJiee JeTKO, HAM HYK-
HBI OIIPEJIeJIEHHBIE MHCTPYMEHTHI. Terephb MbI IOCTPOUM IAEKMPUYECKUT, MAAT-
HUK, KOTOPBII WHOT/IA HA3BIBAIOT IAEKMPOCNAMUYNCCKUM Mmasmuurom. TIporie
BCETO 9TO MOYKHO CJIEJIaTh, MOJBECHUB IIEJKOBYIO HUTh K TOPU30HTAJIBHOM OIO-
pe, HallpuMep, K IJIACTUKOBOI COJIOMKe. BbI MOKeTe UCII0JIb30BaTh TAKKe TOH-
KYIO HUTh U3 CHHTETHIECKOrO IMOJITNaMUJIa, HAIIPUMED, HElJIOHA Wi [TOJINICTEPA.
Baosicro ommemumob, 4mo ama Hums He J0AACHA ObLMb U320MOBAEHA U3 TAONKA
UAU ADHA, MUNG WEetHot Humu. Mbl TPUBA3BIBAEM JINCTOK OyMAaru WId aJio-
MUHHUEBOI (DOJIBIU K HUXKHEMY CBODOJHOMY KOHILY HUTH. DTOT KyCOK OyMaru
MOXKET OBITh B (pOpMe JIUCKa, KBaJpara, TPEyTOJbHUKA U T..I., C JIUAMETPOM UJIU
HanboJIbIel AIuHON mopsiika 1 wiau 2 cM. B Hacrosiiiee BpeMst ero popma He
OyaeT uMeTh 3HAUYeHNsI. ByMarkka He JOJIKHA OBITh MSTOI UJIU IIPUKPEILIEHA K
HATHU JUIKO# JieHTol. CKOTY MOXKET CKPBITh OT HAOJIONEHUS HEKOTOPBIE siBJIe-
HUs, KOTOPBIe OYIYT OMUCAHDI 3/1eCh. JlydIlle BCEro c/ie1aTb OTBEPCTUE B JIUCTE
OyMaru ¢ IOMOINBIO INTHIPS, IIPOJETh HUTH U€pe3 9TO OTBEPCTHE, U CJIEJIATh
y3esouek Ha KoHne Hutn (Puc. 4.13). O6prano amoMunnesast dhosbra paboraer
Jrydrie, dem obbraHas Oymara. B pasmene 6.5 MbI BBejieM OCHOBHBIE KOMITOHEHTHI
JIEKTPUIECKOT0 MAsITHUKA, KAK 9TOT, II0CJIe TOTO, KAK MbI IIPOBEIEM HECKOJIHBKO
9KCIIEPUMEHTOB C HUM.

wenkosaa HUTb

(O BymarkHbIN anckK
Puc. 4.13: IIpocToit cioco6 mpUroTOBIEHUS JIEKTPUIECKOTO MASTHUKA.

Jpyroit mpocToit MeToJ| OCHOBAH Ha WCIIOJIb30BAHUN (PUKCHPOBAHHBIX ILJIa-
CTUKOBBIX COJIOMOK. CHavaJa Mbl JI€JIA€M OLOPY [IJIst BCEl CHCTEMbI. DTO MOYXKET
OBITH, HAIIPUMED, TPOCTO KYCOK IIACTU/IMHA C BOTKHYTHIM B HET'O TBO3/IEM HUJIU
ckpenkoit. ['Bo3/ib ciieyeT OMeCTUTh BHYTPh COJOMKH JIJIsl TIOJJIEPIKAHISA €TI0
B BEPTUKAJIHHOM ITOJIOXKEHWUH, TAK ITO TOJIIUHY ¥ JJIMHY TBO3/IsI CJIEIYeT MO0~
OpaThb COOTBETCTBYIONUM 00Pa30M.

OdeHb IPOCTYIO OMOPY MOYXKHO TPUTOTOBUTH U3 TOHKOIO ILJIACTHKOBOTO CTa-
KaHInKa Jjid Kode. Mbl fgemaeM HEOOJBITOE OTBEPCTHE HA HE CTAKAHIUKA, U
npojieBaeM 00e HOXKKM CKpernKu depe3 Hero. CTakaH CTOUT OTKPBITONH YacThIO
BBepX. MBI 3aII0JIHSIEM €r0 TeCTOM W3 BJIAYXKHOIO T'UIICA UJIH BJIAYXKHOTO 6eoro
[EMEHTA. 3aCTBhIBAHUE IIPOUCXOUT B 9TOM IIOJIOKEHUH, IIOCJIE Yero MbI IIEePEeBO-
padMBaeM CTaKaH TaK, 9To0bI CKpenKa ykasbiBasa Beepx (Puc. 4.14). TTockoabKy
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9TOT BUJ OIIOPBI 6y,D;eT HCIIOJIb30BaH TaK2Ke JIJId IIPUTI'OTOBJICHUA APYIUX 3JICK-
TPUIECKUX IIpI/I60pOB, nmMeeT CMbICJI ITIOAT'OTOBUTH HECKOJIBKO IITYK Cpa3y. Heko-
TOpPBbIE€ IKCIIEPUMEHTHBI MOT'YyT HOTp€6OBaTb a0 10 OIIOP.

@@A

Puc. 4.14: Onopa 3/ieKTpUYIecKOro MasiTHUKA, M3TOTOBJIEHHAS] U3 TOHKOTO ILjIa-
CTUKOBOTO CTAKAHIWKA )11 KOe, CKPEIKN U THIICOBOTO TECTA.

ITocste 3TO#t 1MpOIIE/LyPBI MBI pa3MeliaeM COJIOMKY B (opMe IepeBepHyTOil
6ykebl L nHa omopy. B kadecTBe Apyroro BapmaHTa MOXKHO WCIIOJIB30BATH JIBE
COJIOMKH; OJIHY W3 HAX pPa3MeIlaeM BEePTHKAJIbHO HAa OIOpe, a JIPYIYIo IOpu-
30HTAJBHO. BTOPYIO COJIOMKY KpPEIuM K IIEPBOil COJIOMKE C IOMOIIBIO JIPYToil
ckpenku. Hoxkku 310l BTOpO#l ckpenku obpa3yioT yroa B 90° — oiHa HOra 110
BEPTHUKAJIH, a JIpyTasi 110 TOPU30HTAJIN.

Ha c¢B0GOHOM KOHIIE FOPU30HTAJILHON COJIOMKHU MBI IIPUKPEILISIEM IIEeJIKO-
BYIO HUTBH ¢ OyMarXHBIM JUCKOM B HUXKHEH ee uactu. Hamr sjmekTpuaeckuit ma-
arauk roros (Puc. 4.15).

LenKoBaA HUTb

6YMarKHbIN AUCK

Puc. 4.15: DnekTpuyeckuii MasgTHUK C OCHOBaHUEM.

OkcrniepumeHTt 4.5

MbI MOHTHpYEM 3JIEKTPUYECKUIl MASITHUK C OYMarXHBIM JINCKOM Ha KOHIIE.
Krem, moka MagTHHK He HPHUIET B COCTOSTHUU IOKOsi, B KOTOPOM IIEJIKOBAas
HUATH C OYMarKHBIM JIMCKOM BHCHAT BEPTHKAJIbHO BHU3. Tenepsb Oepem HeHTPasIb-
HYIO TIJIACTUKOBYIO COJIOMKY, TO €CTh COJIOMKY, KOTOpas He IIPUTITUBAET JIETKIE
Kycoukn GymMaru Ha cToJie, Kak ommcaHo B skcrnepumente 2.1 (Puc. 2.1). Mbt
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[TOJTHOCUM 3TY HEHTPAJBHYIO IJIACTUKOBYIO COJIOMKY OJIM3KO K OYMaXKHOMY JTUC-
Ky 39JIEKTPHUYECKOI'O MasTHHKa. HI/I‘{QFO HE IIPOUCXO/UT. MaHTHI/IK IIOKOUTCA B
BEPTUKAJBHOM IIOJIOKEHUH.

Mpb1 HaTHpaeM JAPYryI COJIOMKY OYyMAaKHBIM JIMCTOM, BOJIOCAMU WJIH KYCKOM
TKanu. Harepryio COJIOMKY MeJJIEHHO TOJHOCUM K MasgTHHUKY. MbI 3aMedaem,
9T0 OYMaXKHBIN JINCK HAYMHAET JBUTATHLCSA N0 HAIPABJIECHUIO K HATEPTOU IaCTH
cosoMku. [Ipu 3TOM MBI Clle UM 3a TeM, YTOOLI OHU HE COMPUKOCHYJINCH. B 3T0it
CUTYaIlUU IIEJIKOBasi HUTh MasiTHIUKA, OCTAETCs II0J1 YIJIOM K BEPTUKAJIM, [IPUIEM
OyMaXKHBIN JUCK 3aHUMaeT OJM3KOoe K HATePTOH YacTh IJIACTUKOBOI COJIOMKH
nostoxenne (Puc. 4.16).

()

(&

Puc. 4.16: HarepTbIil miracTuk TpUTATTBAET OyMAaKHBII IUCK PACIIOJIOKEHHOTO
PSLIOM JIEKTPHIECKOTO MASITHUKA.

DTOT HKCIIEPUMEHT AHAJOTUIEH IKCIEPUMEHTY 2.1, MOKA3BIBAOIIEMY TTPUTSI-
JKEHUE MEXKJy HATEPTON COJIOMKON M MasgTHHKOM. Tenepb y HAC €CThb TPETHil
KPUTEpUil Jid OlpeJie/IeHusd, ABJIAETCA JIM TEeJIO IAECKMPUYECKU HEeUMPAALHIM.
IlepBriit KpuTepHil OBLT IPEJACTABIIEH B SKCIIEPUMEHTE 2.1: T€JIO He JTOI2KHO 0/
OupaTh JieKalue BHU3Y JIeTKHe Teja. BTopoit Kputepuit OCHOBaH Ha YKCIIEPH-
MeHTe 3.1: TeJI0 He JIOKHO OPUEHTUPOBATH METALTUYIECKU BepcopuyM. Tperuit
KPUTEPpAH MOKa3aH 37eCh: HATh COXPaHsAET BEPTUKAJBHOE IIOJIOXKEHNE PAINOM C
K TPUIECKUM MASITHUKOM. 3GPAHCEHHOE MeAO, HAIPOTHUB, TSHET JIETKUe Teja
BBEPX, OPUEHTUPYET BEPCOPUYMbI, I U3MEHSIET YI0JI OTKJIOHEHUA HUTH 3JIEKTPU-
9eCKOI'0 MasdTHHUKA.

dkcnepumenT 4.6

Mpbl MOXKeM 3aCTaBUTh OyMa)kKHBIN JINCK CJIEJIOBATH 33 JIBUXKEHUEM HATep-
TOrO ILJIACTUKA, IepeMelias ILIACTUK MeIJIeHHO Tyja u OOpaTHO Mepes MasiT-
uukoM. Iloka He ciefyer MOAHOCHTH WX OYEHb OJIM3KO APYT K JAPYTY, C TeM
9TOOBI TPEIOTBPATUTDL KOHTAKT. B 9TOM ciiydae, KOrja ILUIACTUK II€PEMEIAET-
cs B HAIIPABJIEHUU MAasTHUAKA, OyMAaXKHbBIH JUCK MPUOJIMAKAETCA K IJIACTUKY, &
KOT/JIa, TTACTHUK Y/IAJISIETCSI OT MAsITHUKA, HUTh C OYMAXKHBIM JTUCKOM CTPEMUTCS
BEPHYTHCSA B UCXOJHOE BepTHKajbHOoe nosioxkenne (Puc. 4.17).

Okcnepumenrt 4.7
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Puc. 4.17: DnekTpuvecknii MasiTHUK CJIejIyeT 3a JIBUYKEHHEM HATEPTOTO KyCKa
wiactuka. (a) Ecim comomka nmomHOCHTCsl GJIM3KO K GyMAayKHOMY JUCKY, JMCK
nepememmaercs K memy. (b) Korma cosovka yaansiercs, MagTHUK BO3BPAIIAETCS
B BePTHUKAJIbLHOE IIOJIO?KEHUE.

Mpebr moBTOpsiem 3KcrepuMenT 4.5. Ho Tenepb MBI TOZHOCHM HATEPTHIN ITa-
CTHUK OJIKe K OyMarKHOMY JIMCKY, TIO3BOJIsISI UM BCTYIIUThH B KOHTAKT. 3aMETHM,
9TO MASITHUK CHAYAJIa IPUTATUBAETCS, U BCKOPE IIOCJIE STOTO OTTAJIKABAETCS OT
HaTepToro niactukal B mpomerkyTke MexK/ly HMPUTSKEHUEM U OTTAJIKHBAHUEM
[IPOUCXOJUT UTO-TO BayKHOE: CONPUKOCHOBeHUE OYMarKHOTO JUCKA U HATEPTO-
ro mwractuka. [locae aToro KoHTakTa OymMara n3deraerT HATEPTYIO COJIOMKY ITPHU
nonbiTKe cBecTr ux BMecre (Puc. 4.18).

(a) (b) (c)

Puc. 4.18: (a) BymazkHblii JUCK N3HAYAIBHO IIPUTATUBACTCS HATEPTHIM IIIACTH-
koM, (b) Tporaer ero, u noroMm (c) orrajkupaercss or cojoMku. Byksa C Ha
OyMZKHOM JIMCKE O3HAIAET KOHTAKT.

WNuorma 6yMarkHBII UCK HE CPA3y OTCKAKUBAET OT HATEPTOI'O ILIACTUKA I10-
cJle KOHTAKTa, OCTABasCh B KOHTAKTE C HUM B TeUeHUE HECKOJIbKHUX CEKYHJ. B

TaKHUX CJIydadX CJIelyeT CJeTKa IIOCTy4d9aTh 110 COJIOMKE, 4TOOBI OCBO60,ILI/ITB JUCK,
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II0CJIe Yero MOXKHO CHOBA HAOJIIOATH OTTAJKHBaHME. MOXKHO TakKe MOTPSCTH
COJIOMKY 9YTb-9yTb, 9TOOBI OCBOOO/IUTDL JUCK, WA CAYyTh €ro JieroubKo. [locste
OCBODOXKIIEHUSI, JINCK, KAK IIPABUJIO, OTTAJKUBAETCA OT HATEPTOrO IJIACTHKa. B
HEKOTOPBIX CJIydasix Tpebyercs 2 miu 3 MPUTSKEHUs JINCKa HATEPTON COJIOM-
KO, KayKJIpIiI pa3 JOBOJIS MPUTSKEHNE IO KOHTAKTA, IPEXKIEe IeM MBI CMOYKEM
HaOJIIOIATH OTTAJIKUBAHNE MEXKIy HUMHU.

DTO OTTAJIKUBAHUE [TOCJE KOHTAKTA C HATEPTHIM TEJIOM BO3MOYKHO UMEJIO Me-
CTO JIJIST HEKOTOPBIX 00bEKTOB B 9KcrepuMenTax 2.1, 2.3 u 2.4. Ho B aTux 3Kcrre-
pUMeHTax Jierkue 00beKThl — KOIJIa OHU OOJIbINE He HAXOJATCS B KOHTAKTE C Ha-
TEPTHIM IJACTUKOM — HaJAI0T Ha 3€MJI0 U3-33 IPABUTAIMOHHOIO IIPUTAYKEHUS
3emutn. U He JIerKO OTJIMYIUTD 9TO MPUTSIZKEHNE 3€MJIU OT BO3MOXKHOTO OTTAJIKHU-
BaHUs, OKA3bIBAEMOI'0 HA HUX HATEPTHIM ILIACTUKOM, KOTODBIH OBLI Pa3MerieH
Ha l HuMU. [[penMyIecTBo 3JIeKTPUIECKOr0 MAaITHUKA COCTOUT B TOM, UTO II€JI-
KOBasi HUTh YPaBHOBEIINBAET I'PABUTAIIMOHHOE IIPUTSZKEHNE OyMaXKHOIO JIUCKA,
Semiteit. Korma aumck orTajgkuBaeTcs OT HATEPTOH COJIOMKH ITOC/IE KOHTAKTA,
HATsKEHUE TIeJIKOBOM HUTH HE JIAeT €My yIacTh HA 3eMJII0. DTO 3HAUUTEHHO
obJreryaeT HAOJIIO[EHNE OTTAJIKUBAHUS MEXK Iy HATEPTHIM IIJIACTUKOM U OyMaXK-
HBIM JIUCKOM II0CJIE KOHTAKTa.

B n060M corydae, mpoeeis sxciepuMenTsl 2.1, 2.3 u 2.4 eme pas3, Mbl MOXKeM
OTJIMYUATH JIEKTPUUECKOE OTTAJKUBAHHE I10CJIE KOHTAKTa OT JeHCTBYIONIETO O/I-
HOBPEMEHHO C HUM I'DaBUTAIMOHHOIO IIPUTSKEHUA, €CJIU Mbl IIPOAHAJIN3UPYEM
THIATEIBHO BCe JIeTaIN ITUX IKCIEPIMEHTOB.

OkcniepumenT 4.8

Mpr moBTOpHO TPOBOJAUM Terepb dKciepuMmenT 4.7. IlepBoHadaabHO MasiT-
HUK HPUTSTUBAET HATEPTHII IJIACTUK, KACAETC €r0 U HAUMHAET OTTAJIKIBATHCS
mocJie 0cBOOOXK IeHusA. Mbl 3aTeM yiaajiseM HATEPTHIN MIACTHK, U JUCK BO3BPA-
MAETCS B BEPTUKAJBHOE TOJIOKeHne. Ternepb Mbl TOJHOCUM HEHTPAIBHYIO Jie-
PEBSIHHYIO IMNAayKKy (MM JMCT OyMaru, WM Hall majer) OJU3KO K OyMarXKHO-
My JHUCKY. DTO HYXKHO JeJIaTh OYeHb MEJJIEHHO C TeM, YTOOBI IPEOTBPATUTH
KOHTaKT. MbI Hab/II0/1a€M, UTO HUTDH CKJIOHSAETCS K IIIAYXKKe, CBUIETEILCTBYS O
IPUTSKEHNH GyMazkHOro jucka mmaxkkoii (Puc. 4.19).

Puc. 4.19: Dnexrpudeckuit MasTHUK, KOTOPBIN OTTAJIKUBAJICS HATEPTOM COJIOM-
KOI IIOCJIe UX CONPUKOCHOBEHU, TellePb IPUTATUBaeTCs HeUTpabHOU JiepeBsH-
HOHI MIITaXKKOi1.
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Kak mbl Buzesnu B paszese 3.5, 9TO NPUTSKEHUE O3HAYAET, YTO MASITHUK
JIEKTPUYECKH 3apsiuiics B 9kcrepuMente 4.7. Mbr ucnonbzoBasnu 6yksy F' s
0003HAYEHN JIEKTPU3AINH HEHTPAJILHOTO IIACTUKA Yepe3 mperue. Mbl BUIuM
Terepb, 9TO OyMarKHbBIN JUCK 3aPsAZKAETCHA IPOCTBIM CONPUKOCHOBEHUEM C HATED-
TBIM KYCKOM ILUIACTUKA. DTOT MPOIECC 3apsaKu OyaeT obosuadarsesa 6yksoit C'.
Nmenno sto o3nagdaer sra 6yksa Ha Puc. 4.19 u 4.18.

Onpenenennsi: Mbl TOBOpUM, YTO B 9KcrepuMeHTe 4.7 OyMayKHBINA JIUCK
MasgTHAKA NPUOOPEN INEKMPUHECKUT 3aPAD NPU KOHMAKME ¢ OPY2UM 3GPAHCEH-
HOLM MEAOM, 3APAOUACA NPU KOHMAKME WA IAEKMPUIOBAACA NPU KOHMAKME.
DTOT MPOIECC HABBIBACTCH 3APAHCEHUEM NOCPEICTNEOM KOHMAKMG, NEPEHOCOM
3apAda KOHMAKMOM WA INEKMPUIAUUET, KOHMAKIMOM.

BwmecTo cioBa konmakm, JI0Iu MHOTA UCIOJIB3YIOT OoJiee 00OOIEHHBI Tep-
muH. Hanpumep, snexkmpusanyus coobuieruem Wi aMeKmpudayus, neperocom 3a-
pados. Ha To ectb nprunna. Pusndeckuili KOHTAKT MEXK/JLy HATEPTHIM IIJIACTUKOM
n OyMaXKHBIM JIUCKOM He BCerja 00g3aTesieH I TOTO, 9TOOBI 3JEKTPU30BATH
OyMaxKkHbIi juck. VIHOr a8 BO3HUKAET 9JIeKTPUYECKUii pa3ps (T.e. HICKpa) B BO3-
JyXe, €CJIM HAaTEPTHIN IJIACTUK IOJHECTH K OYMarKHOMY IUCKY O4Y€Hb OJIM3KO.
Toria TPOUCXOAUT TEPEHOC 3apsiia MEXKIY HATEPTBIM IIACTUKOM U OyMaK-
HBIM JIUCKOM. B 3TOM citydae O6yMaxKHBIH JINCK, IEPBOHAYMAJILHO PA3PSIZKEHHBIH,
nprodpeTaeT SJIEKTPUIECKUN 3apsii 1 HAUYNHACT OTTAJKUBATHCA OT HATEPTOTO
wractuka. B 9Toit KHure Mbl He Oy/1€eM UMETH JIEJIO C SIBJIEHUSIMU SJIEKTPUIECKUAX
pa3psIoB B BO3YXeE.

4.5 Pa3zpsgaa 3a3emiieHueM
OkcrniepumMeHT 4.9

YT06BI HOBTOPUTH IKCIEPUMEHT 4.8 C TEM K& MAATHUKOM, MBI JIOJI2KHBI CHA~
YJaJja MPUKOCHYTHCA K OyMarkKHOMY JHUCKY najbiiamu. He obsg3aTebHO JepKaTh
OyMazKHBII JTUCK — KOPOTKOE KacaHue J0CTaToqHO. [locite 3Toro, Korma Mbl 1moji-
HOCHUM JIpyroii najier (uiu jmcer GyMaru, Win JEePEBIHHYIO MIIaxKKy) GJIU3KO K
OyMaKHOMY JINCKY, MBI BUJUM, YTO OYMAasKHBII JUCK HE PEATUPYET, U HUTH OCTa-
eTCsl B BEPTUKAJIHHOM IOJIO2KEHUU. ByMaKHbIN TUCK OOJIbIlle HEe IPUTATUBAETCS
HEUTPAJIBLHON IIIAXKKOM, MaabIeM WX JIMCTOM OyMaru, Kak 3TO OBbLJIO B IKCIIe-
pumente 4.8; cmorpu Puc. 4.20.

Onpenenenusi: Mbl roBOpUM, 9TO OyMaXKHBINA JUCK NOMEPAA CEOU INEkK-
mpuseckutll 3apad Npu KOHMAKME C MAJIBIEM, WA 9TO OH Pa3pAduica NPU KOH-
Maxme, INEKMPUYECKY PA3PAOUACA, WA TIPOCTO PA3PAIUACH. DTOT MPOIECC HA-
3BIBAETCS Pa3pAdkol npu Kowmaxme usu 3a3emaeruem. OH TaKKe HA3BIBACTCS
INEKMPUUECKUM 3A3EMAEHUEM, WA TIPOCTO 3asemacruem. IIpoucxoxnenne u
CMBICJI 9TUX HA3BAHUI COCTOUT B TOM, UTO 3aPsI?KEHHOE TEJIO Pa3PAKAETCs Iepe3
TEeJI0 YesI0BeKa, KOTOPOoe, KaK IPABIIIO, HAXOIUTCI B JIEKTPUIECKOM KOHTAKTE
¢ 3emJIeit.

Ilociie pa3psiku, ec/iu MOIHECTH IIACTHK OJM3KO K MAsSTHUKY, OH OOJIbIIIe
HE OTTAJIKIBAETCS, KAK 9TO UMEJIO MECTO B KOHIIe 3KcnepumenTa 4.7. Tenepb Mbl
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(a) (b) (c)

Puc. 4.20: (a) 3apsizKeHHDIII 3JIeKTPUYECKUI MASTHUK [IPUTIATUBACTCS AJIBIEM.
(b) Ecsin oHu conpukacaroTest APYyT ¢ IPyToM, MasgTHUK paspsizkaercst. (¢) Ilocie
pa3psiIKU, MASTHUK OOJIbIIIE HE MPUTSITUBACTCH HAXOSIIMMCS PSAJIOM TAJIBILY.

Ha0JTIOJIAEM TO 2K€ CaMoe TIOBeJIeHre, 9TO U B HavaJsie skcepumenta 4.7. To ectp
MAasTHUAK ME€PBOHAYAJIBLHO IIPUTATUBAETC K HATEPTOMY ILJIACTHKY, KACAETCH ero
U TOJIBKO IIOCJIE STOIO0 OTTAJKUBAETCS OT HETO.

Beaknit pa3 Korjia Mbl TporaeM OyMaXKHbBIH JUCK MAJIBIIAME, Mbl MOYKEM II0-
BTOPUTBH BCIO IIPOIEAYPY CHadaJa. 10 ecTh MasgTHUK BO3BPAIAE€TCH B HCXOITHOE
HelTpaJbHOE COCTOsHUE.

HazsoBem naTeprhIil miacTuk B sKcmepumentax 4.7 u 4.9 teiom A. Bymax-
HBII JucK OyjieM HasblBaTh TejoM B. A pyky, KoTopasl Tporaer JucK, Gyaem
nazpiBaTh TejioM C. Umenno B 1729 rogy ['peit obrapyzkui, aro teso B, ajek-
TPU30BAHHOE CONPUKOCHOBEHUEM C HATEPTBIM BEIECTBOM A, paspsiKaercs mpu
koHTakTe ¢ pykoit C'. OHO u3 ero onucanuii 3 dexTa 3a3eMIeHUsT MbI HAXOIM
B ero pabore 1731 roga. OH 3apsaui JJIMHHYIO CTEK/ISHHYI0 TPYOKY TpEHHUEM,
KOTOpast 3aTeM HCIOJIb30BAJIACDH JJIsI SJIEKTPUBAINN JPYTOTrO Tejla MOCPEICTBOM

o 5
KOHTAKTa. 371eCh MBI IPHBOMM IUTATY W3 3TOi ero paboTe! (Kypens Harm):1?

[...] n6O psi FKCIIEPUMEHTOB TIOKA3BIBAET, UTO €CJIN KAKOe-nbo Te-
a0 [C] mpoeaem npyroe [reno B, 2jeKTPU30BAHHOE DU KOHTAKTe
¢ TeqaoM A], KOTOpOe IPUTATUBAET, €r0 MPUTSZKEHAE UCIE33EeT TTOKA
910 Tesio [C', KOTopoe KOCHYJIOCH 3apsizKeHHOro Tejia B| ue ynaneno,
a apyroe [resio B, KoTopoe GbLIO NePBOHAYAILHO JIEKTPU30BAHO U
KOTOpOe OBbIJIO pa3psizkeHo mpu KoHTakTe ¢ TesoMm C| cHOBa HE BO3-
GyauTest [HaTepToil cTeKISHHON| TpyOKOit [A].

B 1733 romy lrode HaUa I UCHOIB30BATH 3Ty MPOIELYPY CUCTEMATHIECKU.

Ou HaTUPaJ CTEKJIAHHYIO pr6Ky 1 HCIIOJIB30BaJI €€ IJId SJICKTPU3aIluU JIepe-

BAHHOI'O MdAYa: 16,17

15[Grah, ctp. 35|.

16|DF33d, ctp. 247].

17 J’avois de plus le soin de toucher la boule avec la main aprées chaque station qu’on avoit
faite avec le tube, afin de lui 6ter toute la vertu qu’elle auroit pt avoir conservée par I’approche
du tube; cela la dépouille en effet de toute son électricité, ainsi que I’a remarqué M. Grays; |...|
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Kpowme Toro, st mpuHsI Bce MepBI IPeI0CTOPOXKHOCTH, YTOOBI HE KOC-
HYTBCsI [3JIEKTPU30BAHHBIH| MsTT PYKOI [OCIIE KAXK[0T0 SKCIIEPUMEH-
Ta, [IPOBEJIEHHOIO HaMU ¢ TPYOKOH [TO ecTh 1ocie KarKIo# 2JIeK-
TPU3AIUY MA9a C MOMOIIBIO HATEPTOH CTEKJISTHHON TPYOKH|, 9T06bI
YIAJIATD [0T MsAYa| BCIO [3/1eKTpUYecKyio| ClIocOGHOCTh, KOTOPYIO OH
MOT TIPHOOPECTH ¢ MPUOINKEHNEM [HATEPTON CTEKIJISIHHOMN| TpYOKM;
[0 CYTH, 3TO [Iporielypa| yIaJsiia BCe ero 3JeKTPUIECTBO, KaK OT-
Mmeuas r-H 'pei; [...]

dkcnepumenT 4.10

Tenepsb MBI POBEIEM TH IKCIEPUMEHTHI 0OJIee TIOIPOOHO, YTOOBI YBUIETH
Bce apderTrl. CriepBa MbI TIOJHOCUM MAJIel] OJIM3KO K He3aPsiKEHHOMY OyMaXK-
HOMY JIUCKY 3JIEKTPUIECKOTrO MasgTHUKA. Jluck He nBuraercs. Mbl HaTHpaeM co-
JIOMKY ¥ TIOJHOCHUM ee OJIM3KO K AUCKY. /IMCK mpuTarnBaeTcs, KacaeTcs COTOMKI
U HAYMHAET OTTAJKUBATLCS OT HEro, Kak rokaszamno na Puc. 4.18. Mer ynansem
COJIOMKY, I HUTh MasiTHUKA BO3BPAINAETCA K BEPTUKAJIH.

Teneps MBI MeJJIEHHO IOJHOCHM IaJjer OJIU3KO K JUCKY, HE KacCasiCh ero.
Jluck mpuTATruBaeTCs MajIbIeM, JBATAsICh K HEMY.

Ecmn muck kacaercs majbiia, MAATHAK HEMEIIEHHO BO3BPAIIAETCS B BEPTH-
KaJIbHOE TI0JIoyKeHne. Korma Mbl CHOBa IIOIHOCHUM IaJiel] OJIM3KO K JIUCKY, OH He
pearupyer, IOCKOJIbKY OH y2Ke He IPUTATUBaeTCd HajiblieM. MasgTHIUK BepHYJICS
B CBOE HCXOJIHOE I0JIOXKEHUE.

MBI MOXKEM HATEepeTh COJIOMKY €Ille Pa3 U MOBTOPUTH BCIO 9Ty CEPHUIO IKCITE-
PHUMEHTOB CHOBA.

4.6 DaeKTpmyeckKuii MagTHUK ['pest

Camoe paHHee U3BECTHOE HAM OIMCAHUE IJIEKTPUIECKOT0 MAsITHUKA OBLIO JIAHO
I'peem B 1720 romay. OH poBeJI 9KCIIEPUMEHT, aHAJIOTUYHBIN SKCIIEPUMEHTY 4.5,
HO C HCIOJIb30BAHUEM IIyXOBOT'O IePa BMECTO OYMAYKHOIO JHCKA: S

IIyxoBoe 1epo npupst3aHO K KOHITY TOHKOW HUTH IIEJIKA-ChIPIIA, JIPY-
roi KOHEIT HUTHU IIPUBsI3aH K HeDOJIBINOi MajiouKe, KOTOpast TPUKPETI-
JIEHA K IIOJOIIBE TAKMM 00Pa30M, 4TOOBI IIAJI0YKa MOILJIA, CTOATH BEp-
TUKAJILHO HAa, CTOJIE; B3sJIA KyCOK 0DEPTOYHONM OyMaru, KOTOPYIO II0
BBIINIEYKA3AHHON METOIUKe [TO ecTh GyMary MepBOHAIANBHO MO0~
IPeJii Ha OTHE, & 3aTeM HATEPJIU, IPOTACKUBASI e MEXKY MasblIaMu]
CIJIBHO HA3JIEKTPU30BAJIM, KOTOPAsi IIPU STOM HAXOIUJIACH PSJIOM C
[IepoM, TIepo MPUTSHYJIOCh K Oymare, m si HEC ero BMecTe ¢ Oyma-
roii, IIOKa OHO He HPUOJIM3MIOCH K NEPUEHIUKY/ISIPY IIAJKU; 3aTeM,
[IOJIHMMAasi MOIO PyKY IIOKa Oymara He OKa3aJach 3a II€pOM, HUTh
BBITSIHYJIACh BBEPX M BCTAJIa, BEPTUKAJBLHO B BO3JyXe, KaK €CJIU Obl
9T0 OBLIT KYCOK IIPOBOJIOKH, XOTs IIEPO OBLIO B yIaJE€HUU OT OyMaru
HouTH Ha mioiiM [2,54 cM].

18[Grab, cTp. 107].
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DToT 3KCHepuMeHT oKa3aH Ha Puc. 4.21.

Lenkosaa HUTb

/
"\ aepeso
v

(a) (b) (©)

Puc. 4.21: Dnexrpuyeckuii masTHUK ['pest.

4.7 Bepcopuym diode

Jpyroit naTEpecHbIil crrocod HABJIOAATD JIEKTPUIECKOE OTTAJIKNBAHIE OIIMPa-
erca na cozmannbii Tiocde Bepcopuyn.'® B ero ciydae 310 ObLI CTEK/ISHHBINT
BEPCOPUYM C TOJIOH METaIMIecKoil chepoil B KOHIIEe OJIHOM U3 ero mied. 3J1ech
MBI HCIIOJIb3yeM aHAJOTUYHBIH [IJIACTHKOBBIN BEPCOPUYM, KAK OIMCAHO B Pa3jie-
Jjie 3.1, T.e. IIACTUKOBAs MIAIIKO-O0Opa3Hasl M0JIOCA, C HAIIPABJIEHHBIMUA HEMHOT'O
BHU3 JByMsi ee mredamu. K IMeHTpy IJIacTuKa IpUKperseHa OyaaBKa OCTpUeM
BHHU3, KOTOpAasl [MOKOUTCS HA TOJIOBKE 3a0UTOr0 B JOCKY rBO3iAd. OTamdanTesib-
Has depTa BepcopuymMa rode cocTont B TOM, 9TO OHO U3 €ro maed 00epHyTO B
agioMrHEEBYIO hoJibry. EcTh 1Ba ciocoba cOaIaHCUpOBATh BEPCOPUYM, €CJTA ITO
IJIEYO HAYMHAET IIePeTATrnBaTh U3-3a JIUIIHErO Beca. MOKHO IPUKJIENTh KaKOii-
TO IJIACTUK K JIpyroMmy Iiedy. VIim MOXKHO Cjierka YKOPOTHUTH TO ILIEYO, TIE
ajroMuHueBas (osbra OyJIeT MPUKPEIUIeHA, 0 HadaJla SKCIepUMeHTa. BaxKHo
TOJIBKO, YTOOBI BEPCOPUYM, C OJHUM U3 €ro Ijied ODEPHYTHIM B AJIOMUHUEBYIO
doabry (Puc. 4.22), 6611 cb6aaHCHPOBAH [0 NOPU3OHTAJI.

nAacTuk

TOHKasA antomuHueBas donbra

Puc. 4.22: Bepcopuym Hrode BbITOTHEH U3 IJIACTUKA, ¢ OOEPHYTHIM B AJTIOMU-
HUEBYIO (DOJIBI'Y KOHUMKOM OJIHOI'O U3 ILJIEY.

19IDF33b, crp. 473—474].
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[Ipexne veM NpUCTYIUTH K CJIEAYIOMIUM SKCIEPUMEHTAM, CJIELyeT IPUKOC-
HYTbCH K KAKOMY-TO 3a3€MJIEHHOMY MeTaJIJINYECKOMY IIPEJIMETY, YTOOBI obecIre-
YUTH IMOJIHYIO JIEKTPUIECKYI0 HEHTPAJIHHOCTDL CBOEro Teja. Jljis BBIOTHEHUs
IKCIIEPUMEHTOB C 9TUM BEPCOPHYMOM, HEOOXOJIMMO yOeIuTbCs, UTO OH HU3HA-
9aJbHO HEATpajeH. DTO CAMBINl JEJIMKATHBIII MOMEHT, CBSI3aHHBI B OCHOBHOM
C TeM, YTO MBI UMEEM JIeJI0 C IJIacTHKOM. [yt obecrieueHus 37€KTPUIECKOI
HEHATPAJIBbHOCTH, MBI TPOraeM aJIIOMUHUEBYIO (POJIBIY MaJblieM, 9TOOBI pa3ps-
JUTh ee. 3aTeM MBI [IOMeIaeM maJjer] 0JIM3KO K Pa3HbIM YACTsIM [LJIACTUKOBOI'O
BepcOpUyMa, He Kacasch nX. Kcam BepcopuyM OcTaeTcd B MOKOe, HUKAK He pe-
arupys Ha NPHACYTCTBHE HAIETO MAJbIa, MBI TOBOPUM, YTO OH 3JEKTPUYCCKH
netirpased. Korna on pearupyer Ha IIOIHECEHHBIH OJIM3KO MAJIEI, MBI TOBOPHM,
9T0 OH 3apsiKeH. VHOrTa MBI HEIPEeTHAMEDEHHO MOXKEM 3aPsINTh BEPCOPUYM
TpeHUeM OT HAIUX PYK IPHU ero cbopKe, WM B TO BpeMs, KOTr/[a Mbl 060padnBa-
eM KOHYHMK OJHOI'O U3 ero Iued ajJioMuHneBoil dgosbroi. Ecau 310 npousoiizer,
cjaesyeT NOAOXKIATh HECKOJIBKO MUHYT, IIOKa OH He Pa3psAgUuTCd €CTECTBEHHBIM
myreMm. Vi MOXKHO OYHCTHTH €ro MOKPOH caadeTKOil M IMOM0XKIATh, IOKa OH
BbICOXHET. Jlarke 1ocJsie STUX HPOIEyP MbI BCEIIa JOJKHBI YOEIUTHCs, YTO OH
JeficTBuTeNIbHO HelTpaseH. B ranbHeiieMm, mpex/ie YeM IPUCTYIUTh K ITPOBe-
JIEHHWIO CJIEJIYIONINX YKCIEPUMEHTOB, MbI Berja OyIeM CUMTaTh, YTO BEPCOPUYM
ABJIAETCA HEUTPAJIBbHBIM.

Dkcnepument 4.11

Mpb1 HaTHpaeM IUIACTHKOBYIO COJIOMKY M MEJJIEHHO ITOJTHOCHM €€ K AJIFOMU-
uuesoit dosbre Bepcopuyma Jlode, He momyckast KOHTAKTa MeXKLy HEMH. MbI
Ha0JTIOIAeM, ITO BEPCOPUYM ITOBOPAYMBAETCS BOKPYT CBOEIl BEPTUKAJIBHON OCH,
OCTAHABJINBASCH B IOJIO2KEHUU C AJIOMUHAEBON (DOJIBrOil HAIIPOTUB HATEPTOTO
wiactuka (Puc. 4.23). Korza Mbl lepeMeniaeM COJIOMKY, BEPCOPUYM CJIEYeT 3a
Heil. DTO aHAJIOTUYIHO IKCIepuMeHTy 3.1.

(a)

(b) T ) EEEEE tgbéﬂ

Puc. 4.23: Amomununesast dosibra Bepcopuyma liode mpursaruBaercst paciosio-
JKEHHBIM OJIN3KO K HEMY HATEPTHIM ILJIACTUKOM.

Okcnepument 4.12

Mgt moBTOpsiem skcriepumenT 4.11. Ho Teneps Mbl TepeHOCHM HATEPTYIO CO-
JIOMKY OJInKe K aJIIOMUHUEBOI (boJibre, O3BOJIsIS UM BCTYIUTh B KOHTAKT. 3a-
METHUM, UTO CIIEPBA OHA MPUTATUBAECTCS COJIOMKOI, HO 3aTE€M OTTAJKUBAETCS OT

85



Hee, yKa3blBasd B Hanpasienuu or coioMmku (Puc. 4.24). Mexy srum npursizke-
HUEM U OTTaJJKUBaHHUEM ITPOUCXOIUT KPUTUIECKOE CO6bITI/Ie — KOrHMaxm MezK1y
AJIFOMUHUEBOM (DOJIBIOil U HATEPTHIM ILJIACTUKOM.

N

—)
9!

©) s a—

(i e

ey — | ) —
DY

Puc. 4.24: (a) Amovunanesast dbosbra M3HAYAIBLHO NPUTATUBAETCS] HATEPTHIM
wiactukoM. (b) AsomunneBast bosibra COmpUKacaeTcsi ¢ HATEPTHIM yIaCTKOM
cosomki. (c) Iocsie koHTaKTA, ATFOMUHIEBasT (DOJIbIa OTTAIKUBAETCS OT COJIOM-
ku. (d) Koneunasi paBHOBeCHasl OPUEHTAIMS BEPCOPUYMA.

[Tocste koHTaKTa, agroMuUHEEBas (DOJIbIa UHOLJIA PUIAMIAET K COJIOMKE, U HE
cpa3y OTCKaKuBaeT oT Hee. Eciin 910 mponsoiiaer, Heo6xoauMo Oy1eT 0CBOOOIUTH
AJTOMUHUEBYIO (DOJIBTY, IIPEXKJIEe TeM MOXKHO HAOJIIOATH MTOCIEIYIONEe 33 STUM
oTTaJkuBanue. UTobbl JJOOUTHCS ITOTO, CJIEYET MOCTYUATh CJIerKa [0 COJIOMKE,
WIA CTPAXHYTH AJIOMUHUEBYIO (POJIBLY C COJOMKH. Kak mpaBuiao, 3TO BemeT
K ocBOOOXKIeHn0 dosibru or cosiomku. [lociae ocBoboxKmeHusi, aaOMUHIEBas
dosbra HAYHET OTTAJIKUBATHCS OT HATEPTOW COJIOMKH, YJIAJISISICh OT Hee.

Okcnepument 4.13

Mbs! noBropsieM sKcrepuMeHT 4.12. B KOHIIe SKCIIEpUMEHTa MBI yJajisgeM Ha-
TEPTYIO COJIOMKY. 3aTeM MbI [IOCTEIIEHHO IIPUOJIIKAaeM IaJier] (Uim JIMCT Gy Mart,
WM JIEPEBSIHHYIO TIITAXKKY) K aJIOMIHACBOMN (DOJIbIe, He JIOIYCKasi HX COMPHKOC-
HOBEHHUSI. 3aMeTUM, UTO AJTIOMHHHeBast (OJIbra IPUTSTUBAETCS MAJIBIEM, yKa-
3BIBas HA HETO U CJIeys 3a ero asmkenneM (Puc. 4.25)!

Kax MbI Busiesin B paszesie 3.5, 9TOT SKCIEPUMEHT [I0Ka3bIBAET, YTO AJIIOMHU-
HEeBad Qoibra BepcopuyMma Jlrode momyunia 3apsy, KOrIa OHa MTPUKOCHYJIACh
K HaTepTOMY ILJIACTUKY.

31ech cileiyeT HAIIOMHHUTD CJIeLyIOlnee. DTOT I HEKOTOPBIE IPYTHe SKCIIEPU-
MEHTBI, OIIIICAHHbIE B 9TOI KHUTre, BO3MOXKHO He OyIyT paboTaTh HIealbHO, eCiin
BO3/LyX BJIAKHBIl, MJIN €CJIN HEJABHO IIeJI JOXK1b. BIaXKHOCTD BO3/LyXa 3aTPy-
HseT HAKOIUIEHUE 3JIEKTPUYECKOrO 3apsia M, TeM CaMbIM, CHUXKAET pPa3Mephbl
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(@)

(b) I [T=11 Q@ )

Puc. 4.25: Amomununesast Gosibra, KoTopasi paHee MPUKOCHYJIACH K HATEPTOMY
KYCKY IJIACTUKA, TEIE€Pb IIPUTATUBAETCS JBUAKYIITUMCS PSIOM C HEll HaJIbIEM.

3¢ dEKTOB, KOTOPbIE Mbl XOTUM HAOJIIOIATh. DJIEKTPOCTATUYECKUE IKCIIEPUMEH-
ThI pabOTAIOT JIyUIlle B CyXYIO IIOIOLY.

Dkcnepumenrt 4.14

Ijist TOr0o, 9TOOBI TIOBTOPUTH BECH ITOT Psif] IKCIEPUMEHTOB C OIHUM U TEM
ke BepcopuyMoM Jlrode, MBI TO/KHBI CHAYAJIA TPOHYTH AJTIOMUHUEBYIO (DOJIBLY
majbieM. [locste sToro, Korjga MbI CHOBa IIOJHOCHM MAJIEIl WJIHM JIUCT OyMaru
OJIM3KO K aJIIOMUHUEBOH (posibre, Mbl BUJIMM, YTO OHA OOJIbINE HE pearupyer U
ocraercst B cocTossHuH 1MoKosi. OHa 0OJIbIlle He IPUTATUBAETCS HAJbIEM, KAaK 9TO
MMEJI0O MeCTO paHee B dKcrepuMente 4.13.

Korma mbr npubsimykaeM HATEPTYIO COJIOMKY K aJIOMUHUEBON (DOJIbIe CHOBA,
MBI HAOJIIOAEM TO K€ CaMOe II0BE/IeHNE, KAK U PAHBIIE, & UMEHHO: IPUTSKEHNE,
KOHTaKT M OTTaJIKHBAHUE.

[TpurparuBasich K aJtOMUHEEBOI (POJIbIE MMAJIBIEM [TOC/IE KaXKI0I0 pa3a, MbI
MOXKEM TIOBTOPSITh BCIO 9Ty IPOIEIyPY CHOBA U CHOBA, TAK KAK MbI TAKHAM CIIO-
coDOM BO3BpAIIAEM BEPCOPUYM KAXKJBIN Pa3 B UCXOIHOE COCTOSIHUE.

4.8 Mexaausm [IKO

Hrode 6611 11epBbIM, KTO B 1733 1oy moHsT hyHIAMEHTATHHBIN MEXAHU3M, OTTH-
caHHbIi B 3Kkcnepumente 4.10: npuTsKeHne, KOHTAKT (MM Iepesada JIeKTPH-
YEeCTBA MOCPEJICTBOM TECHOTO COJIMKEHNs) U OTTaJKUBaHUe. XeHja0poH Ha3Basl
9TO MPOCTOE TPABUJIO MPUTSKEHUS, TIePEIadn JIEKTPUIECTBA I€Pe3 KOHTAKT
u orramkusanusa [TKO (t.e. Ipursxenne, Konrakr, Orrankusanme).?’ Troce
COBEPIIIEHHO CITPABEJINBO PACCMATPUBAJ 3TO 3AKOHOMEPHOE MTOBEJICHNE KaK Be-
JINKOE OTKPBITUE. B KOHIE KOHIIOB, 3TOT IIPUHIMII OO'bSICHSIET IIIMPOKUN CIIEKTP
JIEKTPUIECKUX SIBJICHUIA.

rode mposenr paHee HECKOJIHKO SKCIEPHMEHTOB W HAOJIOIAJ ITIOBEIEHUE,
KOTOpOE ITO3BOJIIJIO €My KJIACCH(UIMPOBATH WA PA3JINIATh BEIIECTBA 0 UX
JleKTpudecKuM cBoiicTBaM. Korga oH HaTupas Tesio U IPHUOJIMKAJIL €r0 K Ma-
JIEHBKMM KYCOYKa BeIeCTBa, OH OOPATH/ BHUMAHUE, YTO HEKOTODBIE U3 ITUX

20[Hei99, crp. 5 u 255—258].
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BEIECTB MPUTSATUBAJINCH CHJIbHEe, 9eM JIpYyTHe BelecTBa Takoro ke seca. OH
OTMETUJI, 9TO Jierde BCero IpUuTArnBaJiiCb UMEHHO T€ BelleCTBa, KOTOPbIE IIpU-
obpeJin MEHBbINUI 3apsiJi B pe3ysbrare TpeHus. [IpuMep Takoro moBeIeHust Mbl
BUEN B paszenax 2.4 u 2.7. HebosbIme KyCOUKY MIACTAKA I IIIEJIKA, HAIIPH-
Mep, B 3HAYUTEIBHO MEHbBINEH CTeleHN MPUTATHBAIOTCS HATEPTHIM ILJIACTHKOM,
geM MeJIKre Kycouku Metasuia min 6ymaru. C JIpyroif CTOPOHBI, MBI MOXKEM Tpe-
HUEM 3JIEKTPU30BATH IUIACTUK U IIIEJIK [Opa3Jo Jerde, YeM OyMary M MeTaJul.

Bo Bpemena [Tiode Tesa, koTopble 00/1a7a/11 CBOMCTBOM IPUTATUBATD JIETKHE
BEIIECTBA, €CJIU UX IMOTEPETh, OOBITHO HA3BIBAIIN IACKMPULECKUMU. DIIEKTPIIC-
CKOE TeJIO PacCMaTPUBAJIOCH XOPOIIUM WJIH IIJIOXUM B 3aBHCHMOCTH OT OOJIbIIEi
WX MEHbIIEH CHUJIbI, C KOTOPOI OHO HIPUBJIEKAJIO JICFKUE TeJla II0CJe TPCHUA.
[Tocse sTOrO BBEMEHNUS, MBI MOXKEM MPOIUTUPOBATH COOCTBEHHBIE citoBa ode,
ormcnbiBatonme mpunrmn 1K 0:2122

3areMm, MOIYMaB O TOM, YTO TeJd, KOTOPBbIE MEHEe JICKTPUIECKHUE
camu 1o cebe, 6oJiee SHEPIUIHO IPUTATUBAIOTCS [3aPSI?KEHHBIMU Te-
JIlaMH|, 9eM JpyTue [resia, KOTOPbIE JIerde 3JeKTPU3YIOTCs TPEHUEeM],
s1 IIPEJIITOJIOIKIIT, ITO, BOSMOYKHO, 3JIEKTPUIECKHE TeJIa Oy Iy T MPUTS-
IMBATh BCE TEJIa, KOTOPbIE HE SIBJSTIOTCS [SJIEKTPUIECKUMHE, TO €CTh
OH TIPEJICTABJISAN cebe, UTO HAJIEKTPU30BAHHBIE TPEHUEM TeJIa Oy Ly T
PUTATHBATL BCE TeJIa, KOTOPHIE MBI HE MOXKEM 3JIEKTPH30BAThL TPe-
HueM|, u OyiyT OTTAJIKUBATH BCE TeJa, KOTOPBIE CTAHOBATCS [dJ1€K-
TPU30BaHHBIME| 61ar0aps UX IPUOIIUKEHUIO [TO €CTh, B PE3yJIbTaTe
NpUOJIMKEHNS MM KOHTAKTA € 3aPSKEHHBIM TEJIOM]|, U TIOCPEICTBOM
nepeauy [3JeKTPUYIECKOii| criocoGHOCTH.

[.]

Iiocdbe majee onuchiBaeT IPOBEJEHHbIE MM SKCIEPHUMEHTBI, KOTOPbIE ObLIH
aHaJIOru4Hbl dKcepuMenTam Lepuke, I'peit u Xoykcou. (Cu. sxcrepument 4.4).
To ecTh OH MOT 3aCTAaBUTH TAPUTH B BO3/LyXe 30JI0TON JINCTUK, KOTOPBIH ObLIT 3a-
MyIIeH HaJT HATEPTOH CTeKITHHON TpyOKoii. JIucT BHAYAIE TPUTATHBAJICA TPYO-
KOIi, KacaJicsl ee, a MOTOM OTTAJKHUBAJICS OT Hee W Imapui Haj neil. Jlasbiie oH
numer: (kypeus mar)?3:24

21|DF33b, crp. 458].

22¢Enfin ayant refléchi sur ce que les corps les moins électriques par eux-mémes étoient plus
vivement attirés que les autres, j’ai imaginé que le corps électrique attiroit peut-étre tous ceux
que ne le sont point, & repoussoit tous ceux que le sont devenus par son approche, & par la
communication de sa vertu.

23|DF33b, crp. 459—460].

241 ’explication de tous ces faits est bien simple, en supposant le principe que je viens
d’avancer; car, dans le premiére expérience, losqu’on laisse tomber la feuille sur le tube, il
attire vivement cette feuille qui n’est nullement électrique, mais dés qu’elle a touché le tube,
ou qu’elle ’a seulement approché, elle est rendué électrique elle-méme, & par conséquent elle en
est repoussée, & s’en tient totijours éloignée, jusqu’a ce que le petit tourbillon électrique qu’elle
avoit contracté soit dissipé, ou du moins considérablement diminué; nétant plus repoussée
alors, elle retombe sur le tube ol elle reprend un nouveau tourbillon, & par conséquent de
nouvelles forces pour I’éviter, ce qui continuéra tant que le tube conservera sa vertu.”
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Bce st pakThl MOKHO OY€HD JIETKO 00 bSICHUTD, TIPEITOI0KUAB NPUH-
Yun, KOTOPBIil $ TOJBKO YTO IPUBEJ; MOO B IEPBOM IKCIIEPUMEH-
Te, Korja [30J10TOf| JIMCTUK 3allyCTHIN Ha/J| [HATEPTON CTEKJISTHHOI]|
TPYOKOIil, OHA CUJIBHO IPUTATUBAET ITOT JINCTUK, KOTOPBII BOBCE HE
JIEKTPUIECKU, HO TOCJIE TOr0, KaK OH KOCHYJICH TPYOKH, WU IIPO-
€TO TpUOIN3UICS K TpyOKe, OH OTTAJKUBAETCS OT HEE W JEPIKUT-
Cs1 IOJIAJIBIIIE OT HErO JIO TeX 0P, ITOKa HeOOJIBINON JIEKTPUIECKUI
BUXPb, KOTOPBIl OH IIPUODOpEJI, He UCUYEPIIAaH WK, 110 KpaiiHeil Mepe,
3HAYNTE/ILHO He YMEHBIIUJICS; 3aTeM, He UCIBIThIBas Oojiee OTTaJl-
KUBaHWs, OH TaJaeT CHOBa Ha TPYOKy, Tjie OH mpuobperaer HOBBIA
BUXDb [HOBBIii 9JIEKTPUYECKUIA 3apsil| U, CIIeJ0BATEJILHO, HOBBIE CU-
JIBI, 9TOOBI JIEPIKATHCST TIOJAJIBINE OT TPYOKHM [; 3TOT mporece| mpo-
JIOJZKAETCsI, OKa TPYOKa COXpPaHSIeT CBOI [3JIEKTPHUIECKYT0] Criocos-
HOCTb.

Bor €eIrne OJHO OIIMCAaHUE ITOro npunuuna:25

[Ipu npoBeseHnN SKCIEpUMEHTa, Ha KOTOPBIH ccbltaercss Orro Te-
PHKe, B ero KOJIeKIUK sKcrepuMmeHTos de Spatio Vacuo [1672], co-
CTOSIIIErO B [IPUBEJIEHUN MsI9a U3 CEPBI B JIEKTPUIECKOE COCTOSIHUE,
B KOTOPOM OH HAYMHAET OTTAJKUBATEH IIyXOBOE IEPO, f MOHSJ, ITO
Te ke camble 3bGEKTH MOIyT ObITH [IPOM3BEMEHLI HE TOJILKO [Ha-
TepToii| TpyOKOii, HO BCEMU SJIEKTPUIECKUME TEJTAMU (e3 UCKITIOTe-
HUS; U 51 OOHAPY2KWUJI O4YeHb [IPOCTON IIPUHITUI, KOTOPBIN 00bACHSIET
GOJIBIIIYIO 9aCTh MUPPErYJIIPHOCTEl U — €CJIU sI MOTY HCIIOJIb30BaTh
TOT TEPMUH — KaIPU30B, KOTOPbIE, KAXKETCsI, COTPOBOXKIAIOT HOJIhb-
MIAHCTBO YKCIIEPUMEHTOB 110 3JIEKTPUIECTBY. DTOT IPUHITUII COCTOUT
B TOM, 9TO JIEKTPUIECKHUE Tejia MPUTATUBAIOT BCE T€, KOTOPHIE HE
SIBJISIIOTCSL TAKOBBIMHU, M OTTAJKUBAIOT WX, KAK TOJBKO OHHM CTAHO-
BSITCSL JIEKTPUIECKUMH B pe3y/brare MPUOJIMXKEHUs] WK KOHTAKTa
C JEKTPUIECKUM TeJIOM. TakuM 0Opa3oM 30JI0TOH JIMCTUK CHAYA-
JIa IPUTATUBAETCS [HATEPTON CTeKJIAHHOI]| TpyOKOil; 1 npuobperaer
9JIEKTPUYIECTBO NPU MPUOJIUKEHUU K HEll; B PE3yJIbTATe Yero cpasy
JKe OTTaJIKuBaeTcs ot Hee. [ocsie 5TOro 0H MOBTOPHO HE MPUTSITHBA-
ercsl K Hell, I0Ka He [0TePsieT 00PEeTEeHHOe JIEKTPUIECKOE CBOMCTBO.
Ho ecyn, Haxo1sich B 3TOM COCTOSTHUY B BO3/LyX€, CJIy9IailHO KOCHETCSI
JPYTOro TeJjia HA MUT, OH TYT K€ TEPSIeT JIEKTPUIECTBO; U BIIOCTIE]I-
CTBUE 9TOr0 BHOBb IPUTATUBAETCA TPYOKOi, KOTOpAsi, MOCJE TOTO,
KaK JIaeT eMy HOBYIO MOPIUIO JEKTPUIECTBA, OTTATKUBAET €r0 BO
BTOPOil pa3; 4TO MPOJOJIZKAETCs JO TeX IOp, IoKa TpyOKa coxpa-
HsIET CBOE 3JIEKTPUUIECTBO. [IpuMeHeHne 3TOro MpUHIUIA K Pa3/Ind-
HBIM 3KCIEPUMEHTaM II0 3JIEKTPUYIECTBY MPUBOIUT K IIOPASUTEThH-
HOMY TPOSICHEHUIO OTDOMHOTO KOJUYIECTBA HESCHBIX U 3aIly TAHHBIX
daxToB.

25|DF, crp. 262—263].
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Okcrniepument 4.15

Mpb1 MO2K€eM BBI3BATH KOJIEOAHUS JIEKTPUIECKOIO MASITHUKA C IIOMOIIBIO JTIO-
GONBITHOrO FKCIIEpUMeHTa. MBI pa3MeraeM 9eThipe MaJiblia JIEBOH PYKH PsJIOM €
OyMarKHBIM JIICKOM, He Kacasch ero. Pyka 6yeT ocTaBaTbCsl B 9TOM ITOJIOKEHUN
B T€UEHUE BCEro FKCIIepuMeHTa. MbI TpeM IJIACTHKOBYIO COJIOMKY U IPUOJIIKAEM
ee MeJJIeHHO K OyMaxkHoMy jucky. [locse Toro, kak JMCK KOCHETCS ee, COJIOMKA,
JOJI?KHA OCTaBaTbCs B TIOKOE.

SamerTnM, 9TO MAasgTHUK CHAYAJA MPUTATHBAET HATEPTHIA ILUIACTHK, KAaCaeT-
Csl €ro, OTTAJKUBAETCS OT HErO, JIBUXKETCs 110 HAIPABJIEHUIO K PyKe, KacaeTcs
ee U CHOBa IIPUTSTMBAETCS COJIOMKOH. Bech Iporiecc MmOBTOPsIETCs B TeYEHUE
HECKOJIBKUX OBICTPBIX KOJIeOaHUil OyMaru, KOTopasi MOOYepPEeHO KAaCAeTCsl Ha-
TEPTHI IIACTUK C OJHOI CTOPOHBI U PYKY — C Apyroit. Mbl MOXKeM yBeIUInTH
KOJIMYECTBO ITUX KOJIEOAHUN IIyTEM IIOBOPOTa COJIOMKH BOKDPYT CBOEW OCH B XO-
Jie IKCIIEPUMEHTa, JIUOO IyTeM IEePEMEIeHIsT COJIOMKI BEPTUKAILHO BJIOJb €€
JUIMHBL B X0/ Kosiebanmii (Puc. 4.26).

He— ]

24

Puc. 4.26: Masatauk KosiebieTcs MeXK/y HATEPTOH IIJIACTHKOBOI COJIOMKOI U

PYKOIi, KacasCh KaK/Iyl0 U3 HUX.

Mo2KHO OmnucaTh BCE, ITO MIPOUCXO/IUT B 3TOM SKCIIEPUMEHTE, C TOMOIIIHIO Me-
xaHu3Ma [TKQ. 9TOT S5KCIIEpUMEHT aHAJIOIMYEH IKCIepuMeHTy ['pesi ¢ mapsimmm
IepoM, KOTOPOEe KOJIEDJIETCsT B BO3/IyXe MEXK]y HATEPTON CTEKJISHHON TPyOKOit
U TBEPJBIM HpeaMeroM (Hampumep, creHoit uiam cryiaom). Cm. pasmen 4.1.

DxkcnepumenT 4.16

Teneps MbI TOMeIaeM 60K 0 OOK J[Ba 9JIEKTPUIECKUX MAsTHUKA, HAIIOI00Me
TOr0, KOTOPBIIt MBI UCIOJb30Bau B dKciepumente 4.7. Korma oba masgrHuKa
HEHTPAJIbHBI, HUTH OCTAIOTCS B BEPTUKAJBHOM MOJIO2KeHuU. Mbl MOxkeM obec-
[IEYUTH ITEKTPUIECKYIO HEUTPAIHHOCTD, TPUKOCHYBIIUCH PYKAMHU K OYMarXKHbIM
JUCKaM 000MX MasTHUKOB.

Mpb! HaTUpaeM ILIACTHKOBYIO COJIOMKY W TIOJTHOCUM €€ OJTU3KO K KaXKJIOMY
OyMaKHOMY JIUCKY, ITO3BOJIsisi MM IIPUKOCHYThCSI K COJIOMKE U OTTOJIKHYThHCS OT
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HEe. BaTel\/I MBI yAaJId€M COJIOMKY. Hocne 9TOI'O MbI C6JII/I}Ka€l\l MadTHUKH, KOTO-
pre 6I)I.HI/I 3apH)KeHbI B peSyﬂbTaTe KOHTaKTa. Sal\/IGTI/IM7 9YTO OHU OTTAJIKUBAIOT
ApYyr Apyra. O6€ HUTU OTKJIOHAIOTCA OT BEPTUKAJIHN, YAAJIAACH APYT OT Apyra
(Puc. 4.27).

@) l © ©

(b) l

O

Puc. 4.27: (a) 3apsizkeHHbIe MasITHUKU BUCSIT BEPTUKAIBHO, KOT[a OHI HAXOJSIT-
cs1 masieko apyr ot apyra. (b) Biausko pacrosiokeHnble 3apsizKeHHble MagTHUKA
OTTAJKABAIOT JPYT JpyTa.

B HekopobIX cilydyasx HeOOXOAMMO HMCIIOJIb30BATH OYEHb TOHKHE IIEJIKOBBIE
HUTHU JIJI TOTO, 9TOOBI YBUJIETH 3TO OOKOBOE pacxoxkaenne. Korma HUTH OUeHb
IUIOTHBIE U TsI?KeJIble, UX BEC YMEHbIIAeT yIroJl pacxoxkKiaeHus. Kpome Toro, Ko-
POTKUE HUTH BEJIYT K OOJIBIIUM yIJIaM PACXOXKIEHUsT MEXK 1y HUMU, B CDABHEHUHT
C JJIMHHBIMU HUTSIMU, [IPA OJTHOM W TOM K€ KOHEYHOM DPACCTOSTHUU MEXKIy Oy-
MaxKHbIMHA juckaMu. CrenoBarebHO, Jydlle paboTarb ¢ KOPOTKUMU HUTSIMHA,
T.K. 9TO objierdaer Hab/0eHne 3P HEKTa OTTATKUBAHNS.

B srom 9KCIIEPpUMEHTE MbI BUJIUM OTTaJIKUBaHUE ME2KJ1Y JIBYMA MasdTHUKaMH,
KOTODPbIEC ITOJIYyIUJIA 3apdA] 9epe3 KOHTaKT C OJHUM 3apPAKEHHbIM TEJIOM.

DTOT IKCIEPUMEHT TaKKe UJIJIIOCTPUPYET JIEACTBUE U IIPOTUBOIEHICTBIE MEXK-
Ay ABYMsd 3apsA?KEHHBIMHU TeJIaMU — TeMa, KOTOPYIO MbI O6CY)K,H3JIH paHee B
paszese 3.5.

OkcrniepumeHt 4.17

AHAJIOTNYIHBIH 9KCIIEPUMEHT MOYKHO ITPOBECTH C JBYMsI HEOOJIBITUMHI MATHI-
MU IIapaMy AJIOMHUHHEBON (DOJIBIM BMECTO OYMAaKHBIX JUCKOB. KaxKmplii mmrap
MOKET OBITh M3TOTOBJIEH U3 KBaJpaTa WM KPyra ¢ pa3MepaMd B JIAAIA30HE
or 2 10 3 cM. MaThle mapbl clieyeT MPUBA3aTh K KOHIIAM JIBYX IMEJKOBBIX
HUTEH OIMHAKOBON JIMHBI, KOTOPBbIE BUCAT KakK MagTHUKU. Mbl 3apsizkaem oba
11apa IoCpeCTBOM KOHTaKTa ¢ HATEePTHIM IJIACTUKOM, KOTODPBII 3aTeM y/1aJ1deM
nonagbiie. [locse 310t mpoIEeyphl, OHE OTTAJIKUBAIOT APYT JAPYTra, €CJIH OHU
PACIIOIOXKEHBI PIOM. UeM Kopode HUTH, TeM OOJIbIe Oy/IeT YTOJT PACXOXK ICHUST
HUTeH pyu PUKCUPOBAHHOM DPACCTOSTHUU MEXKJIy BEPXHUMU KOHIIAMU HUTEL.
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4.9 MagraukoBas HUTH I'pes

Hapsiny ¢ s71eKkTpudecKuM MasgTHHUKOM, MOXKHO IPUTOTOBUTH JIPYTOil MHCTPY-
MEHT, KOTOPBII Ha3bIBAETCS ,MasITHUKOBASI HUTDL . DTOT IPUOODP OBLIT IIPEJTIOXKEH
CruBernom ['peem B 1729 romy Kak CpejicTBO i IPOBEPKH JIEKTPUIECKOTO CO-
crogHug Tea. 2’

DTO MPOCTO-HAIPOCTO XJIOTIKOBAsI WJIU JIbHSAHAS HUTDH, CBUCAIONIAS C Jepe-
BanHoil nasouku (Puc. 4.28). DiekTpudecKnil MasgTHHK JIEIAETCS C IMIETKOBOM
WJIN HENJIOHOBOM HUTHIO. 3;1,6(:13 2K€ Ba2KHO HCIIOJIb30BaThb HUTH M3 XJIOIIKa HNJIN
sgbHa. ITaaky MOXKHO IO/ IepKNBaTh PYKON MM 2Ke IPUKPENHUTD €€ K IOIX0/Is-
el orope.

LEepeBAHHbIN Wamnyp

xnonan06yma»<Han HUTb

Puc. 4.28: MagruukoBast HUTH ['pest.

DkcnepumeHT 4.18

Mp! noAHOCHM HEATPAIBHBIH KYCOK IUIACTUKA GJIM3KO K MAsTHUKOBON HUTH.
Hudero He npoucxoQuT, U HUTH OCTAETCS B BEPTUKAJILHOM ILOJIOKeHUH. Temepnb
MBI TIOJJHOCHM HATEPTHIH KyCOK IIACTHKA K MasTHUKOBON HuTu. Hurh OTKIIO-
HsleTCsl B cTOpoHy 1uiactuka (Puc. 4.29).

Puc. 4.29: Ilpursizkenne MasgsTHUKOBOW HUTH HATEPTHIM IIJIACTUKOM.

B sTOM cocrouT OCHOBHAs (DYHKIMSI MasiTHUKOBOW HUTH — OHA II03BOJIs-
eT OIPEeNE/IUTh, 3apsizKeH OJIu3JIexkanuit 06beKT i HeT. MasiTHUKOBasi HUTh
I'pest 970 TPOCTO BepTUKAIbHAS HUTH, [TO/IBEIIEHHAS 38 BEPXHUIl KOHEIT, a HUXK-
HUIl KOHEIT MOXKET CBOOOIHO IepeMemaThbcs B J0060M HampasieHuun. Hurs u3

26(Grad]|, [Graf] u [Grail.
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XJIOIKa WJIA JIbHA, Ha HI2KHEM KOHIlE KOTODOI HEeT HH Ilepa, HU KaKOI'o-JInOOo
Apyroro npejMera. JToObl IPOBEPUTH, 3aPs2KEHO TeJjio uiau Het, ['peit mpocro
[IOJIHOCUJI HUTH OJIN3KO K 9TOMY TeJy. Kciim HUTh IPUTATHBAIACh TEJIOM, CKJIO-
HSISICh K HEMY, 9TO O3HAYAJIO, 9TO O0BEKT OBLI 3JIEKTPUYeCcKH 3apsizkeH. J{o sToro,
[IPUBBIYHAS [IPOIIE/LyPa JIJIs OLIPEIeJIEHIsT SJIEKTPUIECKOI0 COCTOSIHUS TeJla 3a-
KJIIOYAJIaCh B HAOJIIO/IEHUN, IPUTSTUBAET JIM OHO HAXOJAIINECS PsJIOM JIETKUE
IIpe/IMeTHI, KaK B dKciepuMmenTe 2.1. I'peil Halmes Jgpyroit MeToJ; — OTKJIOHe-
Hue HATH B ero MasgTHuKe. OH CIenuaj bHO OTMEYaJ, YTO ITOT HOBBIH METO/T

061a78eT GOJIBIIel TyBCTBUTEIBHOCTEIO, YeM CTaphIil:2’

Habmronenne sdpdexra npursizkeHus JIydiie BCEro MPOBOIUTH, O/
JIepXKUBasi MPUTATUBAIONIEE TEJIO B OJHON PyKe, a TOHKYIO GesIyio
HUTb, IPUBA3AHHYIO K IIAJIKE, B JIPYroOil [pyKe|; TAKUM IIyTeM MOYKHO
PACIIO3HATH NPUTSYKEHNUsT ¢ TOPA3/I0 MEHbIIEH HHTEHCUBHOCTBIO, YeM
[[yTeM UCIIOJIb30BAHNUS [JIMCTOUKOB 3| JIATYHHU.

dkcnepumenT 4.19

Teneps MBI 1T03BOJIIEM MaTHUKOBON HATH IPUKOCHYTHCSI K HATEPTOMY ILIa-
cruky. 3amerum, 9To ona npuiunaer K memy (Puc. 4.30).

S SEsLks]

S

Puc. 4.30: llonsecnas auTh ['pes npuiumaer K HATEPTOMY IJIACTUKY ITOCTIE KOH-
TaKTA.

3mech Mbl HABJIIOAAEM ITOBEJIEHUE, OTJINYIHOE OT IOBEJECHUS] B KCIEPHMEH-
Te 4.7. B 3TOM paHHEM 3KCIIEPUMEHTE, JICKTPUIECKUII MAgTHUK OTTAJTKIBAJICS
ocjie KOHTaKTa € HATEPTHIM IJIACTUKOM. ODTO O3HAYAET, UTO JIEKTPUIECKUI
MasgTHUK I MagTHUKOBAas HATH — Pa3/IMIHbIC MHCTPYMEHTHI, KOTOPBIE BEIyT ce-
Os1 110 pa3HOMY B OJJHHX M TeX ke ycjioBusix. IlojiBecHast HUTh 3TO He IIPOCTO
JIEKTPUYECKUN MAaATHUK 0e3 OGyMarKHOro JIUCKA.

27|Graf, ctp. 289).
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4.10 KaptorpadupoBanue 3JIeKTPUIECKOIl CUJIbI

MBI MO2KEM HCIIOIB30BATH JIEKTPUYECKNN MASITHUK JJIs KapTorpadupoBaHUsS
JIEKTPUYIECKOH CUJIBI TI0 AHAJIOTUH C TEM, KAaK 9TO MBI JI€JIAJIU C IIOMOIIBIO BEPCO-
puyma B pazuese 3.4. las saToro Ham moTpebyercst HHINKATOP 3K TPUIECKON
CUJIBI. DTO TI0 CYIIECTBY JIEKTPUIECKUN MASTHUK, B KOTOPOM MbI 3aMEHSIEM
OyMarKHBII TMCK MaJeHbKOI CTpeKoil m3 OyMmard, aafoMUHAEBONH (HOabru uin
TOHKOTO KaproHa. OHa J0/KHA YKA3bIBATH B NOPU30HTAJIBHOM HAIPABICHUNA U
I[IOJIBEIIIEHA B €€ IEHTpe IIEJIKOBOI min HeilsloHOBO# HuThio. OHa MOXKeT ObITh
JUIMHOM OT 2 JI0 5 CM, ¢ IMIUPUHON BepTUKaJbHOrO BaJia ot 0,2 j0 0,5 cM, Mak-
CUMAJIHHOI MUPUHON HaKOHedIHUKa, cTpesikn oT 0,5 10 0,7 cM. DTO TOJBKO Ipu-
OIM3UTEIbHBIE PA3MEPhl U HE UMEIOT KPUTHIECKOTO 3HATEHUS.

V106HO Ie/IATh U KPEIUTh CTPEJIKY U3 ILJIACTHKOBOI coomkm. 28 Tomnkas Kap-
TOHHAsI CTPEJIKa, HAIIPUMED, MOXKET OBITh IIEPBOHAYAJIBHO JINHOM oT 4 10 6 cM,
¢ mupwuHoit Basa ot 0,2 1o 0,5 cM, ¢ MAKCUMAaJIbHBIM Pa3MepOM HAKOHEYHUKA
crpenku ot 0,5 10 0,7 cM. MBI oTpe3aeM IJIACTUKOBYIO COJIOMKY JITUHON 3 — 5
cM. MazkeM KJieit Ha OIHOI CTOPOHE CTPEJIKA U KJIeeM HUZKHIOIO 9aCTh IEJTKOBOM
HUTH U COJIOMKY K 9TOH cTOpoHe. 3aTeM orubaeM BaJl CTPEJIKH BOKPYT COJIOMKH,
ckperuisisg ux Bmecre. CTpesika JOJKHA 3aHUMATD TOPU30HTAIBHOE MOJIOYKEHUE
B CBODOJTHO BHUCSYIEM COCTOsTHUH. Ecim HeoOXOMuMO, Mbl MOYXKEM YKOPOTHTH CO-
JIOMKY B HY?KHOM MeCTe, YTODBI IIPUBECTU CTPEJIKY B HYYKHOE TOPU30HTAJIBHOE
nojioxkenne. Hy»KHO coOpaTh HECKOJBKO IMOJOOHBIX WHIWKATOPOB JIEKTPUIE-
ckoit cuel (Puc. 4.31).

—

Puc. 4.31: UnaukaTop 971€KTPUIECKOH CUJIIBI.

DkcnepumeHT 4.20

Mpebr oBTOpsieMm Temnephb dKcmepuMeHT 4.5. To ecTb MBI HATUpPaEM ILJIACTUKO-
BYIO COJIOMKY, KOTOpasl yCTaHaBJleHAa BEPTHUKAJbHO HA COOTBETCTBYIONMIEH OIO-
pe. Mbr 3arem npubiinkaeMm ee MeJJIEHHO K UHIUKATOPY JIEKTPUIECKOTO IIOJIs,
IIEPBOHAYAJIBHO IIPEJIOTBPAIIAas CTPEJIKY OT COIIPUKOCHOBEHNUS C HATEPTHIM I1JIa-
CTUKOM. 3aMEeTUM, UTO MasTHUK IIPUTITHBAETCS] HATEPTHIM ILJIACTUKOM U HUTh

28[FMoO1].
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CKJIOHZeTCd K HeMy. KpoMe TOro, KOHYMK CTPEIKH YKA3bIBAET 10 HAIIPABJIEHIIO
K HaATEPTOI COJIOMKE, HE3ABUCHUMO OT TIOJIOXKEHUS CTPEJIKH 110 OTHOIIEHUIO K Ha-
TEPTOMY ILIACTUKY. DTO IMOKA3BIBAET, YTO IJIEKTPUIECKAs CUJIA, UCXOJSIIAsi OT
HATEPTOTO IJIACTUKA, YKa3bIBAET HA Hee, KAK MbI BUJIEIU B dKCIEpUMeHTe 3.4.

Oxcnepumenrt 4.21

Terepp MBI IOBTOPsieM KcriepuMeHT 4.20, Ha 9TOT pa3 MO3BOJIASA CTPEJIKE U
HATEPTOMY ILIACTUKY CONPUKOCHYThCA. 1loce KOHTaKTa, MasTHUK OTTAJIKHBA-
€TCsi OT COJIOMKH W HATH OTKJIOHSIETCS B CTOPOHY OT Hee. Kpome Toro, KOHIHMK
CTDEJIKU YKa3bIBaeT B PAJUAJILHOM HAIIPABJIEHUH OT HaTepToro miacruka (Puc.

4.32).

(a) (b) (c)

Puc. 4.32: (a) IlepBoHauaabHO CTPEJIKA IIOKA3BIBAET B CTOPOHY HATEPTOTO ILJa-
cTHMKa, Tak Kak Iutactuk npurarusaer ee. (b) Crpesika NpuxoauT B KOHTAKT
¢ cosomkoii. (c) ITociie KOHTAKTa, CTPEIKA OTTAJKHUBAETCH COJOMKOIl, KOHUYUK
CTPEJIKA YKa3bIBAET IPU ITOM B HAIIPABJIEHUU OT COJIOMKH.

Okcnepument 4.22

Terepb MBI UCIIOJIB3YEM HECKOJBKO WHIMKATOPOB 3JIEKTPUIECKON CUJIbI, Pac-
ITOJIOYKEHHBIX BOKPYT HATEPTOI'O IIJIaCTHKa. BHaYase MBI CjIe/IyeM Toil XKe cXxeMe,
9TO0 U B 9KcnepuMente 4.20, a UMEHHO, He JIOIyCKaeM KOHTAKT MEYKJTLy CTPETKAMU
¥ COJIOMKO#. 3aMeTHUM, 9YTO BCE OHU YKA3BIBAIOT B CTOPOHY HATEPTOTO ILJIACTUKA
(Puc. 4.33 (a)). Temeps MBI 1103BOJISIEM HATEPTO COJIOMKE M CTPEJIKAM BOITH B
KOHTAKT. 3aMETUM, 9TO II0CJIe KOHTAKTa BCE OHU YKA3BIBAIOT B PAIUAIBHOM OT
cosomku Hanpasiennn (Puc. 4.33 (b)).

OcuoBHoe orTmune mexkay sxcrepumentamu 4.20, 4.21 u 4.22 ¢ omHO#U cTO-
POHBI, U SKCIEPUMEHTOM 3.4 — C APYTOil, COTOUT B TOM, UTO TEIEPH CTPEJIKHU
YKa3bIBAIOT He TOJBHKO HAIIPABJIEHHE CUJIbI (B JAHHOM CJlydae PaJuajibHOe Ha-
[IpaBJIEHKE), HO TaKKe YKa3bIBAIOT, SIBJISETCH JIM CUJIA IIPUTATUBAIOINIEH (CTpes-
KM YKa3bIBAIOT B CTOPOHY HATEPTOH COJIOMKHN) MJIM OTTAJKUBAOIEH (CTpeskn
YKa3bIBAIOT OT HATEPTOI COJIOMKH).

DkcnepumeHT 4.23
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(a) (b)

Puc. 4.33: (a) Ilepes KOHTAKTOM CTPEJKK yKA3bIBAIOT K HATEPTON COJIOMKE, Oy-
nyun npursaayTeiMu K Heit. (b) [Tocsie KoHTaKTa OHM YKA3BIBAIOT B HAIIPABJIEHUN
OT IJIACTUKA, OTTAJIKMBASACH OT HETO.

Takoit Ke KCIEePUMEHT MOXKHO MOBTOPHUTH C HATEPTO#l COJIOMKOW B TOpH-
30HTAJIBLHOM TOJIOKeHnH. [lepes1 KOHTAaKTOM CTPEIKM YKAa3bIBAIOT B €€ CTOPOHY,
rmocjie KOHTaKTa B CTOPOHY OT Hee, KaK NoKa3zano Ha Puc. 4.34.

NLLEL <

(a) % (@ oo o o ) )

2 TTTTT <
NOTTTTT @

(b) —— (Eomomm o mm o mm o e)

< LU N

Puc. 4.34: (a) Crpeakn, KOTOpBIE elle He TPUKOCHYJINCH K HATEPTON COJIOMKE,
npurarusaiorca K neit. (b) Ilocie KOHTaKTa OHU OTTAJKMBAIOTCH OT HEE.

DkcnepumenT 4.24

Teneps MBI HATHpAEM JB€ ILIACTUKOBBIE COJIOMKM IO BCEH JIJINHE OIHUM U
TeM Ke MaTepPHasIOM, KaK JIMCT OyMaru, HallpuMep. DT COJTOMKHU PACIIOIOKEHbI
00K 0 60K BEPTUKAJIHLHO HA COOTBETCTBYIOIIUX Omopax. VHINKATOD 3JeKTpude-
CKOIl CHJIBI IIOJHOCUTCS OJIN3KO K COJIOMKE, He JIOIyCKas KOHTAKTa MEXK Y HUMHU.
3aMeTuM, YTO CTPEJIKa MPHUTATUBAECTCH K 00EUM COJIOMKAM, CKJIOHSSICh K HEM.
OpueHTaIus HECKOJIBKUX CTPEJIOK B PA3JIMIHBIX MOJIOXKEHUSX BOKPYT COJIOMU-
HOK npezcraBiena Ha Puc. 4.35 (a). Opuenranus KaxKI0#l CTPEJIKH SBJISIETCS
pe3y/IbTaToOM BJIUSHUST O0EMX COJIOMOK. DTO COOTBETCTBYET BEKTOPHOMY CJIO-
JKEHWIO CUJI WJIM MOMEHTOB, JIEHCTBYIOIINX CO CTOPOHBI KaXKJI0M COJIOMKH. DTO
aHAJIOTUYHO 3KCIEPUMEHTY 3.5.
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MpbI 1OBTOpSIEM 9TOT KCIEPHMEHT, HO Telepb MO3BOJIsIsA KOHTAKT MEXKJLy
COJIOMKaM1 1 HATEPTBIM IIJIACTUKOM. HOC.He KOHTaKTa CTPEJIKI OTTaJIKUBAKOTCHA
OT COJIOMOK, KakK ykazaHo Ha Puc. 4.35 (b).

\ LY vy
/1A VAR

(@) (b)

Puc. 4.35: InaukaTophl 3JIEKTPUIECKO CUJIBI IPUTATUBAIOTC, (&), U OTTAJIKH-
Batorcst, (b), ABYMS HATEPTHIMU ILIACTUKAMH.

OTHU IKCIEPUMEHTHI YKA3BIBAIOT HA BEKTOPHYIO IPUPO/LY JIEKTPUIECKUAX CII,
HE 3aBHUCHUMO OT TOT'O, SBJSIOTCH JIM OHU IPUTATUBAIONIUMHU WK OTTAJIKABAIO-
mmu. [IpenmymecTBo KaprorpadupoBaHus CO CTPEJKAMH, [I0 CPABHEHHUIO C
KapTorpaupOBaHUEM C MIOMOIIBI0 BEPCOPUYMOB, COCTOUT B TOM, YTO CTPEJIKHU
YKa3bIBAIOT HE TOJIBKO HAIIPaBJIEHUE CUJI, HO TaKXKe Ha UX XapaKTep — IPUTd-
2KeHUe WM OTTAJKUBaHUE.

DkcnepumeHT 4.25

Tot ke 3ddeKT MOXKHO MOJIYUUTH € MOMOIIBI0 HECKOJBKUX BEPCOPUYMOB
Hiode, BMECTO MPOCTHIX METAJUIMIECKUX BepcopuyMOB. MBI TpeM IracTuk u
pa3MelnaeM ero Tak, 4YTOObI HATEPTHIH yd9acTOK ObLI HA TOM K€ YPOBHE, UTO
U IJIOCKOCTH BEPCOPUYMOB. MBI IIOJIHOCHM HATEPTHIN NJIACTUK OJIM3KO K BEPCO-
puymam, n3derast KOHTAKTa. BepcopuyMbl TOBOPAYMUBAIOTCS BOKPYT CBOUX OCEiA.
[Tocne mocTmkeHUst paBHOBECHSI M OCTAHOBKU, AJIIOMUHUEBas (posibra Ha KaxK-
JIOM BEpCOpUYMe YKa3blBaeT B HalpasjeHuun Hareproro miacruka (Puc. 4.36
(a)).

Teneps MbI pa3peniaeM KOHTAKT MEXKIY HATEPTHIM IIJIACTUKOM U AJIIOMIHU-
eBbIME (DOJIBIaMU, IIOKa OHM HE HAYHYT OTTAJKMBATHCS OT ILJIACTHKA. Bepco-
PUYMBI TIOBOPAYUBAIOTCSI, U B HOBBIX ITOJIOXKEHUSIX PABHOBECHS KaXKIAsl AJIFOMIU-
nueBasi oJibra yKasblBaeT B HalpasjeHun oT Hareproil cosomku (Puc. 4.36
(b)).

C nomorpio BepcopuyMos iode MbI MOXKEM TaKzKe MOy YU Th KapTorpadun,
aHAJIOTUYIHBIE TEM, 9TO B dKcrnepuMenTax 4.23 u 4.24.

4.11 XoyKcbu u KaprorpadupoBaHue dJjIeKTpude-
CKUX CHJI

BeposiTHO mIepBBIM, KTO COCTABMJI KapTy JIEKTPHYECKUX CHJI, 6611 XOyKCOM B
1706 romy. OH HCHOIB30BATI HM300PETEHHYIO UM JIEKTPUYECKYIO MAIIHHY, KO-
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Puc. 4.36: (a) Amomunuesas dosbra Kaxkaoro sepcopuyMa Tiode npurarusa-
ercs HaTepThiM KyckoM miacruka. (b) Ilocie KoHTaKTa, OHA OTTAIKUBACTCA OT
3apAKEHHON COJIOMKH.

Topyio Mbl onmcasin B pasgeie 4.2 (Puc. 4.8). On 3aMeHMI CTEKJISHHBIA ap
MUTAHIPUIECKON CTEKJITHHON TPYOKOM, MO/ IepKIBaeMOl TOPU30HTAILHO UJIN
BEPTHUKAJIBHO TaK, YTOOBI OHA MOIVIa BPAIATHCA C BBICOKOH CKOPOCTBIO BOKDYT
cBoeif ocu. B mporiecce BpammeHnst oHa 3apsrkKajlach TPEHHEM OT PYK HJIH JIICTA
6ymaru. Bor onmcanme ero skcmepuMenTa:2?

HpO()O/LOfCEHUE IKCNEPUMEHTTNOE MO NPUMANCEHUIO CIMEKAQ.

¢ mpuobpest CTEKI0 TOUTH MUINHIPIIECKO (POPMBI, IIUHON U ara-
METPOM OKOJIO CeMHU CAHTUMETDOB [18 cM|, KOTOpoe pUBOUIOCH B
JIBIDKEHUE [BpallleHne BOKPYT CBOEH OCH CHMMETDHH| OT MAIIMHBI
HOBOW KOHCTDYKITMHU; C PACIIOJIOXKEHHON TOPU30HTAJIBHO OCHIO, KO-
TOpas B paHee IPOBE/IEHHBIX IKCIEPUMEHTAX IMOJ0OHOrO poja ObLIa
HAIPABJIEHA B JUAMETPAJILHO IPOTUBOIIOJIOXKHYIO CTOPOHY. |...|

Temepnb TO, 9TO JABIINE 1 JOJIZKEH J00ABUTH, ITPOU3OIILIO U3 HAOJIIO-
JIEHUsI, YTO JIEPKHWE Tejia BCETJa, Ka3aJoch Obl, B PABHOI CTEleHH
[NPUTSTUBAIOTCS, WK TATOTEIOT; TaK YTO s MPEJCTaBUJ cebe TOJLy-
KPYT IIPOBOJIA, KOTOPBIA s MOT' IPUKPENUTH Ha (DUKCUPOBAHHOM PAaC-
CTOSIHUHU [OT OCH UUJIMHIPa| BOKPYT BePXHEIl IOBEPXHOCTH CTEKJIa Ha
paccrostanu 4 w5 goiivos [10 niwm 13 cm| ot Hero. Bokpyr sToro
poBojia Obljla HAKPYYeHa HUTbH, ¢ TOMOIILIO KOTOPOH s MOT ¢ Jier-
KOCTBIO IIOBECUTD [JIbHSIHBIE, XJIOINKOBbIE MJIM IIEPCTsiHbIE]| HUTH HAa
[IOYTH PABHBIX PACCTOSHUSX; HUYKHIE KOHIbI KOTOPBIX ObLIN HA Pac-
CTOSIHMU MeHee, 4eM JioiiM [2,54 cMm| oT cTeksa, KOrja BbIHYKIEHbI
npubINKATHCS K €ro IMEHTPY, HO B CBOOOHOM COCTOSTHUU BBITJISIIIEN
TaK, KaK MokazaHo Ha pucynke 1 [Puc. 4.37].3°

1 xorpa nmumHAp KPYTUIICS JTOBOJIBHO OBICTPO, 9T HUTHU BBITJISIE-
JIM B TIOJABUKHOM BO3MyXe TaK, Kak mokazano Ha Puc. 2. Ho xorma

29|Haua, ctp. 2332—2335].
30[Haua| u [RR57, cTp. 568].
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s IIPAJTATAJT MO0 PYKY K HUYKHEH JacTH [KpyTsierocsi| cresa [mis
TOro, 9TOGHI 3aPSIIATH CTEKJIO 38 CUET TPEHWUsl|, TO HUTH BBICTPANBAa-
JINCh TaK, Kak moka3aHo Ha Puc. 3. U Bce yacTu, KaXKeTcsl, TSITOTEIOT,
WM TPUTSITUBAIOTCS BIOJIb [IPSIMOi JINHUK K TEHTPY JBUKYIIET0CS
Teja [TO €CThb B HAIPABJIEHUW OCH IMJIMHJIPA|, HE HCIBITHIBAs HU-
KaKUX MCKAYKEHWH WU HAPYIIEHWH MOPsIKa PACIIOIOXKEHUS M3-3a,
BeTpa, BHI3BAHHOI'O B BO3/yXe OBICTPBIM JBUKEHUEM; U 51 MOT IIy-
TeM CJIBUTA [[OJIOXKEeHWsl yJacTKa] TpeHusl, NPUTSATUBATH UX BJOJIb
JINHUW K OJHOMY WJIM JPYTOMY KOHILY IUJIMHIPA; HO BCE €Ille YKA3bl-
Baoreii Kk ero ocu. U eciin paszsepHyThb [OJIyKPYIJIYIO] IIPOBOJIOKY
C HUTSAMH, KaK d MBITAJICI, T.€. OXBATHIBAs HUXKHYIO JaCTh IWJINH-
Jpa, KaK MpeXkJe BEpXHIOI, OHa pearnpoBasia TOYHO TaK Ke, Kak
U TpexKJie; BCe HUTH YKa3blBas Ha OCh IuumHipa: cM. Puc. 4 [Puc.
4.37]. 51 rak>Ke IPUBOJMI B JIBUXKEHHE TOT Ke CTEKJISHHBIN [[HJIHH/D
B MEPIEHIUKYISPHOM IOJIOXKEHUHU, B PE3YJIbTATE Uero s UMeJ BO3-
MOYKHOCTD Pa3MeCTUTH 0OpYd MIPOBOA IO TOPU3OHTAN, KAK U PAHb-
e ¢ HUTSIMHU, U OCTABUTH TOJILKO OJIMH MAJIEHBKUH yIACTOK MEXKTy
HUMU, JOCTYIHBII TPUKOCHOBEHHUIO TAJIBIIAMU; U BCE K€ HUTHU, KO-
g NUIMHADP OB PACKPYYEH U 3apsi?KeH TPEHUeM, IIPUIIOIHUMAJII
cebsi OT MEepBOHAYABLHO BUCSYErO ITOJIOXKEHUsI, Jlejiasi KPyr'd B TO-
PU30HTAIBLHOMN IJIOCKOCTH, C HAIIPABIECHHBIMH, KaK U MPEXKIe, K OCH
X CBOOOTHBIMU KOHIIaMU. Temepb, BHIHOCUTDH CyKIEHNE, HACKOIHLKO
XOPOITIO TOT IKCIIEPUMEHT MOXKET CJIYKUTD JJIs 1eJIn 00bICHEHUS
[IPUPOJIBI JIEKTPUYECTBA, MAarHETU3Ma WJIM IPABUATAIMH TEJI, BBIXO-
JIUT 32 MPEeJIebl MOeil KOMIIETEHIINN; HO CO BCEM CMUPEHUEM T'OTOB
MPEeJOCTaBUTh 9TO TEM YUEHBIM TOCIIOIaM 3TOTO OJArOPOIHOIO 00-
IEeCTBA, KTO YK€ 3aHUMAJICS TTOIOOHBIMI BOIIPOCAM.
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Puc. 4.37: Kaprorpacdupopanue XoyKcOu 3J1eKTpUIECKOil cuiibl. Byt ¢ Topra
CTEKJISTHHOTO IMJINHJPA, HOKA3BIBAIOIINN ITOJIOKeHWe HUTEeH, KOTJa IMJINHID:
(1) HEMOBHIKEH U He JIEKTPU30BaH; (2) BpalljaeTcs U He JIEKTPU30BaH, IIOTOKH
BO3/yXa BOKPYI' HErO TalllaT BCe HUTU B OJHOM W TOM Ke HaupasjeHuu; (3) u
(4), Bpamaercst u IEKTPU30BAH, U B ITOM CJIyuae, HECMOTDSI HA IIOCTOSTHHOE
[PUCYTCTBHE BO3JYIIHBIX IIOTOKOB, KaXK/1asl HUTH BBINPSIMJISETCS U YKA3bIBACT
Ha OChb ITUJIMH/IDA.
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I'maBa 5

1lomoxKureapabie n
oTpunare/ibHble 3apsibl

5.1 CKoJibKO THUIIOB 3apsijga cymniecTByeT?

Tenepsb MbI IIPOBOJAYIM HEKOTOPBIE SKCIIEPUMEHTHI, AHAJIOTUIHBIE IKCIEPUMEHTY
4.7. MBI ucriosib3yem cJieIyorme THCTPYMEHTHI: JBa JIEKTPUIECKAX MASITHUKA,
obosnauennnix [ n I, u Merasuimaeckuit Bepcopuym. Kpome TOro, Mbl TakKe
OyeM HCIOIB30BATh CJIEIYIONIEe MATEPUAJIBL: JBE IIACTHKOBBIE COJIOMKH, JIBE
AaKpUJIOBbIE J'[I/IHGI‘/’IKI/I7 JBa CTEKJIAHHBIX CTaKaHYUKa, IIapy MIEJIKOBbIX YYJIKOB 1
JIBa KyCKa, TKAaHU, U3rOTOBJIEHHBIX U3 aKPUJIOBBIX HUTEH. DTU MATEPHUAJIbI, B TON
dopme, K KOTOPOil OHU HCIOIB3YIOTCS B CJIEIYIONINX SKCIIEPUMEHTAX, OIUCAHBI
una Puc. 5.1. BmecTo mapsl e IKOBBIX TyJIKOB, MBI MOYKEM TAKZK€ HCIIOJIH30BaTh
JIBa KYCKa TKAHU, U3TOTOBJIEHHBIX U3 CHHTETHIECKOTO MMOJIMaMIJIA.

nnacTuKosas aKkpuaosasn CTEKNAHHbIN
CONOMKa JINHEeNKa CTaKaH4YUK

o aKpunosas
LIE/KOBbI

Puc. 5.1: Marepuasibl, UCIIOJIb3yeMble B CJIEAYIONINX SKCIEPUMEHTAX.

SlepcTsHEBIE" KATYIIKYA, KOTOPbIe OOBIYHO IIPOJAIOTCS B Mara3wHax B Ha-
mw jaan, usrotasiaenbl n3 100 % cuaTeTmuecKkux akpuIOBBIX HUTEH. Mbl Oymem
CYUTATH, 9TO MBI HCIIOJIb3yeM TKAaHb WM OJIy3KY, H3TOTOBJIEHHYIO U3 ITHX AK-
puaoBBIX HuTelt. UTO KacaeTcsa TIy/aKOB, OHU 00S3aTEIbHO JIOJ?KHBI OBITH M3r0-
TOBJIEHBI M3 III€JIKA WJIM TKAHU M3 CUHTETUYIECKOIO MoJIMaMujia. B ciemgyromux
PUCYHKaX MbI OyJeM CCBLIATHCS Ha OIWH W3 ITUX IYJIKOB, WIH OIHY U3 ITUX
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CHHTETUIECKUX TOJUAMUTHBIX TKAHeH KaK ,IIIeJTKOBBIA TyI0K".

Heﬂb 9TUX IKCIIEPUMEHTOB — IIOKa3aThb, 9YTO Pa3/IMYHbIC HaTepTbhie MaTepu-
aJIbl UMEIOT Pa3/InYHbIE JIEKTPUYECKUE 3apsibl. 1lepesr HAUAIOM KaXKI0ro 9KC-
MIEPUMEHTa, MBI JIOJI?)KHBI KOCHYThCsl BEPCOPUYM U OyMasKHBIE JIUCKU JIEKTPUIe-
CKUX MAATHUKOB MAJIBIEM, YTOOBI PA3PAIUTh UX. DTO JOJKHO OBITH TOBTOPEHO
JIO TIOTHECEHUsI KasK/I0T0 M3 HATEPTHIX 00BHEKTOB OJIM3KO K MasgTHUKaM. Bepco-
puyM 6yJIeT UCHOJIB30BATHCS JJIsl IIPOBEPKH, SABJIAIOTCS JIH TeJIa HEHTPATIbHBIMA
win 3apsizkeHHbIMU. OJ[HA COJIOMKA, OJUH CTAKAHYUK, OJIUH UYJIOK U OJHA JIM-
HelKa JIOJKHBI ObITh HEHTPAJIBHBIMU, HE OKA3bIBasl BJUSHUS HA BEPCOPUYM, U
OHM He OYIIyT TOJBEPraThCsl TPEHUIO B XOJI€ IKCIIEPUMEHTA.

st TOro, 9T00BI HAJIEKTPU30BATH CTEKJIO, OHO, KaK MMPABHUJIO, JTOJ?KHO OBITH
cyxum. Kpome TOro, cTekso ciemyer mpenBapUTEIbHO IOJOTPETH IMEpes TeM
KaK HaTepeb €ro, WHave OHO paspsauTcd depe3 Hamu pyku. CTeKJI0 MoOKer
3a10TeTh OT ODpAIeHNs ¢ HUM PyKaMU, U 9TOrO cjenyer u3dberatb. Ero MOXKHO
MOJIOrPEeTh HA OrHE WJIM B MUKPOBOJHOBOH II€YM TepeJ, KaXKIbIM HATHUPAHUEM.
Ecsin BeIOpaHHBIN CTEKJISTHHBIA TPEIMET HE MOIJAETCs 3apSIKe TPEHUEM, BbI
MoOzKeTe MonpoboBaTh JIpYyTIHe CTEKJISHHBIE TIPEJIMEThI WJIN JIDYTHe BUJIBI CTEKJIa,
[IOKa BBI HE HaliJIeTe IMOIXOJIAIIee 3apsiKaeMoe CTEKJIO.

Harupanue Bcex sTux MarepuajioB O6yjeT MPOU3BOIUTHCS C TIOMOIIBIO aKPH-
JIOBOI TKaHu. JIJist 3TOr0 HyKHO 00EPHYTH IUIACTUKOBYIO COJIOMKY (UM AKPUJIO-
BYIO JIMHEHKY, WJIA [IEJKOBbI IyJIOK) aKPUJIOBON TKAHBIO U OBICTPO BBHITSHYTH
coJIoMKY. MOKHO Tak»Ke TIPOCTO MOTEPETH CTEKJIO OBICTPBIMU JIBUYKEHUSIMU TKa-
HU I10 €0 MOBEPXHOCTH.

Korma Mb1 HaTHpaeM 00BbEKT IETKOBBIM YYJIKOM, 3TO Oy1eT 0603Ha4eHO Oy K-
Boit S Ha Tene. Korma 3T0T 00bEKT MBI TpEM aKPUJIOBON TKAHBIO, 3TO OyIeT
npejcraBieHo OykBoit A. Mbr OyjieM HAHOCUTD JBe OYKBBI HA OyMarKHbIE JUCKH,
KOTOPBIE CHAYAJIA IPUKOCHYJINCH K HATEPTHIM TeJIaM, W 3aTeM HAYAIN OTTATKH-
BaThCd OoT HuX. [lepBas OymeT 0003HAYATDH BEIIECTBO OOBHEKTA, KOTOPBI COMPH-
KOCHYJICSI C OyMazKHBIM JIUCKOM. Bropasi 6ykBa 0003HaYaeT MaTepuasl, KOTOPhIM
00bekT HaTHpasH. Marepuas, u3 KOTOPOro COCTOUT OOBEKT, OYIET IIPE/ICTABIIEH
oykBamu P, G, A u S. OHE yKa3bIBAIOT, COOTBETCTBEHHO, IJIACTUK, CTEKJIO, aK-
pui u miesk. Hampumep, 6ykBbl PA Ha GyMakKHOM JIUCKE MMOKA3BIBAIOT, YTO OH
COIPUKOCHYJICST ¢ KYCKOM IIJIACTHKA, HATEPTOTO aKPHUJIOBOW TKAHBIO, a OyMarK-
HBII JUCK 3aTeM Ha4daJl OTTAJIKUBaaTbCdA OT HATEPTOI'O IIJIaCTUKA.

CragaJjia MBI TPOTAEM BEPCOPUYM U OYMAasKHBIE JINCKU JIBYX MAITHUKOB TAJIb-
namu. Mbl [OJHOCHM HEHATEPTYIO COJOMKY (UJIM CTEKJIO, 9yJIOK, JUHEHKY Win
TKaHb) OJU3KO K BEPCOPUYMY, Y4TOOBI YJIOCTOBEPUTHCS B JIEKTPUUECKOH Heii-
TPaJLHOCTU STUX TEJI, CyJIsl IO PeaKIuu BepcopuyMa. Fciim Kakoi-imbo u3 arux
HEHATEPTHIX MATEPUAJIOB OPUEHTHUPYET BEPCOPUYM, OH JOJIKEH OBITH 3aMeHEH
JPYTUM HEHaTEePThIM MATEPHUAJIOM, KOTOPBI He OyjieT OpUeHTHPOBaTh BEPCOPH-
VM U, CJIEJOBATE/IbHO, JIEHCTBUTEBHO SBJISETCS JIEKTPUIECKA HEATPAJBHBIM.
B xose sKcmepuMenTa Mbl HATUPAEM COJIOMKY, CTEKJIO, 4ysoK u juHeiiky. Cire-
JIYIOIINE SKCIIEPUMEHTHI pabOTAIOT TOJIHKO TOT/A, KOT/IA 9TH OOBEKTHI YCIENTHO
3apsKEHBI TPeHueM. UT00bI yOeIUThCsI, I9TO ITOT MEXAHU3M 3aPSIKNA CPaboTalT,
MBI OyIeM IpUOJIMKATD KaXKIblii U3 3TUX 0ObEKTOB K BEPCOPHUYMY IIE€PEJl TEM,
KaK TOJHOCUTh UX OJIM3KO K MasiTHUKAM. MBI JIOJ2KHBI TPOIOJKUATE SKCIIEPH-
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MEHTBI TOJIbKO TOIJIA, KOIJla BEPCOPUYM OPHUEHTUPYETCs 110 HAIIPABJIECHUIO 3TUX
TeJsl. DTa MPEJOCTOPOKHOCTh OCOOEHHO aKTyasbHa B Clydae crekja. Kak yro-
MMHaJIOCh paHee, HaTepToe CTEKJIO MOXKET JIEI'KO IIOTEPSATH COCTOSHHUE dJIEKTPU-
zanuu. KoHTaKT ¢ Halleil pyKoit MOYXKeT JIErKO pa3psaauThb ero. C 3Toro MmoMmenTa
MBI OyJIEM CIUTATH, 9YTO BCE HATEPThIE OOBEKTHI OBLIN YCITEITHO 3aPSI2KEHBDI.

Dkcnepument 5.1

ITnactukoBas coMOMKa, KOTOpad OblIa HaTepTa aKPHJIOBOH TKAHbLIO, HOIHO-
cuTcst 6IM3KO K II€PBOMY HEHTpPaJbHOMY MasATHHKY. MasdTHUK IPUTATHBAETCH,
Kacaercsi COJOMKH, a 3areM orTrankusaercst or Hee (Puc. 5.2 (a)). Mbr yuams-
eM MJIACTHK, T MagTHUK BO3BpAaIaeTcsa B BEPTHKAJIbHOE TojoKeHne. Mer Tpem
IIETKOBBIH TyJIOK JPYTUM KYCKOM aKpHJIOBOH TKaHW. MBI TOTHOCHM 3TOT HATEp-
TBHI 9yJIOK KO BTOPOMY HeiITpasbHOMY MagTHUKY. OH IPHUTATHBAETCA TyJIKOM,
KacaeTcs ero, a 3areM orroikusaercd or Hero (Puc. 5.2 (b)). Ilocre ynanenus
qyJIKa MasTHUK BO3BPAIIAETCs B BEPTUKAJIbHOE ITOJIOYKEHUE.

(2) (b)

Puc. 5.2: Tlocsie KoHTaKTa MaITHUKU OTTAJKUBAIOTCSI 00BEKTAMU, KOTOPbIE KOC-
HyJIMCh UX. BykBa A 03HadYaeT, 9TO TpPEHUE OCYIIECTBIISIIOCH AKPUJIOBOM TKAHBIO;
O6ykBbl PA 03HA4YAIOT, YTO MJIACTUK OBbLI HATEPT aKPUJIOBOM TKAHBIO; OYKBBI SA
03HAYAIOT, 9TO IIEJKOBBII 9yJIOK OBLJT HATEPT AKPUJIOBOM TKAHBIO.

MBI Terepb MeJJIEHHO MOJHOCHM HATEPTHIN IIeJIK K IePBOMY MasITHUKY, He
[I03BOJIsIsT IM CONPHKOCHYTHCST. MbI HaOJI0]aeM CHIIBHOE NPUTSKEHUE MEXKTY
aumu (Puc. 5.3 (a))! Korma MbI MeITIEHHO ITOHOCHM HATEPTYIO COJIOMKY GJIH3KO
KO BTOPOMY MasTHHKY, CHOBA HE JIaBasl UM COUPUKOCHYTHCSI, MBI TAK2Ke HAGIIIO-
naeM cuiibHOe nputsikenue (Puc. 5.3 (b)).

OKcriepuMeHT 5.2

CTeKJISHHBI CTAKAHINK HATPEBAETCS U HATUPAETCS aKPUIOBOi TKanbio. Ha-
TePTHI y4acTOK CTEKJIa MeJIJIEHHO IIOTHOCUTCA K IIEPBOMY MagTHUKY, KOTOPBIt
OBLI 3apsizKeH B pe3yJIbTaTe KOHTAKTa C COJIOMKOI B 9KcriepuMenTe 5.1, He joryc-
Kas KOHTAKTa MEXKJTy CTEKJIOM 1 OYMaKHBIM JTUCKOM MasTHUKa. Mbl HAO II0/1aeM
CUJIbHOE TIPUTS2KEHUE MEXK/Iy HATEPTBIM CTEKJIOM M 3apPSKEHHBIM MAasTHUKOM
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(a) (b)

Puc. 5.3: (a) IlepBblii MagTHUK, 3aPsAKEHHBIN [IPU KOHTAKTE C HATEPTHIM aKpH-
JIOBOH TKaHbIO IIJIACTUKOM, IIPUTATUBACTCA HATEPTBhIM aKPUJIOBOH TKaHbLIO IIIeJjI-
KOBBIM uysikoM. (b) BTopoil MasiTHUK, 3apsizKeHHBIH IPU KOHTAKTE ¢ HATEPTHIM
aKPUJIOBOI TKAHBIO YYJIKOM, IPUTATUBAETCS HATEPTHIM aKPUJIOBOI TKAHBIO ILTa-
CTHUKOM.

(Puc. 5.4 (a)). C apyroit cTOPOHBI, KOIJIa HATEPTHIH yIACTOK CTEKJIa IOCTEeH-
HO TIOJIHOCUTCSI KO BTOPOMY MAasITHUKY, KOTODBIil ObLI 3apsizKeH IIPpU KOHTAKTe C
IEJIKOBBIM 4YJIKOM B 9KciiepuMmenTe 5.1 (HeT KOHTaKTa MeXKIy CTeKJIOM U Oy-
MAazKHBIM JIICKOM MAsITHUKA ), Mbl HAOJIOAeM, ITO OHUM OTTAJIKUBAIOT JIPYT JADY-
ra (Puc. 5.4 (b)). Taxum 06pa3oM, Mbl IIPUXOJUM K BBIBOJLY, UTO 3apSI?KEHHOE
CTEKJIO JICHCTBYET TaK YKe, KaK 3apsSyKeHHBIN IyJIOK, HO He TaK, KakK 3apsi?KeHHAs
COJIOMKA.

(a) (b)

Puc. 5.4: (a) IlepBblii MagTHUK, 3apsI?KEHHBIN [IPX KOHTAKTE C HATEPTHIM aKpH-
JIOBO#1 TKAQHBIO IJIACTUKOM, IIPUTATUBAETCS HATEPTHIM aKPUJIOBOM TKAHBIO CTEK-
soM. (b) Bropoii MagTHUK, 3aps’KEHHBINA P KOHTAKTE ¢ HATEPTHIM AKPUJIO-
BOI1 TKaHBIO IIEJIKOBBIM 4YYJIKOM, OTTAJIKNBAETCS HATEPTHIM aKPUJIOBOI TKaHbBIO
CTEKJIAHHBIM CTAKAHIUKOM.

OkcriepumeHTt 5.3

Mpbr HaTHpaeM aKpUIOBYIO JIMHEHKY aKpHUJIOBOM TKAHDLIO, W JIMHEHKa MeJl-
JIEHHO TIOJTHOCUTCST K TIEPBOMY MAasTHUKY, KOTOPBIH ObLT 3apsizKeH B pe3y/bTaTe
KOHTaKTa C COJIOMKOII HaTepTOil aKpMJIOBON TKaHBIO, IIpeJoTBpamias KOHTaKT
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MEXK/Ly JINHEHKON M MasTHUKOM. 3aMEeTHM, YTO OHU OTTAJKUBAIOT JIPYT JPYyTa
(Puc. 5.5 (a)). C apyroii cTOpOHBI, KOT/ja HATEPTasl JMHEHKA MeJJIEHHO MOJIHO-
CHUTCS KO BTOPOMY MAasITHUKY, KOTODBINA ObLI 3apsyKeH B PE3y/IbTaTe KOHTAKTA C
[IEJIKOBBIM 9YJIKOM, HATE€PTHIM aKPUJIOBON TKAHBIO, OHU CHJIbHO [IPUTITUBAIOT-
ca (Puc. 5.5 (b)). Takum 06pa3om, Mbl IPUXOIUM K BBIBOJLY, YTO 3apSZKEHHAS
JIMHENKa NeifiCTByeT TakK Ke, KaK 3apdaKeHHad COJIOMKA, a He KaK 3apAKEHHBIN
YYJIOK WJIA 3aPSIZKEHHOE CTEKJIO.

(a) (b)

Puc. 5.5: (a) IlepBblit MasITHUK, 3aps?KEHHBIN IIPU KOHTAKTE C ILJIACTUKOM, Ha-
TEPTHIM aKPUJIOBOIl TKaHbIO, OTTAJKUBAECTCA AKPUJIOBON JIMHEHKON, HATEPTON
akpuaoBoil Tkaubio. (b) C 1pyroii cTOpoHbI, BTOPOil MAgTHUK, 3apA’KEHHDILI 1IpU
KOHTAKT€ C IIEJKOBBIM YYJKOM, HATEPTHIM aKPUJIOBOU TKAHBIO, IPUTATUBACTCA
AKPUJIOBOY JIMHEHKON, HATEPTON aKpUJIOBON TKAHDBIO.

DTOT FKCIIEPUMEHT MOYKHO IIPOBECTU B 0OPATHOM HOPsIJIKE, HO Pe3ysIbTar Oy-
aeT ToT ke. Hampumep, MBI pa3pszkaeM MasTHUKHA, TPEM aKPUWJIOBYIO JIMEUKY
aKPWJIOBOI TKaHBIO, U 3TON JIMHENKON 3apsrKaeM IIePBbIil MagTHUK ITOCPEICTBOM
KoHTaKkTa. CTEKJISTHHBIN CTAKAHINK HATDEBAECTCSI U HATHPAETCS] AKPUJIOBOH TKa-
HBIO, & BTOPO#l MasITHUK 3aps?KaeTCsl MM IMOCPEICTBOM KOHTakTa. Korma juneii-
Ka (MM COJIOMKA), HAaTepTasi aKPUIOBOH TKAHBIO, MEJJIEHHO IIOJHOCUTCsT GIIM3KO
K epBOMY MasgTHHUKY, He JOMYCKas KOHTAKTa, TPOUCXOJIUT OTTaJKnBanue. Ko-
I 9Ta JuHelKa (MM COJIOMKA) MEJJIEHHO IIOJHOCUTCS KO BTOPOMY MAsITHUKY,
HE JIOIYCKasl OISITh KOHTAKTa, MPOUCXOIUT mpuTsizkenne. C Jpyroil CTOPOHBI,
KOIJIa MBI MEJIJICHHO IIOJIHOCHM CTeKJIO (MJIM IIeJIK), HATepToe aKPHJIOBOW TKa-
HBIO, OJIN3KO K IEPBOMY 3apsi?KEHHOMY MASATHUKY, 0e3 KOHTAKTa, ITPOUCXO/UT
cuIbHOE IpuTszKeHre. MeJIeHHOe MOJHOMIeHNEe CTeKIIa (UK IEJIKA), HATePTOoi
AKPUJIOBOI TKAHBIO, KO BTOPOMY 3apsi?)KEHHOMY MAasTHUKY, 03 KOHTAKTa, BeIeT
K OTTAJIKUBAHUIO.

OTHU IKCIHEPUMEHTHI MOYKHO HMOBTOPUTDH C UCIOJIB30BAHUEM JIDYTUX MaTepU-
aJloB W TIOJIYYUTH AHAJOTHMIHBIE PE3yJabTaThbl. Bcerjna ecThb NPUTSKEHUE WU
OTTAJIKUBAHUE MeXK/Iy TeJIaMU, 3apsAKEHHBIMU TPEeHHUeM, U MadTHUKAMU, 3apd-
JKEHHBIMU [TOCPEJICTBOM KOHTaKTa. A 3apszKeHHbIE TejIa MOXKHO Pa3J/e/]uTh Ha
nBe OosbIliie rpymnnbl. B HarmeMm npumepe, mepsasi IPYIa COCTOUT U3 ILJIACTH-
KOBO# COJIOMKH, HATEPTOU aKpUJIOBOI TKAHbIO, aKPUJIOBOU JIMEHKU, HATEPTOM
AKPUJIOBOII TKAaHBIO, JIEKTPUUECKI'O MadATHUKA, 3aPAKEHHOTO IPU KOHTAKTE C
COJIOMKOI, HATEePTON aKpUI0BOI TKAHBLIO UJ/IN JIMHEHKON, HATEePTON aKpua0BOM
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TKaHbio. BTOpasi rpyTiia cOCTOUT U3 CTEKJIa, HATEPTON aKPUJIOBON TKAHBIO, M-
KOBOT'O YyJIKa, HATEPTOrO0 aKPHUJIOBOW TKAHBIO, SJEKTPUIECKOTO MAasITHUKA, 3a-
PSI’KEHHOTO TIPU KOHTAKTe CO CTEKJIOM, HATEPTHIM aKPUIOBON TKAHBIO WJIN ITIeJI-
KOBOT'O 1yJIKa, HATEPTOTO AKPUJIOBON TKAHBIO.

DKcnepuMeHTaIbHbIe HabmomeHus: CyTb HAOIIOMEHNN COCTOUT B CJie-
JIyIOTIeM: O0bEeKTHI U3 IEPBOil IPYIIIBI OTTAJIKUBAIOT JIPYT APYTra; 00HEKTHI BTO-
pOii IPYMITBI TOXKE OTTAJIKUBAIO JIPYT JIPyTa, a JIIoOble JBa 00bEKTA U3 PA3HBIX
IPYIIIT TPUTATUBAIOT JPYT ApPyTra.

Onpenenenusi: OObEKTHI TEPBOIl IPYIIIBI, KAK TOBOPST, OMPUUGTIEALHO 30~
DAACEHDL, OMPUYAMEABHBL WA MBI TOBOPUM, ITO OHU TPUOOPEH 0Mpuyament-
1ol 3apsad. O6GBEKTHI BTOPOH IPYIIIIBI, KAK TOBOPST, NOAOAHCUMEABHO 3APANCEH DL,
NONOAHCUMENDHDL TITH MBI TOBOPHUM, ITO OHU IIPUOOPEITH NOAOHCUMENDHBIT 3aDAO.
Ha cuesyronmux pucyHkax Mbl 0003HAYaeM 3TO COIVIAIIIEHNE, COOTBETCTBEHHO,
suakamu "—"u "4 ",

Cy1ecTByeT OTTaIKUBAHNE MEXK/TY TEJIAMH, IMEIOIIMMU 3aPs/Ibl OTHOTO 3HAa-
ka Ha Puc. 5.2 (a) u (b), 5.4 (b) u 5.5 (a). CymiecTByeT HpUTSAKEHIE MEXKY
TeJIaMHE, 3apSPKEHHBIME pasHOMMeHHLIMH 3apsitamu Ha Puc. 5.3 (a) u (b), 5.4

(a) u 5.5 (b).
DkcnepumeHt 5.4

IIpuTszkenus, OMMCAHHbBIE B 9KCIIEPUMEHTE 5.1, OTJIMIAIOTCS OT MPUTSKEHUI
MEXKJy 3apsyKeHHBIM MASATHUKOM U HEATPAIBHBIM TeIOM. UT00BI yOeIuThCa B
9TOM, MBI OBTOPSIEM HAYaJI0 SKCIEPUMEHTA, 3aPSAIUB MAATHUK | OTPUIATE -
HO IIOCPEJICTBOM KOHTAKTA C OTPUIATEIbHOM [IIACTUKOBON COJIOMKOM (HaTepTOit
AKPUJIOBOI TKAHDIO), U 3aPAIUB MAITHUK [ ] MOJOKATENHLHO COPUKOCHOBEHUEM
C IOJIOKUTEJIbHBIM MIEJKOBBIM 9yJIKOM (HATEPTHIM aKPUJIOBOH TKaubIo). Korma
MBI MEJIJICHHO TIOJHOCUM HATEPTYIO COJIOMKY K MaATHHKY I[, He MO3BOJIAA UM
CONIPUKOCHYThCSA, MBI HabJIIOaeM MPHUTSKEHUE ropa3o 0OJIbIIee, 9eM MPUT-
JKeHUe MeyK/ly 3THM MasTHUKOM U HefTpasbHOI COJIOMKOI.

VHTeHCHBHOCTL CHJIBI MOYKHO OIEHUTBL C IMOMOIIBIO TPEX CJEIyIONUX BeJIH-
qun: (a) MuHUMAaJbHOE paccrosume, (b) yroa HaksoHa 1upu (HGUKCHPOBAHHOM
PACCTOSTHUEM MEXKJIy COJIOMKOH M BEPTHKAJBIO, TMPOXOSINEH 9epe3 TOUKY IO
Beca HATH MAsTHUKA, W (B) yroJ HAKJIOHa Npu (BDUKCHPOBAHHOM DACCTOSHUN
MG)K)ly COJIOMKOI 1 JIMCKOM MasdTHUKA.

(a) IlepBasi BeJMUYMHA COOTBETCTBYET MHHHMAJIBHOMY DACCTOSHUIO, HA KO-
TOPOM IPHUTS?KEHNE HAYMHACT OOHAPYKUBATH CBOE IIPUCYTCTBUE, YTO BUJIHO II0
peaKIum MASTHUKA K IPUOIUKEHNAI0 COJIOMKH. DTO MHHUMAJIHHOE PACCTOSTHUE
GOJIbIIE B CIydae IPUTAKEHNS MEK Iy IIPOTHBOIOJIOKHO 3aPSKCHHBIMI TEJIAMH,
YeM MUHUMAJIBHOE PACCTOSHUE [T MIPUTIKEHISA MEXKY 3apIyKeHHBIM TEJIOM U
HeliTpasbHbIM TesioM. (b) Bropast BeJmdnHa 9TO yros HaKJIOHA MasTHUKA OTHO-
CHUTEJILHO BEPTUKAJN I (PUKCHPOBAHHOTO PACCTOSTHAS MEYKJLy TEJIOM U BEPTH-
KaJIbl0, TIPOXOJAINEHl Iepe3 TOUKy IOABECa MasATHUKa. FIne pa3 OTMEeTHM, 9TOo
3TOT yroJI GOJIbINE B CIydae IPUTSKEHIA MEXKLY IIPOTUBOIIOIOKHO 3aPSKEHHDI-
MU TeJIAME, 9€M YTOJI B CIydae MPUTHAKEHUS MEXK/Ly 3apAKEeHHBIM U HeHTpaJIb-
HbIM Tesamu. (¢) TpeTbsi BeMUUHA 9TO YroJl HAKJIOHA MAsTHUKA OTHOCHTEb-
HO BEpPTUKAJHU, IPH (PUKCHPOBAHHOM PACCTOSTHUM MEXKJLy JHUCKOM M COJIOMKOIA.
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DTOT yroJi BOJIbINE B CIydae MPUTIKEHUsT MKy ITPOTHUBOIOJIOXKHO 3apsi?KeH-
HBIMU T€JIAMU, YeM YTOJI B C/Iy4ae NMPUTSKEHUS MEXK/Iy 3aps2KEHHBIM TEJIOM U
HeliTpaiabHbIM TesioM (Puc. 5.6). 9Ty Tpu BeJWYHHBI SIBHO CBUJETEJLCTBYIOT,
YTO CUJIa IPUTSKEHUS IOPa3/i0 CUJIbHEE MEXK/Ly ITPOTUBOIIOJIOXKHO 3aps2KEHHbI-
MU TeJIaMHM, YeM CUJIa IPUTAKEHNS MeK/1y 3apAKeHHBIM TeJIOM U HeHTPaJIbHBIM
TesoM. Takum 06pa3oM, MBI IPUXOAUM K BBIBOJLY, YTO MHTEHCHUBHOCTH 3aBUCHUT
OT TOrO, ABJIETCHA 0OBEKT, KOTOPBIl ITOHOCUTCS K MadTHUKY, HEUTPAJILHBIM MU
3aps2KeHHBIM.

II 1T

(a) (b)

Puc. 5.6: Ilpurskenne MeKJly HOJOKHUTEIBHBIM MASTHUKOM U HEHATpAJIbHON
COJIOMKO#i, (a), MEHBINE NPUTAKEHUsI MEXKJIy MOJOKUTEIbHBIM MAATHUKOM U
OTpULATEIHHOM cOJIOMKOI, (b).

Touno Tak ke, KOrJa Mbl MEJJIEHHO IIOJHOCHM HATEPTBHIH UYJIOK K OTPH-
[aTeJIbHO 3aPsKEHHOMY MAasTHUKY [, He [OIyCcKas KOHTaKTa, Mbl HAOJ/IIOIaeM
OoJibIllee NPUTSKEHIE MEXKIY HUMH, YeM IPUTHAKEHHE MEXIY HeHTPaJbHBIM
YYJIKOM U OTPULATEIBHO 3apsKeHHbIM MagTaukoM I (Puc. 5.7).

I I
(a) (b)
Puc. 5.7: IlpurszkeHne MeXK/ Iy HEHTPAIBHBIM YYJIKOM U OTPHIATEIbHBIM MasiT-
HHKOM, (), MEHBIIE IIPUTSAKEHNST MEXKJLy OTPHIATEIbHBIM MAATHAKOM U HOJIO-
JKUTEIbHBIM IyJkoM, (b).

OKcriepuMeHT 5.5

MoxkHO Tak»ke HAOJIONATH €Ie OTHO PA3IUINE MEXKJTy HEeHTPAJTbHBIMHU U
3apsi>KeHHbIMHU TejlaMu. [Ipegnonoxkum, MagTHUK [ 3apsi>KeH OTPHUIATEIbHO, a
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MasgTHUK [] 3apsizKeH [MOJIOKUTEbHO, KaK B dkcrepumente 5.1. Korna orpura-
TEJIbHO 3apsi?KEHHOE TeJIO0 MEJJIEHHO IIOJIHOCUTCS K MasTHUKY I, Habmiomaercs
OTTAJIKUBAHIE, B TO BPEMsI KaK Mbl HAOJIIO/IA€M IIPUTKEHUE, KOIJIA 9TO TEJIO
MeJJIeHHO npubimzkaercss K MagTHuky I1, Puc. 5.8 (a). Koryma mosoxuresabHO
3apsKEHHOE TEJIO MEJJIEHHO TPUOJIMKAETCS K 9TUM MAsITHUKAM, ITPOUCXOIUAT
obparnoe. C Apyroit CTOPOHBI, KOTJa MBI TIOJJHOCUM HEHTPAIbLHOE TEJI0 OJIN3KO
K MaaTHUKY [ wim masTHuky I, BosHukaer npursnkenume. Cm. Puc. 5.8 (b).
Wuorja 910 npuTsSZKeHne HACTOJIHKO HE3HAYNTEIbHO, 9TO €ro TPYIAHO ODHADY-

1 11
(@) d o)

I II

(b)

Puc. 5.8: (a) OrpunarensHoe Teao (HaTepTas COJOMKA) CHILHO OTTAJIKHBAET
JIPYTO€ OTPUIATETBHOE TeJIO (OyMaYKHBIH JUCK MasITHUKA [ ), ¥ CHJIBHO IPUTSITU-
BaeT MOJIOXKUTeIbHOe Teso (Gymazkublii jauck MasitHuka I7). (b) HelrpasnbsHoe
Tesio (HeHaTepTasi COJIOMKA) NPHUTSIMBAET HOJIOXKUTEIbHBIE U OTPHIATEIbHbIE
resta (Oymazkubie nucku Magaraukos I u I7). KpoMe TOro, MHT€HCUBHOCTD 9TUX
cui B ciayyae (a) Bbie, ueM B ciaydae (b).

OKcriepuMeHT 5.6

Teneps MBI IPOBEIEM HEKOTOPBIE SKCIIEPUMEHTHI, aHAJIOTTYHbIE SKCIEPIMEH-
1y 4.4. VIX jierue mpoBoauTh, paboTas BiaBoeM. HaMm moTpedbyrorcst aBe mIacTuKo-
Bble COJIOMKH, JiBa KyCKa aKpUJIoBOil TKauu (cM. skcriepumedT 5.1) u jgBa Kycka
xstonka. KaxKIplit KyCOK XJIOIKa OJKeH 3aHuMaTh OKoJo 10 cekyHI, ITOOBI
YIACTb B BO3/IyX€ C BBICOTHI JBYX METPOB. ¥Y/IOOHO TAKKE HMCIIOJIH30BATH OIY-
BaHYMK BMECTO KyCOUYKOB xJjonka. Ciefayer TIaTebHO TOTEPETD JIBE COJIOMKHI
aKPHJIOBOIl TKaHbIO, YTOOBI 3aPSAUTh UX OTPHUIATENBHO. KazKIbIit IEPKUT OJTHY
COJIOMKY TOPH30HTAJIBHO 32 OJIWH U3 ee KOHIOB. Ipyroit pykoi#l KaxKablit 3amyc-
KaeT KyCOK XJIOMKA B BO3/LyX HEMHOTO BBIIE CBOEH COJTOMKU. XJIOMOK IMPUTSTH-
BAaeTCs COJIOMKOW M IpminiaeT K Heil. Toraa BOJOKHA XJIONKA BBITATHBAIOTCS
HapYKy, OTTAJIKUBASCH OT COJIOMKH. IHOT1a XJIOIOK OTCKAKUBAET BBEPX U Ha-
YHHAEeT MaJaTh B Bo3yxe. Eciu aToro He mpoun3oiiieT cpasy, cjie/lyeT akKypaTHO
CJLyTH XJIOIOK, 9TOOBI OCBODO/IUTH €0 OT COJIOMKH. 3aTeM MBI MOXKEM JIEPXKATh
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€ro Ha IUIaBY B BO3JyXe, [IOCTOSHHO II€peMelasi HATEPTYIO COJIOMKY TaK, 9TO-
ObI OHa BCe BPEMsl OCTaBAJIACh UyTh HUXKE XJIOIKA. B 9T0il cuTyamuu XJIOMOK U
COJIOMKA, OTPHUIIATE/ILHO 3aPSAKEHBI.

Teneps MOXKHO TepeliTu K HOBOMY dKcrepuMenTy. O6a Mo iepKuBaT CBOU
KYCOYKHU XJIOIKA B MApAIIEM B BO3AYyXe COCTOSHUN HAJ UX HATEPTHIMU COJIOM-
kamu. Terepb KaKIbIil JOJIXKEH IIOIBECTH CBOM KYCOK XJIOIKa OJIM3KO K KYCKY
XJIOIIKA JIPYTOro, IbITasiCh IPUBECTH HUX B KOHTAKT B Bo3ayxe. OmgHAKO, Kak
CHUJIBHO MBI HE CTAPaJINCh, HEBO3MOXKHO IIPUBECTU MX B conpukocHosenue. OHu
HUKOTJIa He TPUOJIN3SITCS JOCTATOYHO OJIU3KO, YTOOBI BCTYIUTHh B KOHTAKT. DTOT
dakT MOXKHO JIeTKO 00bscHUTH ¢ nomombio npunnuna [TKO dode. Kaxbrit
MapAmuil KyCOK XJIOIKA OTTAJKUBAETCA OT COJIOMKH II0J, HUM, TaK KakK OHU 00a
UMEIOT 3apsijibl OJJHOTO 3HaKa (OTPUIATEIbHBIA B gaHHOM ciaydae). [TockombKy
06a KycKa XJIOIIKa OTPUIATE/IbHO 3aps?KeHbI, OHA OTTAJIKUBAIOT JIPYT JApyra. B
pe3yJibraTe, KaK Obl CHJIBHO MbI HE CTapaJiiChb, MBI HE MOXKEM IPUBECTH UX B
koHTakT (Puc. 5.9).

— —
0K

Puc. 5.9: HeBo3mOkHO 0OO0BEIUHUTH JIBA OTPUIATEIHLHO 3aPSIKEHHBIX KYCKa
XJIOIKA.

OKcriepuMeHT 5.7

B sTOM 3KCcIepuMeHTe MBI CHOBa HUCIIOJb3YEM JBE€ IIJIACTHKOBBIE COJIOMKH,
KOTOpBIE OBLIN OTPUIIATEILHO 3apsizKEHbl TPEHUEM C aKPUJIOBOW TKAHBIO, KAK B
skcnepuMmenTe 5.6. Ho Temeph MBI MCHOB3yeM TOJIBKO OJIMH KyCOK BaThl. Mbl
HAYMHAEM C TAPEHUs] B BO3/yX€e KyCKa BATHI BBIIIE COJIOMKU, KOTOPYIO HATEPJIN
aKpUJIOBOIl TKAHbIO Yepe3 MexauusM [TK O, kak B sxciepumente 4.4. Ha ciesyro-
I[eM dTale Mbl IPUOJIIKAEM BTOPYIO OTPUIATEIBHYIO COJIOMKY I'OPU30HTAIBHO
K IJIABAIOIIEMY B BO3J/yXe KYCKY XJIONKa. Mbl HaOJIIOqaeM, 9YTO BaTa YIAJISI€TCs
OT 3TOI BTOPOI COJIOMKH, TIOCKOJIbKY OHa ToXe orrajkusaer ee (Puc. 5.10).

OKcriepuMeHT 5.8

Mpb! MOBTOpPsIEM SKCIHEPUMEHT 5.7, MOIJIEPKUBAsI BHAYAJE OTPUNATETHLHBIH
KyCOYeK BaTbl B IapsIleM COCTOSHUU Ha/l OTPUIATEIbHO 3apAKEHHON IIIacTu-
KOBOIT cojtomkoii. Ha aToT pa3 Mbl mogHOCHM COOKY TOJIOKHUTETHHO 3aPSiyKEeH-
HbBIIl CTEKJIAHHBIA CTAKHYUK (TO €CTh HPEJABAPUTEJILHO HAIDETHI M HATePTHIi
AKPUJIOBOIl TKaHbIO) 6JIM3KO K KYCOUKY Barbl. B 9TOM cilydae KyCOK XJIONKA
[PUTATABAETCST HATEPTHIM CTEKJIOM, JBUTasCh K Hemy (Puc. 5.11). JIyume Beero
JieJiaTh BCE 9TO OY€Hb MeJJIeHHO, n30erast KOHTAKTa MEXKJIy XJIOIIKOM U CTEKJIOM,
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Puc. 5.10: DyiekTpudeckue CHIIbI, JEHCTBYIONNE Ha OTPUIIATEHLHO 3aPssKeHHbBII
KYCOK BaTBHI.

4TOOBI HE JIONYCTUTH lIepejiady 3apsja (II0JIOKUTEJILHOIO Ha ITOT pa3) KyCKy

BaThl 110 Mexanuzmy ITKO.
» — |

Puc. 5.11: OTpHLLaTeJIbHO 3&p51}K€HHbII7I KYCOK BaTbl IIPDUTATUBACTCI ITOJIOZKU-
TEJIbHO 3apA?KEeHHBIM CTEKJIOM.

OkcriepuMmeHT 5.9

Temepb MBI UCTIOB3YEM KYyCOUEK BATHI, JIBA KyCKa aKPUJIOBON TKaHU, ILIa-
CTUKOBYIO COJIOMKY U CTEKJISHHBII CTAKAHINK. DTOT IKCIEPUMEHT CJIEyeT IPO-
BoiuTh BiBoeM. C obOpeTeHneM JOCTATOYHOTO OIBITA, M0 MOXKHO ITPOBOJUTH U
B OJJMHOYKY. COJIOMKY U CTEKJIAHHYIO YalllKy cJjlejlyeT HaTepeTh aKpUJIOBOil TKa-
HbIO. VI3BECTHO, UTO B 3TOM CJIydae COJIOMKA IOJYIUT OTPUIATEIbHBIN, a CTEeK-
JIO — TIOJIOXKUTEJIbHBIN 3apsii. dTOOBI OJyYNTh CUJILHBIN 3apsiji HA CTEKJIe, ero
cJieIyeT IIpeBapUTEbHO MO0 PETh, KaK yIIOMUHAJIOCH PaHee.

OTHU HAYAbHBIE IPUTOTOBJIEHUS UAECHTUIHBI TIOJIOTOBKE K ITPOBEIEHUIO IKC-
nepumenTa 4.4. To ecTb MBI TPeM CTEKJIO aKPUJIOBOI TKAHBIO, U JEPXKUM CTEK-
JIO 3a HeHATePTHI ydacTok. Has crekyioM 3alycKaeTcs KyCOK XJIOIMKa. XJIO-
IIOK NIPUTATUBAETCA HATEPTHIM YIaCTKOM CTeKJa, KacaeTcd ero, 3aTeM BOJOKHA
XJIONIK& BBITATUBAIOTCS HAapy:Ky. VHOTIa XJIOMOK OTCKAKWUBAET OT CTEKJa de-
Pe3 HECKOBbKO ceKyH . Ecm 3Toro He mpomsoiijeT, cieayer NOAyTh CJIerKa Ha
XJIOTIOK, 9TOOBI OCBOOOJIATH €r0 OT CTEKJa. llepeMecTuB CTEKJI0 HUKE XJIOT-
Ka, MBI MOYKEM JI€EPXKATh XJIOIIOK HaJ[ CTEKJIOM B mapsineM corosamu. VHorma
9TO HMPOUCXOAUT HE CPa3y, TAK UTO BaTe MOXKET IOTPeDOBATHCH HECKOJIBKO Pa3
MPUTSHYTHCA K CTEKJTY, MIPEXKJe IeM OHa IMPUOOPETET JTOCTATOIHOE KOJIMIECTBO
3apsifia JJIsi MOJJIEPYKAHUsI ee B MapsIleM COCTOsiHuU. dem GoJibllie 3apsiia Ha
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CTEeKJIE, T€M DAHbIIe OHO OyJeT B COCTOSHUE IIOJJIEPXKUBATL ITAPEHHE XJIOIKA
B Bo3ayxe. Jlasee Mbl Oy/ieM IIpe/iosaraThb, 9TO 9Ta MOANOTOBUTENIbHAS YaCTh
9KCIIEPUMEHTa, y2Ke Ipojesiana. B JaHHOM cirydae, CTEKIIO U IapsIyil Hajl HUM
KYCOK BaThI 3apsizKeHbl nosioxkuTeabHo (Puc. 5.12 (a)).

IToka XJIOMOK HApUT HaJl HATEPTHIM CTEKJIOM, MBI M€JIJIEHHO II0JJHOCHM OTDH-
I[ATeIHHO 3aPSKEHHYIO [TACTHKOBYIO COJIOMKY K XJIOIKY, IPUOJINKALCH K HEMY
cBepxy. B arom ciryuae HabIIo[aeTCsI IPUTSIZKEHIE XJIONKA COJIOMKOIl, B OTIINYIIE
OT TOTO, UTO HPOUCXOJWIIO B KcIepuMente 5.7. B maease xJomnok He JoJKeH
KacaThCsl IIACTUKOBYIO COJIOMKY. TO ecTh BCAKHIT pa3 KOIJia XJIOMOK JBUKETCS
K COJIOMKE, COJIOMKY CJIEJIyeT OTO/IBUraTh oT Hero. ITocse HeGOIBINOI IPAK THK,
MBI MOXKEM JIETKO IIOJJIEPKUBATH XJIOIIOK B IIAPAIIEM MEXK/Y CTEKJIOM CHHU3Y U
cosIoMKoit cBepxy cocroguunu (Puc. 5.12 (b)).

B manmom ciydae MOXKHO Jarke yIaInTh CTEKJIO, U XJIOHOK OyeT OCTaBaThC s
Ha IIJIABY TOJIBKO 3a CYET NMPHUTSKEHUS 3aps’KEHHON COMOMKH Haj HuM! 31ech
MBI UMEEM CHUTYaInio, 00paTHyio sKkcnepumenty 4.4. B skcriepumente 4.4 oTpu-
IIATEJIBHBIN XJIOIOK MOJIIEP’KUBAJICS Ha IIJIABY 33 CUET OTTAJIKHBAHUS COJIOMKI
nox HuM. Terepb ke MOJI0KUTENBHBIH XJIONOK HAPUT 38 CUET HPUTSIXKEHUs CO-
somku Hast HuM (Puc. 5.12 (c¢)). Y1o6s! gepKaTh XJIOHOK B HAPSIIAM II0J] COJIOM-
KO COCTOSTHUH, HEOOXOAMMO IIOCTOSTHHO I€PEMEIATh COJIOMKY; OHa He MOXKET
0CTaBaThCs B [IOKOE OTHOCUTEJILHO 3eMJIM, TaK KaK 9TO PABHOBECHE HEYCTONIN-
Bo. Kora cosmoMka HaxXoauTCs OvUeHb OJIU3KO K XJIOMKY, XJIOMOK OBICTPO TPUTS-
IMBAETCs U NPUINIAET K Hell, U 9KCIIepIMeHT Ha 9ToM 3asepnaercs. C nipyroit
CTOPOHBI, €CJIM COJIOMKA DACIIOJIOXKEHA Ha OOJIBIIIOM PACCTOSHHUN HAJI XJIOIKOM,
XJIOIOK HAaYMHAET IaJaTh Ha 3eMJo. KpoMe Toro, Kycok XJIOHMKA CTPEMHTCS
YKJIOHUTBCS B TY WM WHYIO CTOPOHY BEPTHKAJBHON IIJIOCKOCTH, ITPOXOZAIINEH
depe3 COJIOMKY. B pesynbrare, HEOOXOANMO JEPKATH COJIOMKY B HOCTOSHHOM
JIBUPKEHUH C TeM, 9TOOBI KYCOK XJIOIIKa MOI CJIeJI0BaTh 3a ee JBHXKEHHEM, He
[IPUKACAsICh OJTHAKO K Heil.

S —|
alu

(a) (b) (c)

Puc. 5.12: (a) IosoxKurenbHbIA KyCOK XJIOIKA MOXKHO IIOJJIEPXKUBATH B I1aps-
[IeM HaJl, HOJIOZKUTEIbHBIM CTeKJIOM cocToguun. (b) OH TakyKe MOXKET IJIaBaTh
MEeXKJy IOJIO?KUTEJbHBIM CTEKJIOM CHU3Y U OTPUIATEBHON COJIOMKOI CBEPXY.
(¢) MBI MOXKEM YIAINTB CTEKJIO U TIAPUTH KYCOUEK XJIONKA 10| OTPUIIATETbHOM
COJIOMKOH.
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Korma xmomok kacaercss BepxHe#l COJIOMKH, OH mnpuimmaeT K Heil. Vnorma
OH TIQ/IA€T Yepe3 HECKOJbKO CeKyH. MBbI MOKEM JIepKAThb €ro MapsIuM HaJT
COJIOMKOIi, TaK KaK OH BHOBb OOpeTaer 3apsij] C TeM Ke 3HAKOM, YTO U 3apsij] Ha
coJIOMKe. B HEKOTOPBIX CJIydasiX OH CMOYKET OCBOOOIUTHCS OT COJIOMKH, TOJIBKO
KOTJIa MbI cIyeM ero. B jioboMm ciydae, KOrjga OH CHOBA HAYMHAET MAPUTH HAJT
COJIOMKOi, MBI MOKEM ITOMEHSATH CUTYAIMIO Ha obparHyo. Korma Mbl mogHoCHM
[TOJIOXKUTEJIbHBIN CTAKAHYNK K OTPUIATEIBHOMY XJIOIKY CBEPXY, XJIOIOK OyIeT
MMAPUTDh MEXKJTy JBYMSI Te€JIAMU: OTPUIATEILHON COJIOMKOI CHU3Y U MOJIOKUTE b=
HBIM CTEKJIOM CBEPXY.

B skcnepumente 5.16 Oymer mokazaHO, KAK MOYXKHO ITPOBECTU ITOT IKCIIEPU-
MEHT JIEFKO C IMOMOIIBIO JBYX HAIJIEKTPU30BAHHBIX IJIACTHKOBBIX COJIOMOK.

dkcnepumenT 5.10

s IpoBejieHNsT 9TOr0 SKCIepUMeHTa TpebyeTcs JBa YeJIOBEKA, IIACTH-
KOBasi COJIOMKA, CTEKJISIHHBI/ CTAKAHYHK, J[Ba KyCKa aKpPHJIOBOI TKAHW W JIBa
HeGOIBINX KycKa xJonKa. OJHUH 9eJIOBEK HATUPAET CTEKJISHHBIN CTaKaHIHK
AKPUJIOBOI TKAHBIO, & 3aTeM IOJJIEP:KUBAET OJINH KYCOK BAThI IAPAIIUM HAJ
HuM. B arom ciyuae oba Tesa 3apsikensl nosoxurenabHo (Puc. 5.13 (a)). dpy-
roif HaTUpaeT COJIOMKY aKPHJIOBOJ TKAHBIO, M 3aT€M HAYMHAET IHOJJIePKUBATH
IPYTo#l KyCOK BaThI B APSIIEM HAJ Heil cocTrogauu. B sToMm cirydae 06a o0beKTa
3apsizkennl orpunarensio (Puc. 5.13 (b)).

S S /
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|
|

(a) (b)

Puc. 5.13: (a) TlonokureapHbIi KyCOK BAThI IIAPUT HAJ, IIOJOKUTEIbHBIM CTEK-
JsioM. (b) OTpuiaTesIbHbIH KYCOK XJIONKA APUT HaJl OTPUNATENLHO 3aPAKEHHBIM
IIJIACTUKOM.

ITocse 3Toro, KazkIablil MBITAETCS HAIIPABUTH CBOI KYCOYEK BATHI K KYCOUKY
BaThl JIpyroro. B 3ToM ciiydyae KyCKH XJIOIKA [IPUTATUBAIOT JIPYT JApyTra, IPUJId-
AT U magaioT Ha 3eMyio (Puc. 5.14). 9To npsMO IPOTUBOIIOIOKHO TOMY, 9TO
MBI BUJIEJIN B SKCIIEpUMeEHTE 5.6.

5.2 liode obHapyKUBaeT JBa BHUOAA dJIEKTpUUe-
CTBa

[TepBBIM, KTO MPEIITOIOXKUI CYIIECTBOBAHUE JIBYX BUJIOB 3JIEKTPUYIECTBA, OBLI
Irode B 1733 roy, Kora OH ITPOBOIII IKCIEPUMEHTHI, TIOJ00HBIE TEM, KOTOPbIe
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(a) (b)

Puc. 5.14: (a) IlonoKuTesbHBI KYCOK BATBI MPUTATUBACTCH OTPUIATEIBHBIM.
(b) ITocie coupUKOCHOBEHUSsI, OHU LAJAIOT BMECTE HA 3EMJIIO.

MBI [IpEeICTABUIM BbImie. JIo TOro BpeMeHu OBLIO M3BECTHO, YTO HAIJIEKTPU3O-
BAHHbBIE TEJIA MIPUTATUBAIOT JIETKUE TeJIa U IPUTATUBAIOTC nMu. /lrode obHAPY-
KW JIPYTYI0 3aKOHOMEPHOCTH, & UMEHHO, OTTAJIKMBAHUE MEXKJLY JIBYMs 3apsi-
JKEHHBIMU TeJlaMU. DTO OBbLIO HOBOE CBOMCTBO 3apsi?’KEHHBIX TeJI, KAK OIUCAHO
B paszeisie 4.1. On Takxke obnapyxun mexauu3Mm IIK(QO, TO eCTb NPUTsIKEHIe-
KOHTAKT-OTTaJKUBaHue. Ero OTKPBITHE ABYX BHUJIOB JIEKTPUIECTBA IPOU3OIILIO
COBepITEHHO ciryvaiino. OHO BO3HUKIIO B PE3yJILTATE JIIOOOMBITHOTO SKCIIEPIMEH-
TaJbHOI'O PE3YJIbTATa, KOTOPBII MTOJIHOCTBIO IIPOTUBOpEYMII ero oxXuganusiM. OH
HaYaJI ¢ BOCIPOU3BEICHNS SKCIIEPUMEHTOB C HAPSIIIUM IepOM, IIPoieaanHbix [e-
puke, I'peit 1 Xoykcou. Cum. sxcmepumenT 4.4. OH HA3IEKTPU30BAJI CTEKJISTHHYTO
TpyOKY TpeHumeM. 3aTeM OH 3aIllyCTHJI MAJIEHbKUE, TOHKHE 30JI0ThIE JINCTOUYKA
HaJ, HaTepToil TpyOkoit. OHU OBLIN NPUTSHYTHI TPYOKOH, NPUINILIIM K HEl, a
3aTeM OTCKOYUJIM OT Hee U, B Pe3yJIbTare, IIPOJIOJIKAIN MAPUTh HAJT Heil. 3/1ech
MBI IIUTHPYEM €r0 CJIOBA, OIMHUCHIBAIOIINE DEIIAIOIINNA MOMEHT 3TOTO BEJIUKOI'O
OTKpBITUs (Kypcus Har):!

1[DF33b, crp. 464—465] u [RR57, crp. 586]: “|...] Il demeure donc pour constant, que
les corps devenus électriques par communication, sont chassés par ceux qui les ont rendus
électriques; mais le sont-ils de méme par les autres corps électriques de tous les genres? & les
corps électriques ne différent-ils entre-eux que par les divers degrés d’eléctricité? Cet examen
m’a conduit & une autre vérité que je n’aurois jamais soupgonnée, & dont je crois que personne
n’a encore eu la moindre idée.

J’ai commencé par sofitenir en l’air avec le méme tube, deux feuilles d’or, & elles se sont
todjours éloignées 'une de lautre, quelques efforts que j’aye faits pour les rapprocher, & cela
devoit arriver de la sorte, puisque elles étoient toutes deux électriques; mais si-tot que 'une
des deux avoit touché la main ou quelque autre corps, elles se joignoient sur le champ 'une a
l’autre, parce que celle-ci ayant perdu son électricité, ’autre I’attiroit & tendoit vers elle: tout
cela s’accordoit parfaitement avec mon hypothése, mais ce qui me déconcerta prodigieusement,
fut expérience suivante.

Ayant élevé en l'air une feuille d’or par le moyen du tube, j’en approchai un morceau
de gomme copal frottée, & rendué électrique, la feuille fut s’y appliquer sur le champ,
& y demeura; j'avoué que je m’attendois & un effet tout contraire, parce que selon mon
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[...] Torma oueBmaHO, UTO TEIA, KOTOPHIE CTAJHU IEKTPHIECKAMH TI0-
CPEJICTBOM Tiepesiaun [To ecTh mocpencrsoM Mexanusma [TKO|, or-
TAJIKUBAIOTCS TEMU TEJIAMU, OT KOTOPBIX OHU MOJIydmin 3apsji. Ho
OTTAJIKHUBAIOTCS JIU OHU TaKKe JPYTUMHU JJIEKTPUZ0OBAHHBIMHU TEJTaMUI
Bcex BuzoB? U oTmm4arorcs iu ApyT OT JApyra HA3JIEeKTPU30BAHHBIE
Tejla B KAKOM-TO OTHOINEHWU, KPOME€ MHTEHCHBHOCTU WX IJIEKTPU-
ganuu?! Ilodpobroe paccmompenue 3mo20 80NPOCA NPUBEAO MEHA K
OMEPLIMUIO, KOMOPOE A HUK020a He cMoe bbt npedyzadamb, U O KO-
TOPOM, o IIOJIATalo, 10 CUX MOP HUKTO HE UMeJ HU MaJIeHIero mpe-
CTaBJICHUS.

51 HaYAJ ¢ 9KCIIEPUMEHTA, TJIe 1 MOJJIEPXKUBAI C TIOMOIIBIO OJTHON U
TOH 2Ke [3JIEKTPU30BAHHON CTEKJISTHHON| TPYOKY JBa 30JI0THIX JIUCTHU-
Ka [HasekrpusoBannbie Mexanuzmom [IKO| B BO3myxe B HapsiineMm
COCTOSIHUH, ¥ OHU BCETJA JIEPXKAJIUCH B CTOPOHE JPYT OT APyTa, He3a-
BHCHMO OT TOT'O, KAK CHJIBHO ¢ CTAPaJICd IPUOIU3UTD UX, U 3TO OBLIO
BIIOJTHE MOHATHO, TAK KaK OHU 00a OBLIN 3JIEKTPHUICCKUME; HO KaK
TOJIBKO OJINH U3 JBYX [JHUCTBEB| Kacascst PYyKH WU JIIOOOTO JPyro-
ro TeJa, JUCTbs TYT K€ IPWINNIAJIHA JAPYT K IAPYTY, B CBA3U C TEM,
YTO JIMCT [KOTOPBIA KOCHYJICSI PYKH|, IOTEPSB CBOE JIEKTPUYECTBO,
NPUTSTUBAJICS JPYTUM [3JIEKTPU30BAHHBIM JIICTUKOM| U JIBUTAJICS K
HeMy. [iurroctpanus sToro skenepuMenTa qaercst Ha Puc. 5.15.] Bee
9TO OBLIIO B COIVIACHH C MOEH THUIIOTE30M, HO MO, YMo MeHA HeobblK-
HOBEHHO 03a40GYUAO, COCTOSIO B CJIEAYIONEM IKCIIEPUMEHTE.

Ilocsie Toro, Kak s MOJIEPKAJ B BO3JLyXE 30JI0TOH JTUCTOUEK C TIOMO-
IIBIO [3JIEKTPU30BAHHOMN CTEKJISIHHON| TPYOKH, 51 IPUOIU3IIL K JIUCTY
KYCOYEK 3JIEKTPU30BAHHOIO TPEHUEM KOIIAJIa [CBexKas MM UCKOIAe-
Mas CMOJTa JiepeBbes|,? JIICT PO cebs cpasy K HeMmy [TO ecTh,
30JI0TOH JIMCTOUEK GBI NPUTSHYT HATEPTHIM KOIAJIOM|, U OCTAJICS
Ha HeM. [VljunocTpanust 9TOro sKCIepuMenTa gaercs Ha Puc. 5.16.]
Ipusnarocs, 4 0otcudans COBEPUEHHO NPOMUBONOAONHCHDIT PPerm,
TaK KakK, B COOTBETCTBUU C MOUMH PACCYKICHUAMU, KOMAT U 30JI0-
TOI JINCTUK, 0062 Oy/IyIu B COCTOSHUU IJIEKTPUIAIINAHN, TOJ2KHBI ObLITH

raisonnement, la copal qui étoit électrique devoit repousser la feuille qui 1’étoit aussi; je répétai
I’expérience un grand nombre de fois, croyant que je ne présentois pas a la feuille I’endroi qui
avoit été frotté, & qu’ainsi elle ne s’y portoit que comme elle auroit fait & mon doigt, ou a tout
autre corps, mais ayant pris sur cela mes mesures, de fagon & ne me laisser aucun doute, je
fus bien convaincu que la copal attiroit la feuille d’or, quoiqu’elle fiit repoussée par le tube: la
méme chose arrivoit en approchant de la feuille d’or un morceau d’ambre, ou de cire d’Espagne
frotté.

Apres plusieurs autres tentatives qui ne me satisfaisoient aucunement, j’approchai de la
feuille d’or chassée par le tube, une boule de cristal de roche frottée & rendué électrique, elle
repoussa cette feuille de méme que le tube. Un autre tube que je fis présenter & la méme feuille
la chassa de méme, enfin je ne pus pas douter que le verre & le cristal de roche, ne fassent
précisement le contraire de la gomme copal, de I'ambre & de la cire d’Espagne, ensorte que la
feuille repoussée par les uns, & cause de 1’électricité qu’elle avoit contractée, étoit attirée par
les autres; cela me fit penser qu’il y avoit peut-étre deux genres d’électricité différents, & je
fus bien confirmé dans cette idée par les expériences suivantes.”

2Cwm. Tpunoskerne A.
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OTTaJKUBaThCs APYT OT Apyra. [To ects Trode oxuman yBuiers ot-
TaJJKUBaHUE ME2K/1y JABYMs 3apAK€HHbIMU TeJlaMMU, KaK OH BCer/la
Habmonas.| ¢ MoBTOPUII 9KCIEPUMEHT MHOIO pas, mojaras, 9To s
HE [PEJICTABII HATEPTBINA yIaCTOK CTEPXKHS [KolaJa] JIMCTOuKy, KO-
TOPBIil, COOTBETCTBEHHO, IIPUTAHYJICS K KOIAJIy, KAK 9TO OBLIO OBI €
MOWM TIAJIBIIEM WJIH C JIFOOBIM [HE3JIEKTPU30BAHHBIM TEJIOM|; HO, yOe-
JIUBIIUCH [TOJIHOCTHIO HA ITOT CYET, s ObLI HOJHOCTHIO YOEXK/IEH, ITO
KOIIAJI TIPUTSIHET JIUCT, KOTOPBIA OTTAJIKMBAJICS [JIEKTPU30BAHHOI]|
TpyOKoit. To ke camoe TPOUCXOIMIO MPU TIOJHECEHUN K 30JI0TOMY
JIICTUKY KyCKa [HATEPTOro| sHTaps Uik KyCKa HATEPTOIO UCIIAHCKO-
IO BOCKA.

[Tocsie HECKOIBKUX IONBITOK, KOTOPHIE BOBCE HE YIOBJIETBOPUIIA Me-
He, 51 TPUOJU3UI K 30JI0TOMY JIUCTOUKY, KOTOPBIH OTTAJKUBAJICI OT
TPYOKH, 3JIEKTPU30BAHHBII TPEHUEM Msid U3 TOPHOI'O XPYyCTaJsisl, U
OH [Ms14] OTTAIKUBAJ ITOT JUCTOYEK TOUHO TAK K€, KAK U TPyOKa.
Hpyrasg [ssekTpu3oBanHas CTEKJsiHHAsI| TPyOa UPU IIOJHECEHUU K
JIMCTOYKY TaKzKe OTPa3WjIa €ro, HaKOHeIl, I g He MOI' yrKe COMHe-
BaTbCsl, 9TO CTEKJIO U TOPHBII XPYCTAJb, BeJIX Ce0sl IPsIMO IIPOTUBO-
IOJIOZKHO KOIIaJLy, AHTAPIO U UCIHAHCKOMY BOCKY, B TOM CMBICJIE, YTO
JIACTOYEK OTTAJIKUBAJICA IIEPBOH [HaTepToﬁ rpyHHOI‘/’I], BCJIEICTBUE
IpUOOGPETEHHOrO MM 3JIEKTPUYECTBA, W HPUTATUBAJICA BTOPOil [Ha-
TEPTOii IPYLIION]; 9M0 HABEAO MEHA HA MBICAD, HMO CYULELCTNEYEMm
066G, Pa3HBLT 6UAA INEKMPUMECMEA, U ST XOPOIITO yOETUIICS B CIIPABE]I-
JINBOCTH 3TON UJEU C IIOMOIIBIO CJICAYIOIUX IKCICPUMEHTOB.

l/g “\ j

]
|

(a) ¢)

Puc. 5.15: (a) JIBe Ha?/IeKTPU30BAHHBIE 30JI0THIE JIUCTUKK OTTATKUBAIOTCS JIPYT
OT JIpyra U OT HA3JIEKTPU30BAHHBIX CTeKJAHHbIX TPy6oK. (b) Pyka conpukaca-
eTcss ¢ OHUM U3 mapsimux Juctbes. (¢) Ilocme KOHTakTa ¢ PYKOi, JUCTOUKI
MPpUOJINKAIOTCS JIPYT K JIPYTY.

XeiObpoH a1 APYTOoit AaHTIMIHCKUI TIepeBOJT PEIIaioniero naparpada n3 ymo-
MAHYTO# BbIte craThu Jliode, Toro camoro maparpada ¢ ynorpedjaeHneM CioBa
npusnamocs:’

[Ipusnarbest, s OKUJAJT COBEPIIEHHO APYToil 3ddeKT, moToMy UTO
B COOTBETCTBUHU C MOMMH PACCYKJICHUSIMEU, KOIAJ, OY/LyIH JIeKTPU-
YeCKHUM, J0JI2KEeH 6])1.]'[ OTTaJIKUBATh JINCTOYEK, KOTOprfI TOZKE 6])1.]'[
3JIEKTPUYIECKUM. ] IIOBTOPUJI SKCIIEPUMEHT MHOIO pa3, ImoJjiarasi, ITo

3[Hei99, crp. 257].
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Puc. 5.16: (a) HasnekTpuzoBaHHbIi 30JI0TOH JIMCTOUEK HAPUT HAJ HATEPTHIM
creksiom. (b) Hareprpiii Kycok Komajia TsHETCs K HapsiieMy JUCTOUYKY. Jlu-
CTOYEK MPUTATUBACTCA HATEPTHIM KOIIAJOM, CTPEJIKA [TOKA3BIBAET HAIIPABJIEHUE
9TOI HOBOH CWIIBI, meficTBytomel Ha Hero. (¢) JInCTOYeK TIHeTCsT K HATEPTOMY
KomaJy!

4 HE HAIIpaBWJI HATEPTBII y4aCTOK CTEPXKHSA K JIMCTOYKY, KOTOPBIA,
COOTBETCTBEHHO, TTPUTATUBAJICI K KOTAJY, KaK OH MIPUTIHYJICST ObI K
JIIO60MY [HeaneKTpI/BOBaHHOMy] TeJLy; HO BIIOJIHE YJIOBJIETBODUB Ce-
Os1 Ha 3TOT CYET, 51 OBLII TOJHOCTHIO YOEXKIEH, UTO KOIAaJl IIPUBJIEYeT
JINCTOYEK, KOTOPBIN OTTAJKUBAJICS TPYOKOIi.

Tak Kax OOJIBITUHCTBO BEMIECTB MEPBOIl I'PYIIIBI, ¢ KOTOPHIMU OH IKCIIEPU-
MEHTHUPOBAJI, ObLIN TBEPIBIMU U ITPO3PAYHBIME, KAK CTEKJIO, OH HA3BAJI IEePBBIi
BUJI, 9JIEKTPUYECTBA CMEKAOBUIHBLM IACKMPUUECTMEOM. A BBUILY TOTO, 9TO GOJIH-
MIAHCTBO BEIIECTB BTOPOil IPYIIIBI, C KOTOPBIME OH pPaboTaj, ObLin OUTYMHBI-
MU WA CMOJIHUCTBIMH, OH Ha3BaJl 9TOT BTOPOIl BUJ| 3JIEKTPUIECTBA CMOAUCTIVDLM

aﬂe%mpu%cmeowu‘l

Wrak, MBI nMeeM J1Ba TUIIA JIEKTPUIECTBA COBEPIIEHHO PA3HON IIPU-
PO/Ibl, & UMEHHO, 3JIEKTPUYECTBO ITPO3PAYHBIX M TBEPIBIX TeJI, KaK
CTEKJIO, XPyCTajb U T.JI., U JIEKTPUIECTBO OUTYMHBIX U CMOJIUCTBIX
TeJ, KaK SHTapb, CMOJIA KOomnaJa, ucrnanckuii Bock u T.;1. Oba Bu-
J1a OTTAJKUBAIOT TeJa, KOTOPbIE IIPUOOPENH SJIEKTPUIECTBO TOH 2Ke
[IPpUPOJIBI, YTO U OHM, M, HAOOOPOT, IPUTATUBAIOT Teja, MMEIOINe
JIEKTPUYECTBO ITPOTUBOIIOJIOXKHOTO BHU/IA.

[.]

4|DF33b, crp. 467 u 469]: “Voils donc constamment deux électricités d’une nature toute
différente, scavoir, celle des corps transparents & solides, comme le verre, le cristal, etc. &
celle des corps bitumineux ou résineux, comme ’ambre, la gomme copal, la cire d’Espagne,
etc. Les uns & les autres repoussent les corps qui ont contracté une électricité de méme nature
que la leur, & ils attirent, au contraire, ceux dont ’électricité est d’une nature différente de
la leur. |[...|

Voila donc deux électricités bien démontrées, & je ne puis me dispenser de leur donner des
noms différens pour éviter la confusion des termes, ou I’embarras de définir & chaque instant
celle dont je voudrai parler; j’appellerai donc 'une 1’électricité vitrée, & 'autre 1’ électricité
résineuse, non que je pense qu’il n’y a que les corps de la nature du verre qui soient doués de
I'une, & les matiéres résineuses de l'autre, car j’ai déja de fortes preuves du contraire, mais
c’est parce que le verre & la copal sont les deux matiéres qui m’ont donné lien de découvrir
ces deux différentes électricités.”
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Takum o6pazom, 371eCh MbI SIBHO MMEEM [IBA BUJIA JIEKTPUIECTBA,
n g He MOT'Yy He JJaTbhb UM pa3Hble UMEHa, I‘ITO6I)I I/136€}KaTI) ImyTaHU-
Iy B TEPMUHOJIOTMH M YCJIOXKHEHUI, CBSI3aHHBIX C HEOOXOIMMOCTHIO
YTOYHATH KaxK/Iblil pa3, KAaKoe IMEHHO 3JIEKTPUYECTBO s UMEIO B BU-
Iy B TOU min mHOM curyanuu. [lo sTo#t npuunne, s1 Oyay HA3BIBATH
OJINH U3 ITUX BUJIOB CMEKAOBUIHBIM IACKMPULECTNEOM, & TPYTOH —
CMOAUCTIBIM INEKMPUUECTNEOM, S HE JyMalo, YTO KazKJioe TeJso, Ha-
JIJIEHHOE OJIHUM [BUJIOM 3JIEKTPUYECTBA|, 0OS3aTEIbHO UMeeT CTeK-
JIOBUJTHYIO [PUPOJLY, a TeJO, HAJeJeHHOe IPYTUM [BHJIOM JIEKTPHU-
4ecTBa|, 00A3aTeIbHO UMEET CMOJIUCTYIO IIPUPOLLY, U0O y MEHs eCThb
ybeuTenbHbIe JI0KA3aTeIbCTBA [IPOTUBHON [TOYKU 3peHus|, HO |4
BBIOMPAIO 9T HA3BaHUsI|, TIOTOMY YUTO CTEKJIO W KOIIAJ ObLIN Te /Ba
BEIECTBA, KOTOPBIE JTAJIM MHE KJIIOY K OTKPBITHIO JIBYX Pa3JIUYHBIX
BUJIOB 3JIEKTPUYECTBA.

Iiode HE yIOMUHAET, KAKUM MMEHHO MATEPUAJIOM OH HATHPAJ CTEKJISTHHYTO
TpyOKy u apyrue BemiectBa. OH, BEPOSITHO, MCIIOJIH30BAJL JJIs ITOM 1IN TKAHb
U3 MIEPCTH, IIeJIKA WU XJIOIKA.

B uayTh Gosee mozmgHeit paboTe OH OmmCcas 3TO CAydaiHOe OTKPBLITHE B CJie-
JIYIOHIIX CJIOBAX:’

IITaxc momor MHe OGHAPYKUTh JAPYTOii IPUHIAIL, GoJlee YHUBEPCATb-
HBIil U 3aMeYaTesIbHbIN, YeM npemectsyomuii [Mmexanusm ITKO, cM.
paszest 4.8, KOTOpBIil IPOAMBAET HOBBIN CBET HA TEMy SJIEKTPHYe-
crBa. CoryiacHo 9TOMy IPUHIHILY, CYIIIECTBYIOT JIBA BUJIA JIEKTPUIE-
CTBa, CUJIBHO OTJIMYAIOIIMECS JIPYT OT JIPYTa; OJMH U3 KOTOPBIX sI Ha-
3BIBAIO CNEKAOBUOHBIM INEKMPUUECTNEOM, & JIPYTOR — CMOAUCTIOLM
anexmpusecmeom. IepBeiil [BUJL 91€KTPHYIECTBA| 9TO TOT, KOTOPHIM
06181810 [HATEPTOE| CTEKJIO, TOPHBIH XPYCTallb, JAPArOIEHHbIE KaM-
HU, BOJIOCBHI 2KMBOTHBIX, IIEPCTH U MHOI'€ JIpyTrue TeJjia. BTOpOﬁ 9TO
TOT, KOTOPBIM OBJIAJIAI0T [HATEPTHIH| sIHTAPD, KO, KAMe/Ib, IIeJK,
HUTKH, OyMara u OrpOMHO€e KOJIMUYECTBO JIPYIUX BEIIeCTB. XapaKkTep-
Hasl 0OCOOEHHOCTD STHX JIBYX BHJIOB 9JICKTPUYIECTBA COCTOUT B TOM,
9TO TEJIA CO CMEKAOBUOHBIM INEKMPUMECTNEOM, HAIPUMED, OTTAJ-
KHBA€T BCe JAPYIHE TeJla C TAKUM K€ BHJIOM 3JIEKTPHYECTBA; U, Ha-
000pOT, IPUTACUBACT BCE TEIA CO CMOAUCTIBIM IAEKMPULECTTIEOM;
TaK 4YTO [cTeK/sHHAst| TPyOKa, HOJIyYHBIIAsi SJEKTPUIECTBO [Tpe-
HEeM|, OyJieT OTTAJIKNBATE CTEKJIO, XPYCTAJb, [IEPCTh KUBOTHBIX U
T.J1., €CJIM HOC/IEHAE HOJIyIMIN JIEKTPHIECTBO [TPEHUEM, HJIH 10~
cpencrBoM Mexanusma [TKO npu KOHTaKTe ¢ HATEPTO CTEKJISTHHOM
TPYOKOIi|, U IPUTATMBAET M€K, HUTKU, OyMary u T.J[., XOTsI OHH 110~
JIyIHJIH 3JIEKTPUIECTBO TOJ00HBIM 2Ke 00pa30M [TpeHHUeM, Ul Yepes3
Mmexanu3M [TKO npu KoHTakTe ¢ HaTepThIM KomajoM|. [Hareprsrii]
sHTapb, HA000POT, Oy/IeT NPUTATHBATH HAIEKTPU30BAHHOE CTEKJIO

5[DF, cTp. 263—264].
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U IpyTHe [3/eKTPU30BaHHBIE| BEIECTBA TOTO JKe KJIacca, U OyJIeT OT-
TaJKUBATH [HATEPTYIO| PE3UHY, KO, IIeJIK, HATKA U 1p. JIBe mmes-
KOBBI€ JIEHTBI, HA3JIEKTPU30BAHHBIE [TpeHneM|, 6y Ly T OTTAIKABATHCS
JIPYT OT Jpyra; JBe [3JIeKTPU30BaHHbIe| IepCTaHble HUTH OyeT Be-
ctu cebg 1omoOHBIM 2Ke 06pa3oM; HO [HaTepTasi| mepcrsHas HATh U
[maTeprasi| meskoBast HUTH GyyT B3AMMHO NPUTATHBATD JIPYT JAPY-
ra. DTOT IPUHIKUII OY€Hb €CTECTBEHHBIM 00pa30M OObsICHSIET, IOde-
My KOHIIbI HUTEH, IIIe/IKa UJIU IIEePCTH, OTXOJIAT JIPYT OT JIpyra, Kak
OBl OIETUHUBIINCH, KOTJA OHU ODPETAIOT JIEKTPUIECKOe CBOMCTBO.
W3 sToro mpunImMIa MOYXKHO C TAKOM K€ JIErKOCTHIO BBIBECTH 00bsIC-
HeHre OOJIBIIOrO YHUCIa APYTUX AsaeHuli. VI, BEpOATHO, 3Ta MCTHUHA
IpUBEJIET HAC K JIAJIbHEHIIIEMY OTKPBITHIO MHOTUX JIDYTUX BeIeil.

Kak ™Mbl yBHIuM 1o32Ke, TepMmuHosorns Jrode Bblmia n3 ynorpebieHus.
BMecTo TepMHMHOB CTEKJIOBHIHOE M CMOJIMCTOE 3JIEKTPUIECTBO, MbI UCIIOJIb3yEM
NOAOAHCUMENDHOE U OMPUUGTMENDHOE IACKIMPUNECTEA, COOTBETCTBEHHO. ECcTh u
JIpYTHe COBPEMEHHDbIE TEPMUHBI KaK, HAIPUMED, NOAOACUMEALHBIL U OMPUUA-
MEALHDOIT IAEKMPUYECKUE 3aPAJVL, T TLONOHCUMEALHO U OMPUUATEALHO 30-
pastcennvie meaa. HecMOTpst Ha 9Ty pa3HUILy B TEPMUHOJIOTUH, (DYHIAMEHTAb-
HOe mpeanoJioxkenue Jlrode o CcylecTrBoBaHnn ABYX BHJIOB 3JIEKTPUYECTBA I10-
MIPeXKHEMY SIBJISIETCS OOIMENPU3HAHHBIM. B COBpEeMEHHOI MpaKTHKe Tak:Ke 00-
MIEIPUHATO CUUTATh, YTO 3aps/bl OJJHOIO U TOr'O K€ BHUJIa OTTAJIKUBAIOT JIPYT
JIpyra, B TO BpeMs KakK 3apsijibl PA3jIUIHBIX BHUJIOB IPUTATUBAIOT JAPYT JIPYyTa.

Baonzaesns u Boibd cHsAIU 0YeHb MHTEPECHOE BUJIE0 ¢ COBPEMEHHBIM BOCIIPO-
M3BeJIeHNeM pemaroriero sxcrepumenta Jode, 8 “La danse des feuilles d’or.”

5.3 Kaxkoit Bua 3apsgga mojiydaeT TeJo Ipu Tpe-
HUN?

B skcnepumenTax riiaBel 2 MblI TPOAHAJM3UPOBAJIHN, KAKHe BEIecTBa ITPUTSTHU-
BaJINCh K HATEPTOMY OOBEKTY, a Kakue HeT. Mbl TakxKe 0DHAPYKUIM HATEPTHIE
BEIEeCTBa, KOTOPhIe 00JIada Il CUIONH MPUTITUBATE JIETKHAE TeJa. 371eCh MbI Oy-
JIeM BapbUPOBATH BEIECTBO, KOTOPBIM MBI HATHPaeM OODBEKTHI, Ha Hojee cucre-
MaTHUYECKOU OCHOBE.

Mpr 6y71eM UCIO/IB30BATH OU€HDb YAOOHBIN MHCTPYMEHT, M3rOTOBJICHHBIN 13
TOHKOIT TMOKOI TIJIACTUKOBOH MOJIOCKH, TTPUKPETIJIEHHO K TOPU30HTAJIBLHOI OIOo-
pe (Kak, HaIpUMep, KapaHJall, PydYKa, I[IIaXKKa Win coloMka). ITosocka Mo-
KeT OBbIThb, HApUMEp, mupuHOi 5 cM u gywmHoi 15 cm. OauH U3 ee KOHIOB
MPUKPEIIEH K KapaHIAIly C IMOMOIIBIO KJIEHKOH jeHThl. Kapammam mepKurcst
B TOPU30HTAJIHLHOM IIOJIOZKEHUH, a MOJIOCKA B BeprukaiabnoM. Ha Puc. 5.17 mbI
BUIUM TOJ00HDBIN MHCTPYMEHT cOOKy U criepean. 11o anamoruu ¢ MasgTHUKOBOIT
HUTHIO ['pest n3 paznena 4.9, Mbl MOXKeM Ha3BaTh TOT MPUOOP MAAMHUKOBOT
NAAGCMUK0B0T HUMDBI0 WIA MAAMHUKOB0U NAACTUK0S0T N0A0CKOU.

6|BWa|] u [BWb].
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(a) (b)

Puc. 5.17: Tonkas rubkast IJIaCTUKOBAs MOJIOCKA, COEIMHEHHAS C KAPAHIIAIIIOM.
(a) Bux c6oky. (b) Buux ¢ Topra.

HexkoTopblie U3 5TUX HHCTPYMEHTOB MOT'YT OBITH IIPUTOTOBJIEHBI U3 IIJIACTUKA
OJJHOTO U TOTO Ke MaTepuaja (HalpuMep, BCe MOJOCKU BBIPE3AHBI U3 OIHOIO
[JIACTUKOBOrO NakeTa). Mbl JI0JIZKHBI 09€Hb OCTOPOKHO OOPAIATHCS C II0JIOC-
KaM#, YTOOBI CIIyJaliHO He 3apaIuTh uX TpeHneM. [lepen HagaoM SKCIiepuMeH-
TOB, CJeJyeT yOeauThbCs, YTO ITU MHCTPYMEHTHI JIEKTUPUIECKH HEHATPAJIbHBI.
CragaJia MBI pa3psizkaeM MEeTaJUIMYeCKUl BEPCOPUYM, IIPUKOCHYBIIKUCH K HEMY
MajblaMu. 3aTeM Mbl MEJJIEHHO MMOJHOCUM KaXKIYI0 MAATHUKOBYIO ILJIACTUKO-
BYIO TIOJIOCKY OJIN3KO K BEPCOPUYMY, HE JIOIYCKAas [PU ITOM KOHTAKTA MEXKLy
nuvu. Ecim Bepcopuym He pearmpyer Ha MOJIOCY, MBI MOXKEM CUUTATDH ILJIACTUK
HeliTpasbHbIM. Eciin ke BepcopuyM IOBOPAYMBAETCS IIOJIOCKON, STOT MHCTPY-
MEHT He I'OJIUTCH, U HY>KHO IIPUTOTOBUTH JIPYTOIl B 3aMEHY.

Okcrepument 5.11

Mpb1 HaTHpaeM JiBa HEWTPAJIbHBIX KYyCKa ILUIACTUKA IAJIbIIAMU, CXKUMAasl I10-
JIOCKY MEKJIy YKa3aTeJIbHBIM U CPEJIHUM HAJbIAMHE, & 3aTe€M OBICTPO ITepeMernast
MaJIbIIbl BHUA3 BJOJIb IIACTAKA. 3aTE€M MBI TOJHOCAM COOKY OJIMH TOPU30HTAJIb-
HBII KapaHIaIl K IpyroMy. Kapasgamm MOryT 1ake KacaTbCsl APYT Apyra. 3a-
METHM, YTO HOJIOCHI OTXOIAT JAPYT OT APYra U3-3a B3AMMHOIO JIEKTPUIECKOTO
orTajgkuBaHus. Ecin Okl He OBLIO OTTAJKUBAHUS, OHU OCTaBaJINCh OBl BHCETH
60K 0 OOK B BEPTUKAJIBLHOM MOJIOKEHUU. DTO AHAJIOIMIHO dKcrepumenty 4.1.

Bosbmem Teneps gBe apyrue HelTpaJibHbIE MASTHUKOBBIE IIJIACTUKOBBIE 10~
Jiocku. MBI TpeM mX, 3aKaB KaXKIYIO MOJOCKY MEXKJY IBYyMsl HEATPAJJIHHBIMU
BomonpoBogHbiMu TpyOkamu u3 IIBX. i aToro, Mbl cHadaJia IpoBEpsieM, siB-
JISIIOTCSL JIM 9TH TPYOKU JEHCTBUTEIHHO HEUTPAJIHHBIMHA. DTO MOXKHO CJIEJATh
IyTeM IO HEeCEeHUs KaxKJ0i TPYyOKU OJIM3KO K MeTajlJInYEeCKOMY BEPCOPUYMY, U
HabJurofiast, pearupyer Bepcopuym Ha [IBX 1pybky nim Het. Bepxusis gacTb mia-
CTUKOBOU MOJIOCKU XOPOIIIO 3aKUMAaETC MEXKY JIByMs HEHTpabHbBIMU TPYyOKa-
mu u3 [IBX. Barem MbI OBICTPO TsiHEM KapaHJAII ¢ 11osiocoit BBepx. Cieryer yo-
CTOBEPUTHCH, YTO IIOJOCKA JEHCTBUTEIHHO 3aPsIUIACH IIOCJIE STOH IIPOIEYPHI,
[IOMECTHB IOJIOCKY PSIJIOM C BEPCOPUYMOM U YOEIUBIINCH, YTO OH IIOBOPAYNBa-
eTcsl K HATePTOMY IUIACTHKY. DTO MPOLELYPY IJIEKTPUBAINU TPEHUEM CJIEIyeT
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MIOBTOPUTH CO BTOPOil HEUTPAJIBHON MASITHUKOBOM IJIACTUKOBOM moJsockoit. Te-
IepPb MbI IIOJHOCUM OJIM3KO JAPYT K APYTY JBE IIOJOCKHU, KOTOPbIE MBI HATEPJIN
Tpyokamu u3 [IBX. OHu cHOBa OTTAJKHUBAKOT JAPYT ApYyra.

CymrecTByeT TakKe OTTAJKHBAHUE MEXKJY JIBYMs ILIACTUKOBBIMU IOJIOCKA~
MM, I€PBOHAYAJIBHO HEATPAJIBHBIME, €CJIN UX HATEPETH IMepcThio. To ke camoe
MIPOUCXONUT JIJIsI ABYX HEUTPAJILHBIX MIOJIOC, €CJIN UX HATEPETH JABYMsI XKECTKIMHI
PE3UHOBBIMU TPYOKAMHU.

OTHU YeThIpe ClleHApUsl OTTAJIKUBaHUsI IIpejicTaB/ieHbl Ha Puc. 5.18.

(a) }f x naf XBX (b)

Puc. 5.18: OTrajkupanue MexKAy JABYMs IJIACTUKOBBLIME MOJOCKAMHU, HATEPThI-
mu Mexky nasabiamu (F), mexay asyma tpyokamu u3 [IBX, mepersio (H), win
MeXKJy AByMsl pe3nHoBbiME mutanramu (R).

dkcnepumenT 5.12

BosbMmeMm Terneps 0/1vH U3 IJIACTHKOBBIX II0JIOC, KOTOPbIE OBLITN HATEPTHI MEXK-
JTy TasbiiaMu. Mbl TogHOCHM ee OJTM3KO K JIPYTOil TIJIACTUKOBOH MMOJIOCKE, KOTO-
pas Obu1a Harepra TpyOokamu u3 [IBX. 3amerum, 9T0 OHH IPUTSTHBAIOT JIPYT
Apyra.

CymrecTByeT TakKe TPUTSIKEHNEe, KOTJIa MbI IIOTHOCUM IIJIACTUKOBYIO ITOJIOC-
Ky, HATEPTYIO MEXKJY HaJbIaMu, OJU3KO K JAPYroil IJIACTHKOBOI IIOJIOCKE, KO-
Topast ObljIa HAaTePTa MEXKY PE3NHOBBIMU NIJIAHTaMu. 1o »Ke caMoe IPOUCKOIUT
MEXKJIy TLIACTHKOM, HATEPTBIM IIEPCTHIO, U IJIACTUKOM, KOTOPBLI ObLI HATEPT
mex iy Tpyokavu w3 [1BX; mim Mex 1y miacTukoM, KOTOPBIi ObLI HATEPT IIIep-
CTBIO, U TIACTUKOM, HATEPTHIM MEKTy PE3WHOBBIMU IILJIAHTAMU.

OTu YeThIpe ciiydasi IPUTKEHUs pejcraBiensl Ha Puc. 5.19.

DxkcnepumeHT 5.13

C apyroii CTOPOHBI, CYIIECTBYET OTTAJIKMBAHUE MEYKLY ILJIACTUKOM, KOTOPBIH
OBbLT HATEPT MEXKJy HAJBIAMUA W JIPYTUM ILJIACTUKOM, HATEPTHIM IIepcThio. 1o
K€ caMoe TIPOMCXOIUT MKy IJIACTUKOM, HaTepThiM Mexkay [IBX tpybOkoit, u
JIPYIUM ILJIACTUKOM, HATEPTBHIM MexKy pe3unosbiMu nutanramu (Puc. 5.20).

STI/I 9KCIIEPUMEHTDI IIOKa3bIBAalOT, YTO OJIHO BEIIECTBO — B JaHHOM CJIy4Yae
IJIACTUKOBAsI II0JIOCKA — MOXKET OBbITh OTpUIATEJIbHO 3apPA2KEHO MUJIN I10JIO2KU-
TEeJIbHO 3apsA2KEHO, B 3aBUCUMOCTHU OT MaTe€puaJia, KOTOPbIM €I'0 HaTUupaJin. STO,
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Puc. 5.19: Yersipe ciaydast NPUTSIKEHNAS MEXKJLY JBYMsI IJIACTHKOBBIME IIOJIOC-
KaMu, HaTepThiMu pazimdHbiMu BemecrBamu. (a) [lasen u IIBX. (b) Iasen u
pesuna. (¢) Illepcts u IIBX. (d) Illepcts u pesuna.

i

(a) (b)

Puc. 5.20: OrraskuBanue Mexxy JABYyMs IIJIACTUKOBBIMU IIOJIOCKAMU, HATEPTHI-
Mu passindHbiMy BemectBaMu. (a) Ilasabipst u mepers. (b) IIBX u pesuna.

IIOXOKe, CBUJIETEJLCTBYET O cripaBelyinBocTu unen Jljode o IBYX BHIAX K-
TpudecTBa. C Ipyroii CTOPOHBI, €10 MPEIIIOJIOXKEHNE, YTO KAXKJIBIN BUJT 3JIEKTPU-
9ecTBa CBsI3aH C KOHKPETHOI I'PYIIO BEIecTB He BepHO. BMmecTo TOro, 4To0nt
TOBOPUTH O CTEKJOBUIHOM WM CMOJIACTOM BHAX IJEKTPUIECTBA, KAK ITO OBLIO
npetozkeHo Jiode, Mbl IPUHIMAEM TEPMUHOIOTHUIO NLOAOHCUMEALHDIE U OMPU-
yameavhvie 3apado. B axciepumente 5.1 Mbl pa30bun 3aps?KeHHBIE TeJIa HA JIBE
rpymnnsl. B Hamem mpumepe, mepBasi TPYIIIa COCTOSIIA U3 TJIACTUKOBON COJIOM-
KU, HATEPTO aKPWJIOBOH TKaHbLIO; aKPUJIOBOM JIMHEHKHN, HATEPTON aKpUIOBON
TKAaHBIO; MagTHHUKA, 3aPAKEHHOT'O ITOCPEJICTBOM KOHTAKTa C 3TOHU NJIACTUKOBOM
COJIOMKOIT; 1 MAaATHUKA, 3aPA?KEHHOI0 MOCPEACTBOM KOHTAKTA C 3TOI HAaTEPTON
aKpUIOBOI uHelikoil. B Harem nmpumepe, BTopasi TpyIIa COCTOSIIA U3 CTEKJISTH-
HOI'O CTaKaH4NKa, HATEePTOr0 aKPUJIOBON TKAHbBIO; IIEJIKOBOI'O 1yJIKa, HATEePTOI'O
AKPUJIOBOII TKaHbBIO; MasTHHUKA, 3aPAKEHHOTO IIOCPEJICTBOM KOHTAaKTa C 3TUM
HATEePTBHIM CTEKJIOM; U MasTHUKA, 3aPsSKEHHOI'0 ITIOCPEJICTBOM KOHTAKTa C 3TUM
HaATEPTHIM IIIEJIKOM. BBIJIO 0TMeYeHO, ITO OOBEKTHI TEPBOIl TPYIIIBI OTTATKIBA-
JI IPYT APYTa, 00bEKTHI BTOPOil IPYIIIBI OTTAJIKUBAJIN JIPYT APYTa, HO KaXKIIbIi
00BEKT TMEPBOHl TPYIIILI MPUTATUBAJ JTI000H 00BHEKT BTOPOI TPYIIIHI.

Cornairenue: B HacTod1iee BpeMs IPUHATO 'OBOPUTH, YTO 00 BEKTEI nep-
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BOI T'DYHIBI CTAIM OMPUUGMENDHO 3APAHCERHOIMU I TIPUODDPESIN 0Ompuya-
meavhoil 3apsad, 8 0ObEKTHI BTOPOU I'PYIIBLI CTAIU NOAOHCUTMEALHO 3APAHCEH-
HOLMU UITH TIPUOOPETTH NOA0AHCUMEALHBT 3aPAO.

Cawm rode mbITascst onpee/nTh, 3aBUCAT JIM BUL 3JIEKTPUIECTBa, TpHobpe-
TEeHHBI 00BEKTOM, OT MATEPHAJIA, KOTOPLIM €r0 HATHPAIOT.. UT0GLI IPOBEPHUTH
9TO BJIMdAHME, OH HATUPaJl IIOJIOrPETYIO IIEJKOBYIO TKaHb CHadaja PpyKaMH, a
3aTeM — JIPYroii Harperoi ImejgKoBoil TkaHbio. OH HOATBEPINII, YTO HATEPTHII
IeJIK IIPUOOPeTasl CMOJIUCTOE IJIEKTPUIECTBO B obomx ciydasix. OH morupaJ
TaKKe IMEePCTh U MePbs PYKAMU U IIeJKOM. B 0boux ciryvuasix OH ODHApYKUII,
9TO W MIEPCTh U IePhbs TOJIYYHIN CTEKJIOBUIHOE 3JjIeKTpruiecTBo. llocime aTmx
HECKOJIbKMX TE€CTOB, OH IIPUIIe] K BBIBO/LY, YTO MaTepuaJl, KOTOPBIM Mbl HATHPa-
€M TeJIO MOXKET BJIUSTH Ha KOJIMYECTBO IPHOOPETEHHOI'O TEJIOM 3JIEKTPUYECTBA,
HO He Ha ero Bu/. B manbHeieM 3ToT BhIBOJL IIPUIILIIOCH U3MEHHUTD, KOT/1a, OBLIO
OOHAPYZKEHO, YTO OJHO W TO YKe TeJIO MOXKeT mpuobpectu o0a BUA JIEKTPUIe-
CKOI'0 3aps/ia, B 3aBUCAMOCTH OT MaTepHaJja, KOTOPBIM IIPOU3BOIUTHCA TPEHUE.
CrenoBaresibHO, OOJIBITE HE UMEET CMBICJIA TOBOPUTb O CMEKAOSUIHOM INEK-
MPUYECTNEE WA CMOAUCTNOM INEKMPUYECMEE, TAK KAK CTEKJO caMmo 1o cebe,
HAIIPUMED, MOXKeT IOJIydIUTh JI000i1 BU/I 3aps/ia, B 3aBUCUMOCTHU OT BEIECTBA,
KOTOPBIM €r0 HaTHUPAIOT.

Onpenenenusi: B HacTosiiiee BpeMst MBI TOBOPHUM O TL040ACUMENDHOM U 01T
PUUAMEALHOM INEKMPUYECTNEE UITH NOAOHCUMEADHOM U OMPUUATEAOHOM 3aDA-
de. Kpome Toro, 3apsij1, NpuoOpeTeHHBIN IJIACTUKOBOI COJIOMKON IIpU ee HaTH-
PaHuU BOJIOCAMH, KOXKe, XJIOIIKOM WJIM IIeJIKOM, IIPUHATO Ha3BbIBATb OMpUYa-
meavhoim. C IPYroii CTOPOHBI, 3apsijl, IPUOOPETEHHbII IIJIACTHKOBOM COJIOMKOMN
[IpU ee HATUPAHUN TBEPJON pe3uHoii, akpuaopoit mim [IBX TpyOkoii, Ha3bIBAOT
NONOIAHCUMEALHDIM.

Dkcnepument 5.14

YT06BI OIIpeIeUTh, KAKUE 3aps/Ibl ObLIN MOy Y€Hbl HATEPTHIM IIACTHKOM B
IKcIepuMenTe 5.11, MBI JleJ1aeM IKCIIEPUMEHT, KOTOPBIN HAaUMHAETCS TaK ¥Ke, KaK
9KCIIEpUMEHT 5.1. DyIeKTprvecKuii MasgTHUK | OTPHUIATEIHHO 3apsizKeH 0CPe/T-
CTBOM KOHTAKTa C IIJIACTUKOBON COJIOMKOM, 3apsAKEHHON TpEeHUueM C aKpUJI0BOM
TKAHBIO. DJIEKTPUIECKUH MasgTHUK [] 3apsKeH NOJIOKUTENBHO IIPH KOHTAKTe
C IIEJKOBBIM UYJIKOM, 3aps?KEHHBIM TPEHHEM € aKPUJIOBOH TKaHbIO. Mbl pas-
MEIAaeM STH JIBa MasTHHKA Ha XOPOIIeM yjaajeHuu apyr or apyra. Harepras
COJIOMKa, ¥ HATEPTHIA 9yJIOK yAAJISIOTCS CO CTojIa. HuTu ABYX 3apsi?KEeHHDIX Ma-
ATHAKOB BHCAT BEPTHKAIbLHO. MBI TpeM MasgTHHKOBYIO IJIACTHKOBYIO IIOJIOCKY
[aJblaMA. 3aTeM MeJJIEHHO IOJHOCHM STOT HATEPTHIH IUIACTUK K MAsTHHUKY
I, He jomycKasi KOHTaKTa MexKjry HUMH. Mbl HAG/I0a€M, 9TO MAsSTHUK OTTAJ-
kuBaercst or miactuka (Puc. 5.21 (a)). Ilocse 9T0it nporeaypsl, Mbl Me/JIEHHO
[IOJTHOCHM 9TOT HATEPTHIA IUIACTHK OJIM3KO K MagTHUKY [, He HO3BOJIAS MM
CONPUKOCHYThCs. Mbl Habmonaem npursizkenne Mexay numu (Puc. 5.21 (b)).
TaxuM 06pa3oM, Mbl 3aKJTI0TAEM, YTO HATEPTHIN MAIBIIAMY IIJIACTHK CTAJ OTPH-
[[ATEIBHO 3aPsIZKEHHBIM.

7[DF33b, cTp. 472—473].
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[7: [

Puc. 5.21: Ilporeaypa Hiode ny1s obHapyKeHus 3HAKA 3apsi/ia HAIJIeKTPU30BAH-
HOTr'O TeJia. B 9TOM IIpUMeEpe HaTepTI)IfI IJTaCTUK OTTaJIKUBACTCA OTPHUIATEIHBHO
3apPAKEHHBIM MAaATHUKOM, (a), 1 NIPUTATUBACTCA ITOJIOKUTEJILHO 3apPAXKEHHBIM
MasATHUKOM, (b) Takum 06pa30M, MBI IPUXOTUM K BBIBOLY, UTO ILIACTHK OTPH-
[IATE/ILHO 3apsI?KeH.

[ToBTOpsist 3TOT HKCIEPUMEHT C JPYTUMHU [IJIACTHKOBBIMU TIOJIOCKAME, HATEP-
TBIMH DPA3JNIHBIMI BEIECTBAME, MBI HAOJIOMAEM, UTO OHA 3apSKAETCs CJie-
JLyIOIIUM 00pa30M: MezKJly HajbliaMu (OTPUIATEIBHO), MexK 1y Tpybkamu [IBX
(110J102KUTENBbHO), B IIEPCTH (OTPUIATENBHO), MEXKIY KECTKUMHU DE3NHOBBIMU
mIaHraMu (TIOJI0KUTENHHO).

Bot npocrast porieiypa st ompejiesieHns B, 3apsijia, KOTOPBIH Iproope-
TaeTCd TEJIOM IIPU TPEHUU C KOHKPETHbBIM BEHIECTBOM. STa nponeaypa 1noJpa3y-
MEBAET, UTO TeJIO [ 3aps2KeHO OTPUTIATEHLHO, & TeJo I 3apsizKeHO TOJI0XKUTETb-
HO. MBI 3aTeM OTHOCHM 3aps2KeHHOE TPOOHOE TeJsI0 K Testy I, a TakKe ITOHOCHM
ero k Tey I1. Korma mpobmoe Tesio orraskuBaercs ot I u nputsaruBaercs K 11,
MBbI TOBOPpHUM, YTO OHO UMeeT OTpHHaTeJ’IbeIfI 3apAI. KOF,D;& OHO IIPpUTATUBaCTCA
KImn OTTAaJIKUBaE€TCA OT I[, MbI T'OBOPUM, 9TO OHO HMeeT IIOJIO2KUTEJILHBINA 3a-
psia. DTa mporeaypa cBsizaHa ¢ umeHeM Jlrode, X0Tsi OH UCIOIb30BAJ TOHSATUS
CTEKJIOBUIHOI'O X CMOJIXCTOI'O JIEKTPHUYIECTBa BMECTO HAIIUX IIOHSITUI MOJIOXKI-

TEJIbHOI'O U OTPHUIATEILHOTO 3.J'I6KTpI/I“IeCTBaZ8

st TOro, 9TOOBI CYIUTL O BUJE IJEKTPUUIECTBA JIOOOT0 Tesa, I0-
CTATOYHO JIEKTPU30BATDH €r0 U TIOJHECTH €T0 K [3JIEKTPU30BAHHOMY |
KYCKY CTEKJIa, & 3aTeM K [9JIeKTPH30BAHHOMY| sIHTApIO; OHO [Tesio]
Gy/IeT HEM3MEHHO MTPUTATHBATLCS OJTHUM [KyCKOM| M OTTaIKABATHCST
ApyruMm [kyckom|; |[...]

Msr Oymem mpuberars K 9TOi MPOIEAypPe PEryJIsspHO B paszeie 5.4.

OKkcriepuMeHTt 5.15

8|DF33b, crp. 469—470]: “Pour juger donc quelle est I’espece d’électricité d’un corps
quelconque, il n’y a qu’a le rendre électrique, & lui présenter I'un apres ’autre un morceau de
verre & un morceau d’ambre, il sera certainement attiré par I'un, & repoussé par l'autre; [...]”
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Ms1 Teneph 3HaeM, 4TO JII000€ BEIECTBO MOXKHO 3aPSIUTH IOJIOXKUTETHHO
WM OTPUIATEIBHO, B 3aBUCHMOCTH OT BEIIECTBA, MCIIOJIb3yEMOI'O 1P TPEHUH.
Takum obpa3oM, MBI MOXKEM IIOBTOPHUTHL 3KCIIepuMeHT 5.1 ropasio mpoire, ¢
6oJtee IPKO BBIPAXKEHHBIMU PE3YJIbTATaAMA.

Iaacmukosasn coromra npuobpemaem ropowyro 003y OMPUUGMENLHO20 3a-
pAada npu MpeHuy 80a0CaMU, Kodicel uau Taonkom. Memodom npob u owsu-
00% OBLAO YCTNAHOBAEHO, YO OHG NPUOOPEMAEM DOADULOE KOAULECTIIBO NOAOIHCU-
MEABHO20 3aPAIA NPU MPEHUL MENCIY 08YMSA IHCECTNKUMY PESUHOGDIMU ULAAH-
2amu. Imobol 3apadumsd CONOMKY, MbL ompedaem 06a KYcka amozo wiaarea. Mol
nomewaem 00U KOHEY, COAOMKU MEAHCOY IMUMU, TOPOULO CHCAMBLMU KYCKAMU
U 6uIMAUBAEM €€ OblcmPo U3 Nod Pe3UHO8HIT waaH208. [lracmukrosasn corom-
Ka maxoice npuobpemaem 60AbULE KOAURECTNEO NONOAHCUMEALHO20 3aPAIG NPU
MPEHUY, MAKUM dtCe CNnocobom mexcdy deyms mpybamu us I1BX.

Mpur 3apsizkaem OyMarKHBIN JINCK MasgTHUKa I mocpejcTBoM Mexanusma [1KQO
yepes KOHTAKT C IJIACTUKOBO COJIOMKOI, HaTepToil Bosiocamu. [Tocsie KoHTaKkTa,
TOT MAATHUK OTTAJTKUBAETCsI OT ITOM COJIOMKU. MBbI 3apsizkaeM OyMarKHbI JTUCK
MasaTHUKA [ ] depe3 KOHTAKT C IJIACTUKOBOI COJIOMKOI, HATEPTON MEXKIY JTBYMS
JKECTKUMU PE3WHOBBIME ILTaHramu. Ilociie kKoHTakTa, MasgTHUK OTTAJIKUBAETCS
COJIOMKOIA.

O 1HaKO, KOTJIa MBI MEJIJIEHHO MOIHOCHM 3TY HOCJIEIHIO HATEPTYIO COJIOMKY
6M3K0 K MagTHUKY I, He JOIyCKas KOHTAKTa, BOSHUKAET IPUTSKEHIE MEXKITY
HUME. AHAJIOTMYHO, KOT/Ia MBI MEJ[JIEHHO IIOJHOCUM II€PBYIO0 HATEPTYIO COJIOMKY
K MasgTHUKY [, He JOoImycKasi KOHTAKTa, MEXKIy HUMU Oy/IeT MPUTsIKEHUe.

[IpenmytecTBO 3TOI MPOIEAYPHI IO CPABHEHUWIO C TOU, KOTOpas ObLIa ITPH-
HATa B dKCIepuMenTe 5.1, cOCTOUT B TOM, UTO Jierde W IMPOIIE HOJYyIUTh 3HaA-
9UTEIHHOE KOJTUIECTBO MTOJIOKUTEIHHOIO 3aPsi/ia ¢ INIACTUKOBON COJIOMKOM, Ha-
TEPTOH MEXKJIY JIBYMs KECTKHUMHU PE3UHOBBIMHU IIJIAHTAMU, HEXKEJIN CO CTEKJISTH-
HBIM CTAKAHIUKOM (MJIM IIEJIKOBOH TKAHBIO), HATEPTHIM aKPUJIOBOH TKaHb. B
YaCTHOCTH, TPY/IHO JIEKTPU30BATh COBPEMEHHBIE CTEKJIa TPEHUEM, YIep:KUBas
CTEKJISTHHBIN CTAaKAHIUK B PYKE.

OkcnepumeHT 5.16

DKcIepuMeHT 5.9 MOXKHO IMOBTOPUTH I'OPA3/I0 Jierde ¢ MOMOIIBIO JIBYX ILIa-
CTHKOBBIX COJIOMOK, HATE€PTHIX PAa3/JUYHBIMU MaTepuasaMu (IIOCKOJbKY OJUH U
TOT K€ OOBEKT, HATEPTHIN PA3INIHBIMA MaTE€pPUAJIAMHU, TPUOOPETAET DAY~
HbIE 3apsiJibl), BMECTO COJIOMKHU U CTEKJISHHOIO CTAKAHYMKA, HATEPTOIO TEM K
MaTepuasioM. MbI MOXKeM HCIOJIB30BATh TAaKXKe OJyBAHUYMK HJIM KYCOK BATHI,
KOTOPBI# 3anuMaeT okojo 10 cexkyH, 9TOObI YyIIacTh ¢ BHICOTHI 2 MeTpoB. MbI
TPEM COJIOMKY O BOJIOCHI, UTOOBI 3aps/INTh €€ OTPUIATEbHO. MBI TpeM Ipyryto
COJIOMKY MEXKJIy JBYMS KE€CTKAMW DPE3NHOBBIMU IIJIAHTAMHU, UTOOBI 3apsIUTh
ee TOJIOKUTENIHHO, KaK B dKcIepuMeHTe 5.15. DTu JiBe COOMKHU PACIOIOKEHbI
TOPU30HTAJILHO, HE KACasCh JIPYT NpPYyra.

O/ ryBaHYIHK 3aIlyCKaeTCsl HaJ| OTPUIATEBHOM cooMKoit. OH IpUTATHBAETCS
COJIOMKO, KacaeTcsl ee, a 3aTeM OTCKAKHMBAeT OT Hee (€C/iM OJlyBAaHUYMK CPasy
HE OTCKAKUBAET OT COJIOMKH, MbI MOXKEM MOTUXOHBKY CAyTh €ro). OyBanduk
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nprobpeTaeT OTPHUIATEIbHBIN 3apsiy o Mexanuzmy [IKO. 3areM ero MOXKHO
JIepKaTh B MAPSIIEM HaJl COJIOMKON COCTOSTHUM, Kak B akcrepumente 4.4 (Figure

22 (a)).
S

(a) (b) (c)

Puc. 5.22: (a) OTpunaresbHbIil OLyBaHYUK, HAPSINUil HAJl OTPUIATEILHON CO-
sgomkoit. (b) OrpunarenbHblil OLyBaHINK, HAPSIA MEXKJy OTPUIATEILHON U
IOJIO?KUTEJIbHON COJIOMKOM. (c) OTpuniare/ibHbIA OyBaHYUK, AP 1O/ 110-
JIO?KUTEJILHONU COJIOMKOIL.

MBI Tenepb MeIJIEHHO ITOHOCHM IIOJIOYKUTEBHYIO COJIOMKY CBEPXY OJLyBaH-
ynka. Bropas cosloMKa JOJIKHa BCe BPeMs OCTaBAThCS HaJ| OYBAHYMUKOM, HE
Kacasich ero. B aroMm ciiyuae OyeT MPUTSKEHUE MEXKJIy OTPUIATETBHBIM OILy-
BAHYUKOM ¥ BTOPOIl IMOJIOKUTEJBHON COJIOMKON. OTPUIIATETbHBIN OyBaHINK
MOXKET OCTaBaTbCA Ha IIJIABY MEXKJy HU2KHEH OTPUIIATEIbHOI COJIOMKOIT 1 BEpPX-
Heil TIOJIOXKUTEIBHOI COJIOMKOM, Kak IokasaHo Ha pucytke 5.22 (b). 9ro Bos-
MOZKHO TOJIBKO ITPU OTCYTCTBUM KOHTAKTa MEXKJIY OTPUIIATETBHBIM Oy BAHUYITKOM
U IOJIO?KUTEJIbHON COJIOMKOI HaJ[ HUM.

MoxkHO yIaauTh HUXKHIOIO OTPHUIATEIBLHYIO COJOMKY W JEpXKAThb OTPHUIla-
TeJIbHBIM OJlyBaHYUK Ha IIJIaBY B BO3/lyXe HUXKE ITOJIO?KUTEJIHBHOU COJIOMKH, IIPU
yCJIOBHH, 4TO OHH He Kacaorcs npyr apyra (Puc. 5.22 (c¢)). C npaxTukoii, Mbl
MOZKHO IIOJIYYIUTHb XOpOIIII/IfI KOHTPOJIb Ha/J 9TUM 3KCIIEPUMEHTOM. BCS{KI/Iﬂ pas,
KOI'JIa OTPUIATEJIBHBIN O/IyBaHUYNK JIBUKETCS 10 HAIIPABJIEHUIO K BEpXHeH moJo-
JKATEJILHON COJIOMKE, MBI JIOJI2KHBI OBICTPO YIAIUTH COJIOMKY, HO BCETIa IOJIJIEP-
JKUBasi €ro HaJ| OAyBAHIMKOM. TakuMm 0Opa30M, O[yBAaHIUK MOXKHO JEPXKATh B
ap4AIIeM 1101, COJIOMKON COCTOAHUM, B OCIMJIIMPYIOIIEM BBEPDX U BHU3 PEKUME.

Dkcnepument 5.17

OxcrepuMeHT 5.15 Takke MOXKET ObITH BBIIIOJHEH C UCIIOJIB30BAHUEM BEPCO-
puyma iode, pazaen 4.7. Mbl crpouM aBa Takux Bepcopuyma, I u I, yoexa-
fICh TOCJIE KaXKJIOT0 MOHTAKa, UYTO OHU JEHCTBUTE/IHLHO HeHTpaabHbl. BermoMuanTe
KaK HCI0JIb30BaTh aJJIOMAHUEBYIO (DOJIBI'Y HA KOHIIE OJHOTO U3 ILJIed BEPCOPUYMa,
rode.

Cuadajia MBI TPEM ILJIACTUKOBYIO COJIOMKY O BOJIOCBI, YTOOBI 3apsiIUTh €e
oTpunaTebHO. 3aTeM MbI 3apsizkaeM BepcopuyM [ 1o mexanusmy [IKO, kak
3T0 6BLIO onmcaHo B dKcrnepuMmenTe 4.12. Ilocsie ocBOOOXKIeHNST ATIOMIHUEBOM
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Gdosbru 0T OTPUIATETHHON COJIOMKH, OHA OTTAaJKuBaeTca oT nee. Mbl HaTmpa-
€M JIPpYI'yIO COJIOMKY MEXKJ/1y ABYMdA KECTKUMUN PE3UHOBLIMU IIJIaHT'aMH, ‘{TO6I)I
3apsiINTh ee TOJIOKUTEJIbHO. MbI 3apsi2kaem BepcopuyM [ MMOJI0KUTEIBHO I10-
CPEJICTBOM KOHTAKTa C 9TOi cooMKOii. [Tocsre 0cBOGOXK/IEHIST COTTOMKY AJIIOMU-
HUEBOI (DOJIBIOi, OHA OTTAJIKMBAETCS OT Hee.

Mg Teniepb MeJJTIEHHO TTOTHOCUM OTPHUIIATEIHHOE COTOMKY K Bepcopuymy 1,
He TTO3BOJIsISI UM CONMPUKOCHYTHCSA. MBI HAOIIOaeM, ITO aJlOMUHUEBas (POJIbTa
[PUTSATUBAETCS COJIOMKOI. MBI MeJJIEHHO HOJHOCUM ITOJIOKUTEIbHYIO COJIOMKY
K Bepcopuymy [, He TO3BOJIsIS UM CONPUKOCHYTHCsS. BUIIHO, UTO aJlOMUHUAEBAs
dosbra TakKe IPUTATUBAETCS ITON COJIOMKOIA.

OkcriepumeHT 5.18

OxkcmepuMeHT 5.14 MOXKHO MPOBECTH TaKXKe ¢ JIByMsi BepcopuyMmamu Jode.
AmomunneBast dosibra Bepcopuyma I 3apsizKeHa OTPUIATEIHHO [0 MEXAHU3MY
ITKO, xak B skcriepumenTe 5.17. Tlo Toit ke MeTO/IUKe 3apsizKaeM HOJOKUTE b
HO aJifoMHUHHEBYIO (osbry BepcopuyMa [I. JIpyras miacTUKOBas COJIOMKA Ha-
THPaEeTCsl OllpeJieleHHbIM BerecTBoM. [locjie Takoil oJroTOBKH, MbI ITOJIHOCHM
HATEPTHIN yIACTOK ITON COJIOMKHU OJIM3KO K OTPUIATETLHOMY BepcopuyMy I, He
MIO3BOJISAsT UM COIPUKOCHYTHCHA. 1IpeoiozKuM, OHI OTTAJKABAIOT APYT IPYyTra,
KakK mokasano Ha Puc. 5.23.

(2)

(b) [=1 [TeTT | GEEEE \

Puc. 5.23: Orpunaresibuo 3apsizkeHHast aJioMIHIEBas (oJibra Bepcopuyma, ro-
de oTrankuBaeTcs MpUOINKAIOMIMMCS K HEll HAJIEKTPU30BAHHBIM TEJIOM.

Teneps MBI TOJHOCHM HATEPTYIO YACTb ITOM COJIOMKHU K HOJIOKHUTETHHOMY
Bepcopuymy I, He momycKass KOHTAKTa MEXKIy HAME. [IpeamomoKuM, 910 OHI
IPUTSATUBAIOT JPYT JIpyra, Kak mokaszano Ha Puc. 5.24. IlockoabKy oaHOMMEH-
HBIE 3apsiJbl OTTAJKUBAIOT, & ITPOTUBOIOJIOXKHBIE 3aPSIIbl IIPUTITUBAIOT JIPYT
JIpyra, B 3TOM CJIydae Mbl 3aKJII0YaeM, 9TO COJIOMKA 3apPsi/IUIach OTPHUIIATEIHEHO
npu Tpennu. Ta ke MpOIEaypa MOMXKET ObITh HWCIIOJIH30BAHA JIJIsi TOTO, ITOOBI
OTIPEJIEINTh 3HAK 3apsifia JPYTUX MATEPUAJIOB, HAIEKTPU30BAHHLIX TPEHUEM
PA3JINIHBIMUA BEIIECTBAMHU.

Hrode cozmanm 3TOT THI BEpCOPUYMa B KadeCTBE NMPAKTUIHOTO U UYBCTBU-
TEJIbHOI'O MHCTPYMEHTA JIJIsl OIPEEeIeHUs THUIla JIEKTPUYECTBa, I1OJy4YEeHHOI'O
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(a)

(b) [Tl (] E====

Puc. 5.24: TlosmoxxurenbHO 3apsizKeHHas ajfoMuHIEBast posbra Bepcopuyma, lio-
de IPUTATUBAETCS TTOTHECEHHBIM OJTM3KO K HEl 3apsArKEHHBIM TEJIOM.

00BEKTOM, KOTOPBINT MOXKET YIE€PKUBATD JIUIIb OY€Hb MAJIOe KOJUIECTBO JJIEK-
tpudectBa. CrepBa OH MOCTPOUJ METAJUINIECKUAN BEPCOPUYM, HO I03Ke OH 3a-
METHJI, YTO JIJISI €T0 TIeJIell JIydIlle IMeTh BEPCOPUYMbI, U3TOTOBJIEHHBIE U3 CTEKJIA,
I BOCKa. 3aTeM OH OIMCAJ SKCIEePUMEHT, AHAJOTHIHLIN SKCIepuMenTy 5.18:9

Cy1imecTByeT erre OJWH OYEHBb MIPOCTOH CIIOCOD OIMpEeeIeHIs BUIA
JIEKTPUIECTBA I Teja, UMEIONEro OYeHb CJIadyI0 CIOCOOHOCTD
as1eKTpu30BaThes [...| B Hacrosimee Bpems st 6ymy msberarhb [npes-
CTABJISATh| YATATENIO yTOMATENbHBIE U 00€CKYPAXKUBAIOIIIE JIETAIN
ILJTOXO ITOCTABJIEHHBIX UJIN HECOBEPIIEHHBIX IKCIEPUMEHTOB, U si CKa-
2Ky TOJIBKO, 9TO JIJIsi TOTO 9TOOBI JTOOUTHCST yCIexa, He0OXOIUMO HC-
MOJTB30BATH CTEKJIHHYTO UTJIY [BEPCOPUYM M3 CTEKJIa|, KOTOPAs MOH-
TUPYETCs HaJ| OYCHD JIJIMHHON CTEKJIAHHON OIIOPOIl; 3Ta UIJIa JI0JIZK-
Ha UMeTh Ha OJHOM KOHIIE ITOJIbIi METAJUIMYECKUH Iap, a Ha JpY-
roM [KoHIe| GaaHCUPYIOILYI0 MAcCy CTEeKJa, 3TO HEODXOUMO, UTO-
OBI BBICYIIIATH BCE €€ YACTH, U TOCJIE STOTO IePeIaTh JJTEKTPUIECTBO
METAJUIMYECKOMY IIapy OT [HaTepToil CTeKJISTHHO| TpYOKH, HIIH JII0-
6Oro aHAJIOTMIHOTO BEIIECTBA; [3apsSsKeHHBIH| M9 OyJ1eT 3aTeM mpu-
TSTUBATHCST TEJIAMU, KOTOPbIE MMEIOT CMOJIMCTOE JIEKTPUYECTBO, U
OTTAJIKUBATHCS TeJIAMHU CO CTEKJIOBUJIHBIM 3JIEKTPUIECTBOM.

9[DF33b, crp. 473—474]: Il y a encore un moyen bien simple pour connoitre le genre
d’électricité d’un corps dans lequel cette vertu est tres-faible [...] J’épargnerai cependant au
lecteur un détail ennuyeux & rebutant d’expériences manquées ou imparfaites, & je dirai
seulement que pour réussir, il faut se servir d’une aiguille de verre posée sur un pivot de
verre trés-long, que cette aiguille porte & I'un de ses bouts une boule de métal creuse, & a
l’autre un contre-poids de verre, qu’il faut bien sécher toutes ces piéces, & qu’alors il faut
communiquer 1’électricité a la boule de métal avec le tube, ou quelqu’autre matiére analogue,
la boule sera alors attirée par les corps dont ’électricité est résineuse, & repoussée par ceux
qui ont ’électricité vitrée.*
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5.4 TpubozaeKTpudeckKuii psam

B sTOM 3KCIIEpUMEHTE MBI TIOKaXKEM, KaK HCIOJIb30BATh IPAKTUIECKYIO CXEMY
sKcnepuMeHTa 5.14 st IMUPOKOTO KJIacca BEIeCTB, KOTIa TPEHHe OCYIIECTB-
JISIETCS CaMBIMU PA3JIMIHBIMU MaTepuagaMu. Mbl OyIeT MCIOIB30BATH METAJ-
JINIECKUH BEPCOPUYM JIJIsI ONIPEJIEIEHUST, SIBJISETCA JI TEJIO HEHTPAJbHBIM HJIH
zapsizkeHHbIM. CHavaga Mbl TPOTAEM BEPCOPUYM MAJBIEM, YTOOBI Pa3psIATh
ero. 3aTeM Mbl MEJJIEHHO TIOJIHOCHM TE€JIO0 K BEPCOPHYMY, He Kacasich ero. Eciu
BEPCOPUYM OCTAETCS B MOKOE, T.€. HE MMOBOPAYUBAETCS K TEJLY, Mbl TOBOPUM, UTO
TEJI0 ABJSETCS HeATpaabHbIM. Korma BepcOpuyM IOBOPAMHUBAETCS K TEJy, MBI
TOBOPHUM, TEJIO 3aPSI?KEHO.

Y1066l IPOBEPUTH TUII 3aPsJia, TOJIYIEHHOIO HATEPTHIM TEJIOM, MbI UCIIOJIb-
3yeM JIBa SJEKTPUIECKUX MAasTHUKA, 3aPS’KEHHBIX IMPOTHBOIIOJIOKHBIMUA JJIEK-
TPUYECTBAMH. DTU MASTHUKU HAXOJATCA HA CTOJIE HA JOCTATOYHOM Y/IAJEHUH
JpyT oT sipyra. [lepes 3apsi/iKoil MAsTHUKOB, MbI TPOraeM Oy MaykKHbBIH JINCK KazK-
JIOTO MasATHUKA MAJIBIEM. 3aT€M MbI 3apsKaeM MX [TOCPEJICTBOM KOHTaKTa. DTO
MOYKHO CJIeJIATh IPOCTO U 3(hPEKTUBHO, HATEPEB TIACTUKOBYIO COJIOMKY, U MOI-
HOCS ee OJIM3KO K OJHOMY U3 MASTHUKOB. ByMasKHBIN JIUCK NPUTATHBAETCA Ha-
TEPTON COJIOMKOM, KACAETCS €e, a 3aTéM OTTAJKUBAETCS OT Hee, MOCKOJbKY OH
MIOJIy9aeT 3apsijl TOTO XKe 3HAKA.

W3 ombITa IPOBEIEHAsT TOJOOHOTO SKCIIEPUMEHTa, MbI 3HAEM, ITO 3aPS/IATDH
MASITHUK OTPHUIATENHLHO HE MPEJICTABIAET TPYyJA. B KOHIE KOHIIOB, ILTACTUKO-
Basi COJIOMKa TPHOOPETAET GOJIBIIOE KOJIMIECTBO OTPUIATENBHOTO 3apsijia Ipu
TPEHUU C PJOM BEIECTB: BOJIOCHI, XJIONOK, Oymara u T.7. Ecte u apyrue Tea,
KOTOpBIE TaKKe MPUOOPETAIOT XOPOIIYIO JT03Y OTPUIATETHHOTO JIEKTPUIECTBA
(BerecTBO, KOTOPHIM HPOU3BOAUTCS TPEHUE, YKA3aHO B CKODKAX): aKpUJIOBas
TpyOKa (smcT GyMaru, XJIOnoK, aKkpUJIoBas TKaHb, BOJIOC, CHHTETUIeCKUIT 11011~
aMUJ1), 2KeCTKUN PEe3UHOBDII IIJIAHT (IIOJMITUIIEHOBBII [IAKeT, aKPUJIOBasi TKAHb,
CUHTETHYECKHUil MoJmaMul, mepeTh, crekio), [IBX tpybka (demoBedeckas Ko-
JKa, aKpWJIOBasl TKAHb, CHHTETUYECKUI MOJMAMUJ, CTEKJIO), MEHOIOIUCTUPOII
(BoJtoc), IITACTHKOBBI makeT (BOJIOC) U IIEJK (BOJIOC).

TpyaHee HATTH TOIXOIAIIME BEIECTBA, KOTOPbIE IPHOOPETAIOT GOJIBIIOE KO-
JIMYECTBO TIOJIOKUTEHHOTO JIEKTPUIECTBa [IPU TpeHUuU. UTOObI 3apsIuTh ILIa-
CTUKOBYIO COJIOMKY GOJIBITUM KOJUIECTBOM ITOJIOKUTEIHHOTO 3apsjia, Mbl BbI-
Hy2KJIEHbI OBLITM HATUPATH €6 MEXKIY JBYyMS KECTKUMH PESUHOBBIMU MIITAHTAME
(i mexay aBymst Tpybkamu [IBX), BoitsiruBasi ee GbICTPO U3 HOJ IUIOTHO
OPUXKATHIX MIJIAHTOB. BOT elre HeCKOIBbKO 06bEKTOB, KOTOPBIE TPUOOPETAIOT XO-
POIILYIO JI03Y NOJOKUTENBHOTO 3apsijia (BelecTBO, KOTOPBIM IIPOU3BOUTCS TPe-
HU€, yKA3aHO B CKOOKAX): CTEKJIO (aKPUJIOBasl TKAHD ), CAHTETUIECKUH TT0JIHAMME,T
(akpusioBasi TKaHb) W IIEJK (aKPUJIOBAsi TKAHb, KECTKUE PE3UHOBBIE IIJIAHIH,
akpuioBble Tpyoku u Tpyoku [IBX).

Yro6Bl 3apsIUTh HEKOTOPbIE BEIECTBa, nMeronye (bopMy HUTH MU TPOBO-
JIOKH (BOJIOCBI, XJIOYATOOYMayKHAs HUTh, HUTh U3 CHHTETUIECKOIO IIOJIHAMUIA
WM TOJIMACTEDPA), Mbl MCHOJIb3yeM CJIeAyIonlyio cxemy. CHadaja Mbl [IPUBs3bI-
BaeM MX K IJIACTUKOBON COJIOMKE, YTOOBI IPEJOTBPATUTD PAa3PAIKy depe3 HAIIN
pyku nocsie Tpernst (Puc. 5.25 (a)). Yro0sl onpe/ieuTh THI 3apsijia, Oy YeH-
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HOT'O 9THMU HATEPTHIMH HUTSIMHU, MBI He GY/1eM HCIOJIB30BATH ONICAHHDIE DAHEe
3apsKEHHBIE MASTHUKI. BMECTO 3TOr0, MBI PA3MEIaeM Ha IIOJXOJISAIINX OIOPax
OTPULIATEIHHO 3aP?KEHHYI0 COIOMKY (HATEPTYIO IO BCEH JjIMHE BOJIOCAMH), H
IOJIOKUTENBHO 3aPSIPKEHHYIO COJIOMKY (HATEPTYIO 110 BCeil JITINHE MeXK /Ly JIBYMsi
JKECTKUME PEe3UHOBBIMA nuTaHramu). Omopy MOXKHO IOCTPOUTH TOYHO TaK XKe,
KaK 9TO MBI Jesann Jyist Mastanka (Puc. 5.25 (b)).

1
*

(]
==

(a) (b)

Puc. 5.25: (a) Hurp npusssana K macTuKoBoit costoMke. (b) IIporusomomnoxio
JIEKTPU30BAHHLIE IJIACTUKOBBIE COJIOMKIU.

Hareprast auTh, HpuBsI3aHHAs K TOPU3OHTAJIBHON COJIOMKE, 3aTeM M€ IJIEHHO
[IOJIHOCUTCST K OTPUIIATENIHHO 3apsi?KEHHOW BEPTUKAJIBHON COJIOMKE, He KacCasiCh
ee. 3aTeM MeJJICHHO HOJHOCHM ee OJIM3KO K IOJIOKUTEIHHO 3apPsi?KEeHHOU Bep-
TUKAJILHOI COJIOMKe, He Kacasch ee. Habiromas 3a peakiueil (IpuTsizKeHne win
OTTAJKMBAHUE) HUTH [0 OTHOIIEHUIO K STHM 3aPZKEHHBIM COJOMKAM, MBI MO-
JKeM OIIPEJIJINTH 3apsijl, IPUOOPETEHHBIN TOI HUTHIO 3a CUET TPEHUSI.

Ucnbrtanuio OB OABEPIHYTHI CJIEYIONIE OOBEKTHI: CyXasl YeI0BeYecKast
KOKa, IIJIACTUKOBBIH [TAKET, TAIINPOCHas OyMara, IeHOIIACT, AJIIOMAHNEeBast (HhOJIb-
ra, XJIOIOK, aKpUJIOBas TKaHb (CM. dKCIepuMeHT 5.1), cuHTerndecKuil 1oJiu-
aMMU/T, BOJIOCHI, KOXKa, METAJINIeCKasi CTPYKKa, MPOOKH, IIaJIKOe CTEKJI0, 300~
HUTOBBIH IIJIAHT, IJIACTUKOBAasI COJIOMKa, (papdop, akpusiossie TpyosI, [IBX Tpy-
ObI, TOHKHI KapTOH, JIEPEBO M TIEJK. MBI Tepjii HEKOTOPBIE BEIIECTBA U3 XO-
POIIIO IIPOIUTHIBAIOIIETO BJIATY XJIONKA, HJIM TEPJIA XJIOIKOBLIE HUTH JPYTUMHI
Tesiamu. HekoTopble BenecTBa Mbl 110/IBEPrajiil TPEHUIO CUHTETUYECKUM IIOJIH-
aMUJIOM B BHUIE KEHCKOTO Uy/ka. HeKoTopble, TaK HA3bIBAEMbIE ,,IIIeJTKOBBIE"
9yJIKU, Ha CAaMOM Jlejle M3TOTOBJIEHBI M3 CHHTETHIEeCKOro mnojuamuga. CuHTe-
TUYECKUI MTOJIMAMUJT MOYKHO JIEFKO HAWTH TaKXKe B KyHaJbHBIX KOCTIOMax. Mbl
TepJIN Pa3JIndHble 00BEKTHI O HAIIU BOJIOCHI, MBI TAKKE MCIIOJb30BAIN OTIEIIb-
HBIIl YeJI0BeYeCKNl BOJIOC, IIPUBSI3AHHDII K IIJIACTUKOBON COJIOMKE, U HATHUPAJIN
ero Jpyrumu BeriectBamu. JIJIs MCHBITAHWS JIPEBECUHBI, Mbl UCIOJIL30BAIH B
HAIIUX YKCIEPUMEHTAX OOBIYHBIE JIEPEBSHHBIE IMAMITYPBI, KOTOPBIE TPOJIAI0TCS
B MarazmHax. Mbl He yBEpPEHBI, N3 KAKOI'0 MMEHHO COPTa JIepeBa ObLIN M3rOTOB-
JIEHBI 3THU IIaykKku. HekoTopble BemecTBa Mbl TEPJIN MIETKOBONH TKAHBIO. MbI
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TaKKe HCIIOJIb30BAJIN IIEJIKOBYIO0 HUTb, KOTOPYIO TE€DPJIA JIPYTUMHU OObEKTaMU.
CTeKﬂO B HaIlllUX IKCIIEpUMEHTaXxX 6]31.)'[0 O4YeHb IVIQJIKNM.

B GosibmmHCTBE CiydaeB Oblia MpUHSTA CIeAyomias cxema. MasTHUK OT-
pHUIATEIBHO 3apszKaJICsd KacaHueM HATePTON BOJOCAMM COJIOMKHU. J[pyroi ma-
ATHUK 3aPSAKAJICS OJOKUATEIBHO IIPU KOHTAKTE C COJIOMKOI, HATEPTOH ABYMS
JKECTKUMU PE3UHOBBIMU IIJIAHTAME. DTHU 3apSKEHHbIE MAITHUKN PAa3MEIAINCh
JOCTATOYHO JAJIEKO JIPYT OT JpyTa, TAK YTOOBI UX HUTU BHCEJH BEPTUKAJBHO.
Hareprbie coJIOMKY TOJJIEPKUBAJINCH BEPTUKAJIBHO HA COOTBETCTBYOIIUX OIIO-
pax, KOTOpbIe TaKKe ObLIN MPOCTPAHCTBEHHO Pa3le/IeHbl, YTOOBI MOXKHO OBLIO
OIPENIEJITD C ITOMOIIBIO HATEPTHIX HUTEH THUIl 3apsifia HA COJIOMKAX.

Cuadajia MBI TIPOBEPSIIIN HEKOTOPBIe 00bekThI, [ u 11, Ha oTcyTCTBHUE 3apsiia,
pa3Merast KayKJIblil n3 HAX psijioM ¢ BepcopuyMoM. C HOATBEPXKIEHUEM OTCYT-
CTBUS 3apsija Ha KayKJIOM U3 HUX, 00beKT [ mojBepraJicss TpeHuo oobekToMm I 1.
Wnest cocTosijia B TOM, 9YTO MBI MOIJIM UCIIOJIb30BATh J1I000i1 u3 oobekTos I u I1
JIJIsE OTIPEIEJIEHUs TUIA 3apsiIa.

3areM MBI IPOBEPSIIN, TMOJIYIUSI 00BEKT | HOCTATOYHOE KOJIMIECTBO 3apsia
i HeT. /{1t 9TOro Mbl M€e/IJIEHHO [TOTHOCHIIN €r0 K BEPCOPUYMY, YTOOBI YBUIETH
peaknuio BepcopuyMa. Ec/in 10CTaTOYHO XOPOITO 3apsizKeH, TO 00beKT [ Haum-
HaJI MEJIJIEHHO JIBUTATHCSI PSIJIOM C OTPUIIATEILHO 3aPsi?KEHHBIM MasTHUKOM, HE
KOCasiCh €r0, U MOYKHO OBbLIO HAOJIIONATE, €CJIN MAATHUK MPUTATABAJICS WX OT-
TAJKUBAJICA 3TUM 00beKToM. O0bekT I 3aTeM MeJIeHHO TTOTHOCHUIICST OJU3KO K
[TOJIOYKUTEJIHHO 3aPsyKEHHOMY MAasTHUKY, HE Kacasich ero. Mbl Habsoaaium, mpu-
TATUBAJICS UM OTTAJIKHBAJICS 3TOT BTOPOH MaATHUK 00bekToM I. Ecin Mbr Ha-
GuIro 1A IPUTSIZKeHNe (OTTAJKUBAHNE) OTPHUIATENBHO 3aPSI?KEHHOTO MasTHUKA,
a TakKe OTTaJKUBaHue ([IPUTIKEHUE) HOJIOKUTEIHHO 3aPIKEHHOIO MaATHUKA,
MbI 3aKJIOYAJU, 9T0 00bEKT I CTAJ IOJIOKUTEILHO (OTPUIATELHO) 3apAZKeH-
HBIM B pe3y/abTaTe TpeHus: ¢ oobekToMm I1.

Ham kaxkercst, 9T0 UMeeT CMBICJ IPOBEPATH, IPUTATUBAETCS WJIA OTTAJIKH-
BaeTCs OIMH W3 MAsITHUKOB OT 3apsI?)KEHHOT'O O0bEKTa, W OTTAJKUBAETCS WJIU
[PUTSATUBAETCS IPYTO MAATHUK ITUM 3aPAXKEHHBIM 00bEKTOM. DTa, IIPEIOCTO-
POXKHOCTb HEOOXOIUMa, ITOOBI UCTIOYUTH BCE COMHEHUsI B OTHOIIIEHUN THUIIA 3a-
psia, TPUOOPETEHHOTO HATEPTHIM 00beKTOM. [IoTpebHOCTE B TaKoi IpPeIoCcTo-
PO2KHOCTU OOYCJIOBJIEHA TE€M, YTO IPUOOPETEHHBIN TPEHUEM 3aPs]] 9aCTO MOXKET
6bITb O4Y€eHb HE3HAYUTEJIbHBIM. STO CO3/1a€eT IIpUTA2KEHUuE NJIN OTTaJIKUBaHUE C
OYeHb MaJIoii MHTEHCUBHOCTBIO MEXKJYy ITUM HATEPTHIM OOBEKTOM U 3apsi?KEeH-
HBIMH MasITHUKAMU, UTO YCJIOXKHSIET IIPOBEIEHNE TOYHBIX HAOJIIOIEHUIA.

Bpems or BpemeHu HEOOXOIUMO TPOraTh MAJIBIEM BEPCOPUYM, 9TOOBI CHATD
OCTATOYHOE JJIEKTPUIECTBO, KOTOPOE OH MOT CJIyYaiiHO moJsy4unTh. Kpome Toro,
BpeMsI OT BPEMEHU Mbl TaKzKe JIOJIKHBI 3aPAKATh KaXKIblil MAATHIK CHOBA, TaK
KaK OHU IIOCTEIIEHHO TEPSIIOT CBOE JIEKTPUYECTBO C T€YeHUEM BpeMeHu. 1o Ka-
caeTcsl IJIACTUKOBBIX WJIA CMOJIUCTBIX OOBEKTOB, HE CJIe/lyeT HATUPATH OJWH U
TOT ke 00bEKT DoJIee YeM OJHIM BUIOM BerecTBa. [Ipuanna 910ii mpe1ocTopox-
HOCTH COCTOUT B TOM, 9TO WHOLJA 3aps]l, IPUOOPETEHHBI B TE€YEHHE HIEPBOTO
TPEHUSsI, OCTAETCs B TeJIe IIACTUKOBOI'O MJIM CMOJILCTOrO 0O0beKTa. Torma HeBo3-
MOXKHO 3HaThb TOYHO, KAKOI BH/JI 9JIEKTPUYIECTBa ObLI IIPUOOPETEH B PE3YJIbTATE
TPeHUsI CO BTOPBIM BEIECTBOM. ITOOBI IPOBEPUTH THII 3aPsiia, TPUOOPETEHHO-

130



ro IJIACTUKOBOI COJIOMKOi1, HAIIPUMED, MBI JOJKHBI UCIOIB30BATh OT/IEJIbHYIO
COJIOMKY JIJIsl KaXKJIOI'O BEIEeCTBa, KOTOPBIM IIPOM3BOIUTCS TpeHne. Bosiee Toro,
repeJi TPeHUeM COJIOMKU, He JIMIITHE YOeIuThbCsl B e JIEKTPUIECKO HeHTPasIb-
HOCTH.

[Ipyu TpeHun MIACTUKOBBIA COJIOMKHU TBEDPJIBIME BEIIECTBAMHU, MbI yCTaHAB-
JIMBAJIA OJIMH M3 €€ KOHIOB MeXKJy HUMH (MeXKIy JABYMsl KyCKaMU [EHOIJIACTA,
MeXK/Iy JBYMsI IIPOOKAMU U TaK Jiajiee). 3aTeM Mbl GBICTPO BBITACKUBAJIN COJIOM-
Ky W3 IOJ[ 3TUX JIBYX O0bEKTOB, IIPOTACKUBAS €€ 10 BCell JJIMHEe MeXKJIy HUMHU.

B cityuae crekia, koxu, dhapdopa, gepeBa u OymMaru HeoOX0IMMO CODJIIOIATh
0COOYIO0 TIPEIOCTOPOXKHOCTE Tpu obpamtenun ¢ HuMu. OHU MOTYT MOIYYATH U
MOJIJIEP>KUBATE JIOCTATOYHOE KOJIMYECTBO 3apsijia TOJBKO B TOM CJIydae, eCln
OHM OBLIIN BBICYIIEHBI U, YKEJATEJHHO, HATPETHI Tepe] TeM, KaK I0JIBEepraTh UxX
Tperuto. Mbl HarpeBa/jiu UX B MHUKPOBOJIHOBOIl I1€YM, HO MOXKHO HarpeTb X U
CIIUIKAMU.

Kak mpasuno, mbr Tepau Teso I nporus Tema [I. Beakuit pas, kormga 1o
OBLIO BO3MOXKHO, MBI IIPOBEPSIJIN HAJMYNE 0DOMX 3apsiIOB, KAK 3apsiia HA TeJie
I, tak u 3apanga #Ha Teme I[1. Ho 1o me Bcerma ObLio BO3MOXKHO. B mHekoTO-
PBIX CJIydasiX OJIMH U3 9TUX TeJI He YIAepKUBAJI HUKAKOI'O 3apsijia MOCe TPEHMUS.
OOBIYHO 9TO TeJIO pa3psizKaJICs Yepe3 KOHTAKT ¢ Halllell PYKOii, KaK B CJIydae Co
CTAJIbHBIMU BOJIOKHAMU, XJIOIIKOM WJIK JINCTOM Oymaru. B momobHBIX ciydasix,
MBI TIPOBEPSIII HAJIMYHE 3apsijia TOJIBKO Ha JIPDYTOM TeJIe.

PesympraTh poBeIeHHBIX TAKUM 00pa30M IKCIIEPUMEHTOB JAHBI B TaOIMTIE
5.1.

Omnpenenenne: Craucok B Tabmuie 5.1 HAZBIBAETCA MPUOOINCKMPUUECKUM
padom. Ilpeduxrc ,,rpubo* mMeeT rpedeckoe MPOUCXOXKIEHHE. JTO CJIOBO O3HA-
YaeT TPEHWe UM aKT TpeHus. TpuboajIeKTpUIecKuil psifi yKas3blBaeT Ha BUJT
JIEKTPUIECTBA, [TOJIYIEHHOTO B PE3YJIbTATE TPEHUS.

D1y TabJHILy CJIeJlyeT TOJIKOBATE cieayomum obpazom. Korga MbI Tpem Te-
Jio I ¢ Tesiom 11, IOJIOXKUATENIBHBII 3aPsiJT IIOJIYYIUT TO TEJIO0, KOTOPOE HAXOIUTCSI B
TabJiniie Beie apyroro. To ecTh TeJI0, KOTOPOe HAXOMUTCs OJINKE K CUMBOJLY +
CTAHET MOJIOYKUTEHLHO 3aPsi?KEHHBIM, & JPYroe CTAHET OTPHUIATEIHLHO 3apsizKeH-
vbiM. Hanpumep, eciin miacTUKOBYIO COJIOMKY TOTEPETD IIETKOM, MIEJIK CTAHET
MTOJIOXKUTEJBHBIM, a [JIACTUK OTPHUIATETHLHBIM.

Mp! He BKJIOYWIN CTAJIBHYIO NMIEPCTH B 3Ty TaOJHILY, TTOTOMY YTO TPYIHO
3JIEKTPUYECKHU 3aPSIJIUTh TEJI0 TPEHUEM CTAJIbHON ImepcTbio. OTpunarebHbIi
3apsiJi MOJIYyIU/IN IIJIACTUKOBAs COJIOMKA, aKpujioBas Tpyba, TBepias pe3uHa,
tpyoka [IBX, ctupodom u mosmstusieHoBbIil nakeT. O IUHOIHBIN Ie/I0BEIECKUI
BOJIOC, C JIPYTO# CTOPOHBI, CTAJ TOJOXKHUTEJIHHO 3apPSIKEHHBIM ITYTEM TPEHUsI
craspHoit mepcThio. Crekso, mepeso, dapdop, akpuioBas TKaHb, CHHTETHIE-
CKUIl TIOJIMaMUJ] U IIeJIK He MPUOOpe I 3aMeTHOe KOJIMYECTBO 3apsijia.

DTOT TPUOOIIEKTPUIECKUI PsiJi HE COBIAIAET C APYTUMU TPUOOIJIEKTPUIE-
CKUMU DPSIJIAMU, 9aCTO BCTPEUYAIONIMMIUCS B JINTEPATYPE, KOTOPHIE OTJIMYAIOTCS
JIPYT OT JIpyTa Jiazke B TOPSIJIKE PACIOJIOKEHUsI OJTHUX U TeX Ke TeJs. EcTh Beckue
MPUYIUHBL JIJIsT 9TOTO PACXOXKIEHUS Pe3YIbTATOB. ECTh MHOIO PA3/IMIHBIX BHUIIOB
CTEeKJIa, W3rOTOBJIEHHBIE U3 PA3JIMYHBIX MATEPHAJOB U 10 PA3JIMIHBIM TEXHO-
JIOTHSIM. DTH ACIEKTHI, O€3YCJOBHO, BJIUSIIOT HA UX CIIOCOOHOCTH IIPUOOpeTaTh
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BOJIOCHI

TJIAJIKOE CTEKJIO
qeJI0BEYEeCKas KOXKa
CUHTETUYECKUN TIOJINaMUT
XJIOTIOK

IeJIK

Oymara WM TOHKHUI KapTOH
KOXKa

dapdop

aJIOMUHUEBasT (POIBra
JIepeBO

podKa

aKpUIOBas TKaHb
cTupodomM

IJIACTAKOBBIA ITaKeT
[MUTHEBasI JIACTUKOBAsI COJIOMKA
KECTKUN aKpPUJIAK

Tpyoka [IBX

TBEpIasi Pe3nHa

Tabauma 5.1: TpubosmekTpruaeckuii psi.

MIOJIOYKUTEJIbHBIE WJIM OTPUIATENbHbIE 3apsaabl TpenneM. Hanpumep, HekoTopbie
BU/IBbI CTEKJIA CTAHOBSATCS MOJIO2KUTEJIHHO 3aPAKEHHBIMHU TIOCJIE TPEHUS PyKaMU,
B TO BpeMsl KaK JIpyrue BUJbI CTEKJIA CTAHOBSTCS OTPUIATEIHFHO 3aPIKEHHBIMU.
To xe pasHooOpa3zue MATEPUAJOB U TEXHOJIOIMI M3TOTOBJIEHUS] UMEET MECTO C
JPYruMu BemecTBamMu (IUIaCTUK, OyMmara, pe3una u T.1.) Kpacurenau, ucrosinb3y-
eMble IIPU U3TOTOBJICHUH IIEJIKOBBIX U JPYTUX TKaHEll UId HUTel, MOI'yT TaKzKe
MOBJIUATH HA UX CBOWCTBA. DJEKTPUUECKHE CBONCTBA JIPEBECHHBI MOTYT 3aBH-
ceThb OT THUIIA JiepeBa. dejioBedecKuil BOJIOC U KOXKa MOT'YT ObITh O0JIee Wi MeHee
JKUPHBIMH, OHU MOTYT OBITh TaKKe IIPOIUTAHBI MMAMIIYHEM, KDEMOB U JIPYTUMHI
BeIeCTBaMU.

Kaxkprii, KTO IPOBOAUAT ITU IKCHEPUMEHTHI, TOJ2KEH MONBITATHCA TOCTPO-
WUTDH CBOIT COOCTBEHHBIN TPHUOOITEKTPUIECCKU PSIJI, UCTIONB3YsT JOCTYITHBIE MaTe-
pUaJIbL.

B paznene 5.3 Mbr Busenu, kak B 1733 roay lrode HaTupas mesnk, nepbs u
MIEPCTh MIEJIKOM U cBouME pykKamu. OH OOHAPYXKUJI, ITO KAXKJBIA U3 ITUX TEJ
BCErJIa 3aPsi?KAJICS JIEKTPUIECTBOM OJJHOT'O U TOTO K€ BUJA, HE3ABUCUMO OT TO-
ro, KAKUM MaTepHaJoM OH mpousBoaui Tpenne. C Tex mop ObLIN 0OHADPYKEHbI
uekoropsle anomasuu. Jxon Kanron (1712—1772), B 9acTHOCTH, YCTAHOBILI,
qTO 1epoxoBaToe (HenuInOBAHHOE) CTEKJIO0 MOXKET TIOJYIUTh HOJOKATETHHBIN
3apsiJi IPU TPEHUU (DJIAHEJIBIO MJIM OTPUIATEbHBINA 3apsiyi IPU TPEHUH Mac-
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nennbiM mresikoM. 0 Dty mecemoBanns GuLTH TpoosKeHs Moxamom Kapiom
Busbke (1732—1796), ko B 1757 romy omyGsimKOBaJ IEPBBLl TPHOOJIEKTPH-
geckmit pam:ll riamkoe crTekso, mepcThb, Mepbd, ApeBecuHa, Gymara, Cypryd,
GeJtblit BOCK, rpy0oe CTEKJIO, cepa W HEKOTOPbIE METaJLIbl, BKJII0Yasi CBUHEI. B
1759 Benxamun Busbcon (1721—1788) omybaukoBas Apyroii psij, BEPOITHO,
HOJTyueHbIi HezaBHCHMO OoT Bubke:'? ajmas, TypManmH, CTEKJI0, SHTapb. T

OBLIN TIEPBBIE, KOT/Ia~-TU00 OIyOJIUKOBAHHBIE TPUOOITEKTPUIECKUE PSIbI.

5.5 OamHAKOBO JIM1 YaCTO BO3HUKAIOT ITPUTSIYKe-
HUSI ¥ OTTAJIKUBaHUS?

OkcriepuMeHT 5.19

B paszpnesne 5.4 Mbl BujesIH, KakK 3apsUTh IJIACTHKOBYIO COJIOMKY ITOJIOXKU-
TeJBLHO U OTPHUIATETbHO. MBI 3apsizKaeM OJHY U3 9THX COJIOMUHOK OTPHUIATEILHO
TperueM u moBTopsieM dKcrepuMenT 4.10. To ecTb crepBa MbI Tporaem OyMazk-
HBI JUCK MASITHUKA MAJIbIAMHU. 3aT€M MbI IPUOINKAEM OTPUIATEIBHYIO CO-
JIOMKY K MasgTHUKY. ByMaKHBII IUCK IPUTATUBAETCS COJIOMKOM, KACAeTCH ee, a
3aTeM orTajkuBaercs ot Hee. Korma Mbr KacaeMcst OyMarkKHBII JIUCK ITAJIbIIAMH,
OH pas3psizKaeTcs. MbI MOYKEM 3aTeM TMOBTOPUTDH BCIO MPOIEIYPY.

Taxoif ke 9KCIIEPUMEHT CJIeIyeT ITPOBECTH C MOJIOKUTEIBHO 3aPSKEHHOM Co-
JioMkoit. Mbl HaunHAaEM C PA3PSIKU MAsITHUKA, IPUKPCHYBIIUCH K €10 Oy MayKHO-
My IJUCKY HaJsibliamu. Korga Mbl IOJHOCHM MOJIO2KUTEIBHYIO COJIOMKY K JIUCKY,
JIUCK TIPUTSATABAETCS COJIOMKOM, KacaeTcs ee, a 3aTeM OTTajkubaeTcs. Korma
MBI TpOTaeM OYMAasKHBIN JUCK, OH pa3psizKaeTcsi. 3aTeM MOXKHO ITOBTOPUTH BCIO

IIPOTIE/Ty PY.
OkcriepumenTt 5.20

Teneps MBI TPOBOIUM IKCIIEPUMEHTHI, AHAJIOIMIHBIE SKCIIEPUMEHTAM 5.1 u
5.15. Msr 3apsizkaem MasiTHUK [ orpunarebHo MeroioM [TK(O, Kak B oIbITax
4.7 u 5.19. Mbr 3apsizkaeM MasTHUK ] mojioxkuresibHO 110 Mexanusmy IITKO,
Kak B skcuepumenTe 5.20. MejieHHO TOMHOCHM OTPUIATETHLHYIO COJIOMKY K OT-
pHUIATEIBHO 3aPSKEHHOMY MAsiTHUKY [, Hab/IIO[asi OTTAJKABAHNE MASTHUKA.
3areM MOTHOCHM OTPUIATEBHYIO COJIOMKY K MOJIOKUTETHLHO 3aPSIyKEHHOMY Ma-
aruuky 11, ne momyckast koutakTa. Habsomaercsa nmpurskenne MasTHUKA. Mbr
Me/I[JIEHHO TIOHOCUM ITOJIOXKUTEIbHYIO COJIOMKY K ITOJIOXKUTEIBHO 3apPi?KEHHOMY
MasiTHUKY [, MasTHUK [PU 3TOM OTTAJKUBAaETCHA. 1ernepb MOJHOCUM IIOJIOKU-
TEJIbHYIO COJIOMKY OJIN3KO K OTPUIIATEBHO 3apsi>KeHHOMY MasTHUKY [, n3beras
KOHTaKTa. MasgTHUK NPpUTATUBAETCH COJIOMKOM.

OKkcrniepuMeHT 5.21

10[Can54].
11[Hei99, crp. 387—388].
12|Wil59] u [Hei99, crp. 387—388].
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Tenepb MBI IPOBO/IUM IKCIIEPUMEHTBI, aHAJIOI'HYHbIE 3KcIiepuMeHTy 4.8. Ma-
SITHUK OTPHUIATEIBHO 3apsizkeH MeToJoM [TK(O. YTobbl 3apsi/IuTh €ro oTpuiia-
TeJIbHO, HaTepTas BOJIOCAMH COJIOMKA ITOJHOCUTCH K MAasTHUKY, KaK B OIBITax
5.1 m 5.15. Kak T0o/1bKO OyMasKHBIN JUCK OTTAJKHABAETCS OT HATEPTON COJIOM-
KH, Mbl yOupaeMm coJIOMKy. Terepb Mbl MeJJIEHHO IIOJHOCHM IIaJjer OJIM3KO K
OyMaXKHOMY JIHCKY, He Kacasch ero. MasTHUK IPUTATUBAETCS MaJIbIEM.

Ty ke mpore/lypy TOBTOPSIEM C TIOJIOXKUTEJILHO 3aPSIKEHHBIM MASTHUKOM.
[TosroxkuTe/IbHBIN 3apsi/i MOXKHO MOJIYYUTh B PE3yJIbTaTe IIPUOJINKEHUST COJIOM-
KW, HATEPTONH MEXKJy ABYyMsl XKECTKUMU PE3MHOBBIMU ILJIAHTaMU, OJIU3KO K Heli-
TpaJibHOMY MasaTHUKY. llocite Toro, Kak OyMaKHBII JMCK OTTAJKUBAETCH OT
HATEPTON COJIOMKH, MBI YOMPaeM COJIOMKY. 3aTeM MEJJIEHHO OTHOCUM IAJIEl]
OJIM3KO K MAagTHUKY, HE Kacasch ero. MasgTHUK U B 3TOT pa3 NPUTATUBAETCSI
AJIBIIEM.

OxcrnepumenT 5.20 eIre pas MOKa3bIBAET, YTO OTPUIIATEIHHO 3apI>KEHHOE Te-
go I orranmkuBaer apyroe orpuraresbHo 3apsizkerroe Temo I1. To ke camoe
ITPOUCXOJIUT C JBYMSI TIOJIOXKUTENIHHO 3apsizKeHHbIMA Tejtamu. C JIpyToit CTOPOHBI,
ecyit Tesio | UMeeT OTPUIATENbHBIN 3aps, a Tesgo [1 3apsKeHo MOJ0KUTE b
HO, OHU IPUTITUBAIOT JApyT japyra.To ke camoe mpoucxoauT, ecau I 3apsi?KeHo
MMOJIOXKUTENIbHO, a I oTpunareabHO.

Takum 0o6pa3oM, MBI BHJIUM JIBa HPUTSKEHUs] W JIBa OTTAJKUBAHUSA. JTO
MOKeT 03HAYATDH, YTO ITU JIBA SIBJEHUS IPOUCXOJIAT OInHAKOBO YacTto. O HaKo,
KaK BUJIHO U3 9KCIIEPUMEHTOB 5.19 1 5.21, 3apsi?KeHHOe TeJI0 0OBIYHO IPUTATUBA-
eT HefITpaJbHOE TeJI0, HE3ABUCHMO OT TOT'0, 3aPSKEHO TeJIO IIOJIOXKUTEIBHO UJIN
oTpunarenbHo. U HeffTpaspHOE TeJI0, KaK HAI TaJIel], IPUTATHBAET HEe TOJILKO
MIOJIOYKUTEJILHOE TEJIO, HO U OTPUIATEIbHOE. DTO MOKA3BIBAET, UTO IPUTIKE-
HEe Topa3o H6osee PACIPOCTPAHEHHOE U OOBIMHOE SIBJIEHUE, Y€M OTTAJIKABAHUE,
baromapss ToMy GakTy, ITO OOJIBITUHCTBO TEJ HAXOAUTCS B MAKPOCKOTHUIECKU
HeATpaJIbHOM cocTosiHuU. Kora Mbl 3apsizkaeM OIIpeJIeIeHHOe TeJIo, OHO Oy/eT
CTPEMHUTHCS IIPUBJIEYb IIOYTH BCE TeJa BOKPYT HETO, XOTS 9TO NPUTIKEHUE MO-
2KeT ObITh HACTOJIBKO CJIAOBIM, YTO €r0 TPYIHO OOHADPYKUTH. 3apPIKEHHOE TEJIO
OyZeT OTTaJIKUBATD JIUIIH T€ TeJia, KOTOPbIE NMEIOT CYMMAPHBIN 3apsiI TOTO K€
3Haka. Ecym BTopoe Tesio nMeeT 3apsi ] IPOTUBOIIOJIOXKHOI'O 3HAKA C IEPBBIM, HJIH
€CJIM BTOPOE TEJIO SBJISIETCS HEHTPAJIbHBIM, MEXK/Iy HUMU OYIeT IPUTIKEHNE.

B zaksiodenne MOXKHO CKa3aTh, YTO 3TU IKCIEPUMEHTHI WJLTIOCTPUPYIOT TOT
dakT, ITO IJTEKTPUIECKOE IMPUTIKEeHNE DOJIee MPUBBITHOE SBJICHUE, I€M IJIEK-
TpUYECKoe OTTAaJKUBaHUe, TaK KaK OHO BCTpedaeTcsd ropas/io Jallle.

B paznene 7.10 MbI OyzieM 06CyKIaTh CHIIY B3aHMMOJEHCTBUASA MEXKIY JIBYMSI
TeJIaMH, 9JIEKTPU30BAHHBIMU 3aPsi/IAMU OJHOTO 3HAKA.
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5.6 IN3mMmeHeHme 3JIeKTPUYECKOIl CHUJIbI B 3aBHCH-
MOCTH OT PaCCTOSHUS

Co BpeMeHU TIPOBejIeHHsI CTapeiilero 9KCIepUMeHTa B JIEKTPOCTATHKE (IKCIe-
pument 2.1), 6bLIO U3BECTHO, YTO CUJIA MPUTIXKEHUS, OKA3BIBAEMOTO 3aPAZKEH-
HBIM TEJIOM Ha HEeDOJIBIOE JIETKOE TeJI0, 3aBUCHUT OT PACCTOSHUS MEXK Iy HuMu. B
KOHIIE KOHIIOB, TPUTSPKEHNE JIETKUX TeJI HATEPTHIM TEJIOM 3aMEeTHO JIUITH TOTIA,
KOIJIa PACCTOsTHUE MEXKy HUMH MaJjio. A KOIjia 9TO pacCTOsiHUE OYEHb BEJUKO,
[PUTsIZKEHIEe He TakK JIErKO O0HApyKUTh. 10 Ke caMoe IMPOUCXOIUT B IKCIIEPU-
MEHTaX ¢ BepcopumyMoM, Kak B 3kcrepumenTe 3.1. To ects Bepcopmym moBo-
padmBaeTcs K IUIACTUKY TOJIBKO TOTIA, KOTJA HATEPTHIN IJIACTUK MTOIHOCUTHCS
6m3ko K Hemy. To Ke caMoe MPOUCXOUT BO BCEX OCTATIBHBIX YKCIEPUMEHTAX,
OIMCAHHBIX 70 CHUX TOP, T.e. 3P PeKT HAOIIOMAETCI TOIBKO B TOM CIIydae, eCn
paccTosiHUe MeXKJIy B3aUMOIEHCTBYIONIMMEI TeJIaMUA MaJIo.

91 3HPeKTh MOKHO HADJIIOAATH TAKYKE B CJIydasiX IPUTIKEHNS U OTTA K-
BaHUsT MEXKJy 3apsi2KeHHbIMU Tejiamu. [IpomsumrocTpupyeM 31oT (HakT Ha IJIEK-
TPUYECKOM MAasITHUKE.

OKcriepuMeHT 5.22

DJIeKTpuUIecKuii MagTHUK [ 3apsikaercs orpuiiaresbHo 1mo meroxy ITKO,
Kak B ombiTax 5.1 m 5.15. BareM MbI ymajiseM OTPHUIATEBHYIO COJIOMKY, KOTO-
past 3apsauiia MasSTHAK Yepe3 KOHTAaKT. HuTh MasgTHUKA cpa3y BO3BPAIIAETCS K
BepTHuKaau. Mbl 3apsizKaeM IPYTryIO COJIOMKY IOJIOXKUTEILHO, HATEPEB €€ MEXK /Ly
JIBYMs YKECTKUMHU PE3WHOBBIMU IIJIAHTAMU. MBI MeJJICHHO TPUOJINKAEM I10JI0-
JKUTEJIbHYIO COJIOMKY K OTPHIATEILHOMY MAasTHUKY, n3beras KOHTaKTa, IOKa
He OOHAPYXKUM — [0 OTKJIOHEHUIO HUTH OT BEPTUKAIM — MPUTIKEHUE MEXKLY
HuMu. [opu3oHTATIbHAS COJIOMKA JOJKHA HAXOIUTHCH HA TOH Ke BBICOTE, YTO U
OyMarKHBII JIMCK, IPpU TPUOJIUKEHNN ee K JUCKY COOKY. MBI M€IJIEHHO COKpa-
II[aeM PACCTOTHUE MEXKIy OYMAaKHBIM JUCKOM M KOHYMKOM HATEPTOH COJIOMKH.
3aMeTuM, YTO YMEHBIIIEHNE TOIO PACCTOSTHUS YBEJIUIUBACT yIrOJl HAKJIOHA CO-
JIOMKH 110 OTHOIIeHnto K Beprukaan (Puc. 5.26). 910 cBHIETENBCTBYET O TOM,
9TO CUJIA PUTSKEHUS MEXKY JIEKTPUIECKU TPOTUBOIOJIOKHO 3aPAKEHHBIMU
TeJlaMU yBEJIUYIUBAETCs, KOTJA PACCTOAHUAE MEXKIY B3aUMOJIEHCTBYIOIIUME Te-
JlaMH YMEHbIIaeTCd. O Be/JIMYUHE CUJIbI B JTaHHOM 3KCII€PpUMEHTE MOXKHO CYJIUTH
IO yIUIy OTKJIOHEHHSI MasTHUKA OT BEPTUKAJIN.

dkcnepumeHT 5.23

DjIeKTpuYIecKuii MaATHUK | 3apsi?KeH oTpuiarebHo mo meroay ITKO, kak B
ombitax 5.1 u 5.15. Tlocsie 3To#t MpOIIEAYPHI, MBI YIAJIIeM OTPUIATEILHYIO CO-
JIOMKY, KOTOPasi 3apsi/Iujia ero depe3 KOHTAaKT. B 9Toil cuTyaruun HuTh MasgTHIKA,
BO3BpAIaeTCsd K BepTUKaau. Temepb MeIeHHO MPUOJINKAEM OTPHUIATETHHYIO
COJIOMKY K 3apS?KEHHOMY MASATHHUKY JI0 PACCTOSHHS, HA, KOTOPOM OTTAJKUABAHUE
HAYNHAET [POABIATH Ceds B OTKJIOHEHHHM MAATHHKA OT BEPTUKAJIN. COJIOMKA
JIOJIZKHA COXPAHATH NOPU30HTAJIBHOE IOJIOXKEHNE U HAXOJIUThCSI Ha TOM Ke BbI-
core, 9YTO U OYyMAaKHBII JIMCK, U CJIEAyeT MOIHOCUTH €€ K JIUCKY COOKY. 3arem
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Puc. 5.26: YmMenbIias paccTosHIE MEXK/Iy OTPUNATETHLHBIM OyMaXKHBIM JINCKOM
¥ TOJIOZKUTEIbHBIM KOHYMKOM HATEPTONH COJIOMKH, Mbl YBEJIMYNBAEM CUJLY ITPU-
TIKEHAT MEXK]Ty HUMU.

MBI M€/IJIEHHO YMEHBIITaeM PACCTOSHIE MEXKIy OyMaKHDBIM JTUCKOM U HATEPTHIM
KOHYUKOM COJIOMKHU. Korja 3To paccTosHne YMEHBITAeTCs, YTOJ HAKJIOHA HUTH
K BEPTHUKAJBHBIM YBEJUYINBAETCH, KaK MMoKa3ano Ha Puc. 5.27. U s3To cBueTeb-
cTByeT 00 YBEJIMYIEHUN CUJIBI OTTAJKUBAHUS C YMEHBIIIEHUEM PACCTOSTHUST MEXK LY
B3aNMOIEHCTBYIOIINME TETAMI.

B sToMm skcnepuMenTe He ceyeT MOJHOCUTH HATEPTYIO COJOMKY CJIHIITKOM
OJIM3KO K HA3JIEKTPU30BAHHOMY MAsSITHUKY. DTy IPEI0CTOPOKHOCTDL HEOOXOINMO
cobJTI0/TaTh 1O TOW MPUYHHE, IYTO B HEKOTOPBIX CUTYaIlNsAX MOYKET BO3ZHUKHYTH
[IPUTSYKEHUE MEXKJIy HUMU, €CJIM PACCTOSTHUE MEK /Ly HUMU CJIUIIKOM MaJjo. DTOT
BOIIPOC MBI Oy/IeT 00CyKJIaTh B pazzaese 7.10.

5.7 H3meHeHUe 3JEeKTPUIECKOIN CUJIbI C KOJIMYe-
CTBOM 3apsja

o cux mop Mbl He 0OpeMeHsH ceOst BOIIPOCOM, KAK M3MEPHUTh KOJUIECTBO IJIeK-
TpudecTBa (WM BEJIMYMHY JIEKTPUIECKOro 3apsizaa). OOGbIYHO 9TO jesaercs ¢
TIOMOIIBIO TIOHATHUS SJEKTPUIECKON CHUJIBI.

IMycrs A, B u C' — Tpu Teja, pazMepbl KOTOPBIX MAJBI 10 CPABHEHUIO C
paccTosgHrueM MeXKIy HUMH. byzem cuurarbh, 9To Tena A n B 3j1eKTpu3oBaHbl
(rpenuem, niau 1o mexanusmy ITKO). Mbl HasbiBaeM Faco cuoit Mexay A u
C, Korja OHU HAXOMATCHA Ha PACCTOAHUU d JIpyTr OT Jpyra, a Tejo B Haxomurcs
JTAJIEKO OT 3TUX JBYX Tejl. Mbl HazeiBaeM Fpo cuioit mexxny B u C| korja 3tu
TeJla pas3iesieHbl pacCcTosHneM d, a A HaXOIUTCs JAJIeKO OT HUX.

Onpenenenusi: Mbl roBopuM, 4TO BeJMYMHA 3apsija A paBHa BeJIMYMHE
sapsana B, korna Fac = Fpe. Ecin Fac 6oabine, yeM Fpe, MBI TOBOPUM, YTO
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Puc. 5.27: YMenbmas paccTosgHne MeXKIy OTPUNATETbHBIM OyMayKHBIM THCKOM
¥ OTPHUIATETHHBIM KOHIYNKOM HATEPTON COJTOMKH, MBI YBEJIMYINBAEM CHJIY OTTAJI-
KUBAaHUS MEXK/y HUMHU.

BeJIMYnHA 3apsaa A Gosblne, yem Beanmunna 3apsaga B. Eciu Fac Menbie, yem
Fgc, MBI rOBOpUM, YTO BeJIMYUHA 3apsaa A MeHblle, ueM BeJUYnHa 3apsaia B.

MHTEHCUBHOCTD CHJIBI MOXKHO MU3MEPUTH PA3JIMYHBIME CIIOCODaMU. 31€Ch MbI
PacCMOTPHUM CUTYAIIUU, KOT/Ia PACCTOsIHUA (pUKCHpOBaHbl. B skcepumente 2.1,
HampuMep, YeM 0oJibllle KyCOYKOB OyMarm coOMpaeT COJIOMKA, TeM OOJIBIIYIO
CHJIy OHA OKAa3bIBaeT Ha HUX. B sKkcnepmmenTe 2.8 MHTEHCUBHOCTH CHJIBI BU/I-
Ha 10 KPHUBU3HE II3J[AIOIEr0 II0TOKA YKUJKOCTH. B skcnepumente 4.1 Ha WH-
TEHCUBHOCTh CHUJIbI YKAa3bIBAET yIOJI PACKPBITUSI MEXKJy HAJIEKTPHU30BaHHBIMU
IUTACTUKOBBIMY TIOJIOCKAME. B OIBbITaX C 3JIEKTPUYECKUM MASITHUKOM, KaK B 9KC-
nepumMenTe 4.5, 00 HHTEHCUBHOCTU CHJIBI MOYKHO CYIHUTD 110 BEJIUINHE YTJIA MEXK-
Iy MasgTHUKOM U BEPTHKAJBIO. B 9KCIeprMeHTax ¢ MAagTHUKOBOI IIACTUKOBOMI
HUATBIO, YIOJI PACKPBITHS MEXK/Iy IJIACTUKOBBIMHU IIOJIOCKAMHU YKa3bIBA€T HA MH-
TEHCHUBHOCTBH CHJIbI, KaK B 3KcriepumenTe 5.11.

Hanpumep, n3 IByX 3J€KTPU30BAHHBIX IJIACTUKOBBIX COJIOMOK A u B, 6ojee
JIEKTPU30BAHHON SIBJISIETCS Ta COJIOMKA, KOTODasi, HA TOM K€ PAaCCTOSTHUU OT
CTOJIA WJIA OT TAJIAIOIIEr0 MOTOKA YKUJIKOCTH, IIPUBJIEKAET HOJIbINE KYCOIKOB Oy-
MAaru, Wid IPUBOAUT K GOJIbIIE KPUBU3HE T IAI0IIEro NoToKa kuakoctu (Puc.
5.28). Posb Tesa C' B 9TOM cilydae uUrpaer KyCco4eK OyMard WUJM IOTOK BOIBI.
Haubosee smekTpr3oBanHas COIOMKA OyJI€T TaKKe, IPU OJIMHAKOBOM DPAaCCTOsI-
HUU OT 9JIEKTPUIECKOTO MAasTHUKA, BBI3BIBATH OOJIbIIIEE OTKJIOHEHNE MAsITHUKA,
OT BepTHKaJU. Takoe Ke OIpe/ieJIeHne MOXKHO IPUMEHUTh U K JPYTUM OIUCAH-
HBIM B 9TOIl KHUT€ SKCIEPUMEHTAM.

B paznesne 5.6 MbI Buziesin, 9TO UHTEHCUBHOCTD CHUJIbI BO3PACTAET, KOTJA Pac-
CTOsIHUE MEXK/Iy B3aUMOJIEHCTBYIOMIUMH TEJIAMHU YMEHBIIAETC. DTO IMOJICKA3bI-
BAaeT JIPYTYIO CXEeMY JIJIsi M3MepeHus djiekTpusarun tena. [lo aroit cxeme, o Be-
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Puc. 5.28: Cosomku A u B HaxomdTcs Ha OJMHAKOBOM PAaCCTOSIHUU OT CTOJIA.
MBI 3aKJII09a€M, YTO COJIOMKA A Ha3JIEKTpU30BaHa B OOJIbIIEH cTernenn, yeM B,
IMOCKOJIbKY OHA IPUTSTUBAET DOJIbIIIEe KYCOYKOB OyMaru.

JITYUHE 3apsijia Tejla MOXKHO CYIUTH 110 PACCTOSHUIO, Ha KOTOPOM €I0 3JIEKTPH-
yeckasl cusia cosfaer BUauMbI 3ddexT. Hanpumep, mpeanonoKuM, 9To y Hac
€CTh JIBE 3JIEKTPU30BAHHBIE ILJIACTUKOBLIE cosloMku A m B ogaoro pasmepa. o-
mycTuM, A HaYMHAET NMPUBJIEKATH OYMAXKKW HA PACCTOSHUM 15 CM OT CTOJA, B
TO BpeMd Kak Jisg B 3TO NpUTHAKEHnEe HAYUHAETCS TOJBKO TOTJA, KOTJa OHA
HAXOJIUTC HA PACCTOSHUM 5 CM OT CTOJIA. B 9TOM CJlydae MbI FOBOPHM, 4TO A
aJ1IeKTpu30BaHa 6osbiie, yeM B, To ecTb A mMmeeT GOJIbIIEe KOJIMIECTBO IJICK-
Tpudeckoro 3apsia, yem B (Puc. 5.29).
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Puc. 5.29: cosiomka A 3jiekTpu3oBaHa B OOJIbIIEl CTeleHn, 4eM CoJloMKa B, ubo
OHA HAYMHAET [IPUBJIEKATH OYMarXKKu Ha OOJIBIIIEM PACCTOSTHUM OT CTOJIA.

Hpyrue 3bdeKThl TakzKe HAYHYT HAOJIONATHCS WM OOHAPYKUBATHCsl Ha
GoabiieM paccrosgaun st A, dem gy B. Hanpumep, mpomycrum, 9to tesio A
BBI3bIBAET UCKDUBJIEHUE IIOTOKA HAJAMONIEHl BOAbI (MM SJEKTPUIECKOTO MasiT-
HUKA), KOIJIa OHO HAXOJWUTCH HA PACCTOSHUM di OT IAJAIONIEH BOJABI (MM MasiT-
uuka). st Tesia B cOOTBETCTBYIOIIEE pAaccTostHie IycTh Oyer pasHo do. Ecin
Teao0 A Ha’IeKTpu30BaHo Goablre, yeM B, To di > ds.

B urore, 110 ompejiesieHnIO, JIEKTPUYECKAs CUJIa BO3PACTAET C KOJIUIECTBOM
3apsiia.
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IIpoBesieM Tenepb HECKOJIBKO MPOCTHIX, HO HETPUBUAJIBHBIX 9KCIIEPUMEHTOB.
DkcnepumeHt 5.24

Mpb1 6epeM JiBe ILJIACTUKOBBIE COJIOMKH, HA3JIEKTPU30BAHHbIE TPeHHEM. Pas-
MeIIAaeM OHY M3 HUX FOPU30HTAJBHO, MTaPAJLIEIbHO TOBEPXHOCTH CTOJIA, C MHO-
2KECTBOM Kycodkamu Oymaru Ha croje. [lomoxxum, ona mnpubjiekaer N Kycod-
KOB OyMaru, HaXo/IsiICh HA paccTodHuu d OT crosa. lIpeamnosoxkum, 910 BTOpas
JIEKTPU30BAHHAST COJIOMKA, TAKKe IIPUBJIEKAET OKOJIO0 N KyCOYKOB OyMaru, Ko-
rJla OHA HaXOJMTCs HA TOM Ke paccTosHuu d oT croJia. Ilo ompenesienuto u3
MPEJbIIYIIero pasmuesia 5.7, Mbl IIPUXOIUM K BBIBOIY, YTO OHU MMEIOT OIUHAKO-
BO€ KOJIMYECTBO 3aPsifIa.

3areM MBI yIaajseM COJIOMKH TMOHAJIbINe OT crosia. MBI coemnuseM nx OOK
0 60K, B TOPU30HTAJIBLHOM TMOJIOXKeHnH. MbI Tpubm:KaeM uxX Kak OJHO IeJioe K
CTOJTy, TIOKA OHH HE OKaXKyTCsI HA TOM K€ PACCTOSHUU d OT CTOJIA, 9TO W PAHBIIIE.
3aMeTuM, YTO BMECTE OHU IIPUBJIEKAIOT DOJIbIIIEe KOJIMYECTBO KYCOYKOB OyMar,
qeM KaxkJiast [0 OTIeTbHOCTH.

Korma Mpr 06bequHseM Tpu WJIN I€THIPE OIMHAKOBBIE HAJIEKTPU30BAHHBIE
COJIOMKH, KOJIMIECTBO MMPUBJIEICHHBIX KYCOYKOB OyMaru Ha TOM YK€ PacCTOSTHUN
OT CTOJI& YBEJUIUBACTCS.

Okcnepument 5.25

HasaiiTe TIpeJICTABAM, 9TO y HAC €CTh JBE MJIACTUKOBBIE COJIOMKH, KOTOPBIE
ObLIM PABHOMEDHO HAJEKTPH30BAHBI TPEHHWEM MO Beeil mx jymmue. [Ipeanoso-
JKHM, 9TO OHHM HMEIOT NPUOIU3UTENHHO OJMHAKOBBIE JIEKTPUYECKUE 3apsIpl,
COTJTACHO TIPEJIBILYIIEMY OTIPe/IeTeHIIO. Vbl 3apszKaeM 3IeKTPUIECKHIT MasSATHIK
merozoM [IKO, IpuBosis ero B KOHTAKT C OJ(HOIT U3 9JIEKTPU30BAHHBIX COJIOMOK.
[Tocyie 3TO# MpOIELYPbl, MAATHAK HAYUHAET OTTAJKUBATHCH OT COJOMKH. MbI
YAQJIAEM COJIOMKY, W 3JIEKTPU30BAHHBIN MAFTHUK BO3BPAINAETCA B BEPTUKAJb-
HOe Tos1o2KeHre. Mpbl pasMeniaeM COJIOMKY TOPM30HTAJBHO Ha TOH 7K€ BBICOTE,
9TO M JUCK MAsTHHUKA. 1IPEJIIoNoKIM, 9T0 MAsTHUK HAKJIOHEH 1107 yIJIoM 6 K
BEPTHUKAJIN, KOI/[a OJMKANIINI KOHIMK COJOMKHM HAXOAUTCS HA PACCTOSHUA d
OT BEPTHKAJBHON MPOEKIINHU, TPOXOJIAIIEH Y€Pe3 TOUKY MOJIBECA MAATHHUKA, KaK
nokasano Ha Puc. 5.30 (a).

Mpbr 06beIMHESEM BE HATEPTHIE COJOMKH M PA3MEIIAEM HX Ha TAKOM K€ Pac-
CTOSTHAY d OT 3aPSAZKEHHOTO YJIEKTPHIECKOTO MAATHAKA. 3AMETHM, ITO MAATHUK
OTKJIOHSIETCSL OT BEPTHKAIN Ha YroJ, Gosbinmii dem 6, Kak mokasaHo Ha Puc.
5.30 (b). DroT KCIEpUMEHTAIBHBL (DAKT, BMECTE € IIPEIbLIYIIIM OIPe/eIIeH -
€M, TIOKa3bIBAET, YTO JIBA OJIMHAKOBO 3aPS’KEHHBIX TEJIa NPU UX O0bLEIMHEHUH
UMeIOT GONBINMI 3apsijl, 9€M KazKJIbIi U3 9TUX TeJI B OTJIECIBHOCTH.

Korna Mbr 06beIMHsIEM TPH OJJTHAKOBO 3aPAZKEHHBIE COJIOMKH, 3aMETUM, ITO
YTOJI HAKJIOHA MAsTHUKA YBEJIMIUBACTCA eIe GoJiblle. DTO yKA3bIBAET HA JO-
HOJIHUTEJIBHOE YBeJINIeHNe CHJIbL.

Or[pe,zte.neHI/Ie: Ot Ha6.J'IIOIL€HI/IH ITO3BOJIAIOT JJaTh HOBOE OIIpe/IeJIeHne. Hpe,zL—
IIOJIO2KHM, Y HaC €CTh N TeJI, OAUHAKOBO HA3JICKTPU30BaHHBIX 3apsdJ1aMU OJHOTO
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Puc. 5.30: (a) Cuia, oka3biBaeMasl 3apszKEHHOl COJIOMKOI Ha 3apsi?KeHHbI Ma-
SITHUK, MeHbIe, YeM (b) cuia, meficTByIOmas Ha TOT YKe MAsTHUK CO CTOPOHBI
JIBYX OJIMHAKOBO 3aPs2KEHHBIX COJIOMIHOK Ha, TOM K€ PACCTOSHUU OT BEPTUKAJIN,
MIPOXOIATIEH Yepe3 TOUKY MOBeCa HUTHU.

u TOTO ke 3HaKa. [Ipeamoaokum, 910 Mbl OObeUHUIN Bee 3T N 3apsi?KeHHbIE
Tena B eauHOe Tesioe. KonmdaecTBo 3apsijia 9TOro OO0beIMHEHHOTO O00bEKTa MbI
ompejiesisieM Kak N KpPaTHYIO0 CyMMY 3apsijia OJHOIO Tejia.

XoTst 3TO 0YEHD [IPOCTOE OIPEJIETICHIEe, OHO HE SIBJISI€TCS TPUBAAIBHBIM. [1po-
WIIOCTPUPYEM 5TO Ha MpPHUMepe. Y POBEHb PTYTHOI'O TEPMOMETPa MOXKHO IPHU-
HSTH 110 OIPEJIEJICHII0 KaK WHINKATODP TeMIIepaTyphl Teja. Hamnpumep, Mbl MO-
JKeM CYUTATh, 9TO JiBa Teja A U B MMeT OJMHAKOBYIO TEMIEPATYDPY, €CJIu
YPOBEHBb ITOTO TEPMOMETPA MPU KOHTaKTe ¢ A paBeH YPOBHIO TOTO YK€ TEPMO-
Merpa upu Konrakre ¢ B. Eciu yposenb Tepmomerpa Bbliiie (Huzke) st A, 1eMm
st B, MBI roopuM, 9T0 A mMeeT 6osiee BBICOKYIO (HU3KYIO) TEMIIEPATYPY, YeM
B. Tem He MeHee, TPOCTOM IKCHEPUMEHT IMOKA3BIBAET, UTO, €CJIH Mbl O0'be IMHIM
JaBa rejia A u B, Tak 4ToObI OHU KacaJjuch JAPYT JApyra, ypOBEeHb TEPMOMETDA HE
U3MEHUTCsI. BBUy MOMOOHBIX 9KCIIEPUMEHTOB, MBI HE OIPEIEIIEeMT TEMIIEPATY-
py caoxuoro tesa AB (to ecrb Tena A u B B KOHTaKTe IPYr € APYroM) Kak
VJIBOEHHYIO TeMIieparypy teja A.

Yro KacaeTcsi BECOB U 3JIEKTPUIECKUX 3aPsiJIOB, MHOIME SKCIIEPUMEHTHI I10-
Ka3bIBAIOT, 9TO, KOTJa Mbl OObeuHsieM [N TeJi, KOTOpbIe 00JIaIaf0T OJIHUM U TEM
2K€ CBOWCTBOM, IPABUTAIIMOHHBIE U JIeKTprdecKue 3((HeKThI, BBI3bIBAEMbIE ITH-
vu N temamu OyayT Oosibire, deM 3hdEKT, TPOU3BOIUMBIN OMHIM U3 ITUX TEJI.
DKCIEPUMEHTHI, OJOOHBIE STUM, MPUBOJAT K JAHHOMY BBIIIE OIIPEIEJIEHUIO.
Jlpyrumu cjioBamMu, pa3yMHOCTh IIPEJIBIIYIIEro OIpee/IeHns OCHOBAHa MMEHHO
Ha [OJOOHOTO POJIA IKCIEPUMEHTAX.

OKcriepuMeHT 5.26

Mpb1 cBsI3BIBaEM KOHITHI JIBYX KYCKOB IIJIACTHUKOBOI COJIOMKH, NMEIOIINX OJ[H-
HaKOBYIO JJINHY U MacCy, HeOOJIBINOiI 1eIKoBOil HUThI0. MbI MOXKeM cies1aTh aBe
WK TPU Takue mapbl. MbI TpeM KaKJIyIO Tapy O BOJIOCHI, HO JJIs OJTHOM ITapbl
TPeHMe OCYIIEeCTBJIsieTcs 0oJiee OBICTPHIMU U WHTEHCUBHBIMU JBUXKEHUSIMU, IEM
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2t apyroit. Kora Mbl OIHOCHM KaXK/y1o 13 9TUX Hap GIM3KO0 K OTPHUIATEILHO
3aPAKEHHOMY MadTHUKY, Mbl BU/JHUM, 9TO KazK/lad U3 HUX OTKJIOHAET MadTHUK
Ha OTJIMYHBIH OT JPYTUX YIOJI, JIasKe KOIJia OHU HAXOMASTCS Ha OJMHAKOBOM Dac-
CTOSIHUM OT BEPTUKAJIH, IPOXOJAIIEH Yepe3 TOUKY [0/IBeCa HUTH MasATHUKA. DTO
FOBOPUT O TOM, YTO IAPBI HOJIYUHIN PA3JIMIHbIE KOJMIECTBA JIEKTPUICCKOTO
sapsga (Puc. 5.31).

(a) N

@ L

(b) -
@ s

Puc. 5.31: Tesa, umeromiue pasuoe KoaudecTso 3apsiios. [Lnacruku B (b) umeror
GOJIBIIHIL JIEKTPUIECKHIL 3aps/T, YeM IUIACTUKA B (a).

Kaxxnas mapa Torjga MOXKeT BHUCETH Ha CBS3BIBAIOIIEIl COJIOMKHU IIEJIKOBOM
HUTH, IEPEKAHYTON Yepe3 FOPU30HTAJNBHYIO Olopy (HanpuMep, Kapasjai). 3a-
MEeTHUM, YTO COJIOMKH He OCTaIOTCS B BEPTUKAJILHOM IIOJI02KEHUNU, [IOCKOJIbKY OHU
OTTAJKUBAIOT JPYT Jpyra. Kpome Toro, mapa, KOTopasi OTTAJIKABAET 3aPsiKEeH-
HBIM MAsgTHUK C OOJIBINEl CUITOH, M €CTh UMEHHO Ta TTapa, /I KOTOPO IBa KyCKa,
COJIOMKH OTKJIOHSTIOTCsI GoutbIne or Beprukasn (Puc. 5.32). TTockoabKy cOMoMKI
BCEX IIap UMEIOT OJIMHAKOBBIIl BeC, 3TO €lle pa3 IOKa3blBaeT: yBeJInduBasd 3a-
P, KOTOPBIl OHU COJEP2KaT, Mbl T€M CaMbIM IIOBBIIIAEM JIEKTPUUECKYIO CUILY
MeK/Ty HUMU.

0 \ >

(a)

Puc. 5.32: VBenuuuBass KOJMYECTBO 3apsjia B KaXKJOW Hape COJIOMUHOK, MBI
YBEJIMYUBAEM CHJIY MEXK/Iy 3aps?KEHHBIMH COJIOMKaMU KaXKJIOil Iaphl.
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I'maBa 6

HpOBO,Z[HI/IKI/I N N30JIATOPbI

6.1 DaekTpocKon

Mps1 yrke OCTPOMIIN BEPCOPUYM U SJIEKTPUIECKUI MagTHUK. Ternepb HAM IIpe/-
CTOUT TIOCTPOUTB €Il OJINH UHCTPYMEHT — aaekmpockon. CyIiecTByeT HeCKOJIb-
KO Pa3HOBHJIHOCTEH 3JIEKTPOCKOIA, 3/1€Ch OYJLyT IIPE/ICTABJIEHBI TOJIHKO HEKOTO-
pble u3 HuUX. BepcopuyM U 3/IeKTPUYIECKHII MAsiTHUK WHOTA HA3BIBAIOT TAKXKe
3JIEKTPOCKOIIOM, ITOCKOJIBKY OHHU 00a YKa3bIBAIOT HA IPHUCYTCTBUE 3aPIKEHHBIX
Tes psaaoM ¢ aumu. Ho B 970l KHUTe MBI OCTaBJISIEM UM JIEKTPOCKOIL 38 OITACAH-
HBIM B JIAHHOM pa3/jiejle NHCTPYMEHTOM; MbI TaK>Ke 00CYIUM CBOICTBA, KOTOPbIE
OTJINYAIOT €r0 OT IIPEJIBLIYIIINX UHCTPYMEHTOB.

Moienib, M3rOTOB/IEHHAS U3 TOHKOI'O KAPTOHA, SIBJISIETCS IMOXKAJIYH CcaMoii
MIPOCTOI U3 BCEX BO3MOXKHBIX Mojiesieil. Mbl BbIpe3aeM MpsiMOYTOJIBHUK CO CTO-
ponamu 7 u 10 cM, [JIMHHAS CTOPOHA [IPH 9TOM PACIIOJIOKEeHA BepTUKaJIbHO (Puc.
6.1 u 6.2). Mbl npukperuisieM IpsAMOYIOJIbHUK K IIJIACTUKOBOM COJIOMKE C IIOMO-
b0 cKoTYa. JleHTa cKoTYa JI02KHA ObITh IIPUKJEeHa K 3aJHEell CTOPOHE IIpsi-
MOYTOJIbHUKA, HE BBIXO/IsI 38 PAMKH IIPSIMOYTOJIbHUKA. BEePXHMIT KOHEI COJIOMKHI
JOJIPKEeH IJIOTHO IIPHUJIETaTh K BEPXHEMY KPAaio MPSAMOYTOJbHUKA, He BBIXOS 38
€ro paMKi.

Mpb1 BeIpe3aeM HeOOJIBIIYIO IIOJIOCKY TOHKO# Oymaru, or 1 g0 3 MM B IIu-
puny u or 6 10 9 cM B jymHY. DddEKTH, KOTOPbIE OYIYT OMUCAHBI B 3TOM
raBe, jerde HabJIIOATh C UCIOJb30BAHNEM OY€Hb TOHKOM U JIETKOMl ITOJIOCKH.
MozkHO UCIOIB30BATh OyMary, KOToOpas yIoTpPedJIsieTCs IPU N3TOTOBJIEHUN BO3-
IYUIHBIX 3Mel UiIn JJ1s 00ePTKY XPYIKUX IMOAapPKOB. MBI IpUKJIenBaeM BEPXHUN
KOHEIT 9TO} IIOJIOCKH K CepeJInHE IIPSIMOYTOJIbHIKA B BepxHeil ero yactu. [losoc-
Ka He JIOJKHA ObITh CJIOXKEHA, U He JIOJIXKHA BBIXOJUTH 38 IIPEJe/bl HIKHEro
Kpast TpMOYTOJIbHUKA. MOXKHO HCIIOIb30BATH TaKKe HEOOJIBIION KYCOU€eK JIUII-
KOI1 JIEHTBI BMECTO KJIesi, IPU YCJOBUHU, UTO JIEHTA HE BBIXOAWUT 33 PAMKU Kpas
MIPSIMOYTOJIbHUKA.

O1opy 3JIEKTPOCKOIIA MBI MOXKEM IIPUTOTOBUTDH TaK, KaK 9TO OBLIO CIEJIAHO B
pazgesie 4.4. Ouenv 8asHcHo, WMobbvl INEKMPOCKON UMEA NAGCTIUKOBYIO COAOMKY
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Kanna Kknea

BN
——>  TOHKMNI1 KapTOH

No/sI0CKa NanuMpocHom
bymaru

-% NNacTMkoBaAa CO/IOMKa

onopa

Puc. 6.1: DurekTpockon ¢ JUIEBO# CTOPOHBI.

=

Puc. 6.2: (a) Bux ssexrpockona crepenn. (b) Bun czamu. (¢) Bug c6oky.

8 Kauecmse onopov. 0as Kapmora. 1o ecTb KApTOH He JIOJIYKEeH ObITh IPUKPEILIEH,
HaIpUMEDP, K JEPEBIHHON WU METAJLUIMIECKON mimazkke. II1acTukoBast cCOIOMKa
3aTeM pa3MeIaeTcs HaJl CKPENKOW Omopbl. ECanm mpsaMOYyTOJbHUK HE OCTAETCS
B BEPTUKAJIBHON IJIOCKOCTH, MOYKHO MCIOJIB30BaTh JBE COJIOMKH, OJHA BHYTDH
APYTroii, YTOOBI yBEJUYIUTH KECTKOCTb KOHCTPYKIuu. B paszmese 6.5 Mbl mpej-
CTaBUM OCHOBHBIE KOMIIOHEHTBI 3JIEKTPOCKOIIA, KaK ITOT, IOCJE BBIIOJTHEHUS
HECKOJIbKUX dKCIEPUMEHTOB C 3TUM JIEKTPOCKOIIOM.

Mo2KHO TIPEJIJIOKATD U IPYTHe, AJTbTEPHATUBHBIE MOJEIH JJIEKTPOCKOA. MbI
MOKEM ITOKPBITh TOHKHUI IMPSIMOYTOJBHBIN KapTOH aJIOMUHNEBOH (hoabroit, a
BMECTO HAIIMPOCHOI OyMaru, Mbl MOXKEM HCIIOJIb30BaTh AJIOMUHUEBYIO (DOIBLY.
Kpowme Toro, BMecTo npuKIeUBaHUs TAITMPOCHON OyMaru mjin TPUKPEIJICHus ee
C TIOMOIIBIO KJIEHKOIN JIEHTBI, MBI MOXKeM TaKzKe HMCIIOJIb30BaTh MaJICHbKUN Me-
TAJINIECKNT KPIOYOK, MIPUKPEIIEHHBIH K TPAMOYTOJbHAKY. 3aT€M MBI JIe/TaeM
HEOOJIBIITOE OTBEPCTHE C IIOMOIIBIO UIJVIBI B BEPXHEN YACTU IOJIOCH U IIPOJIEBAEM
KPIOYOK 4epe3 Hero. IIpsMoyrosbHuKE MOTYT OBITH IPYIUX Pa3sMepoB — 2 Ha
8 cm, nampumep. Paszmepnr 7 Ha 10 cM BeIOpaHbl HaMU JJjIs y/I00CTBA, TIPOBEIE-
HUSI HEKOTOPBIX U3 OIUCAHHBIX B JIAHHON paboTe SKCIIEPUMEHTOB C yIE€TOM TOIO,
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9TO 7 CM HEMHOT'O IPEBLIIIAET JUAMETD IJIACTUKOBOIO CTAKAHYMKA I KOde,
HCIIOJIb3YEMOT'O 3JIeCh B KQUeCTBe OIIOPBHI.

HexkoTopbie 3/1eKTPOCKOIBI UMEIOT BEPXHIOIO KPBIIIKY, XOTs 9TO BOBCE He
00s13aTeJIbHO JIJTsI YCIIEITHOTO TIPOBEIEHUsT OOJIBITIMHCTBA OMUCAHHBIX 3/1€Ch IKC-
nepuMeHTOB. Kak mpaBujio, 3Ta KpBIIIKa [IPeICTaB/IsieT cOO0il JUCK U3 TOHKOTO
KapTOHA C JIMAMETPOM, PABHBIM CTOPOHE IIPSMOYTOJIbHUKA (B HAIIEM MPUMEPE
9TO JUCK C JuaMeTpoM 7 ¢M). Mbl Tak:Ke MOXKET HOKPBITH 9TOT BEPXHUI JUCK
AJTIOMUHUEBOM (POJIBroif, HO 9TO TOXkKe He 00sg3aTeabHO. BepxHuil AucK MOXK-
HO IPUKPENNUTDH K IIPSMOYTOJIBHUKY HeCKoJbKuMU criocobamu. (a) ITpocreiimmit
CIocob COCTOMT B TOM, YTOOBI CJIOKHUTH BEPXHIOIO ITOJIOCKY B MOPU30HTAJIBHBII
npsiMoyrosibHUK (mupuroit 0,5 win 1 cM, u jymHON 7 cM). 3areM JUCK HAJO
IPUKJIEUTh K 3T0i 1osiocke. (b) JIpyroit ¢rocob KpelvieHns BEPXHEro JUCKa —
cnenatb orBepcTre B ero renTpe. OqHa HOTa CKPENKM MTPOXOAUT BEPTUKAJIBLHO
gepes3 3TO OTBEPCTHE W MPUKPEIJIEH K BHYTPEHHEH CTOPOHE BEPTUKAILHON ILIa-
CTHUKOBOI COJIOMKH, TIOJJIEPKUBAIONIEH TPSIMOYTOJIBHUK. Bropast Hora cKpernkn
JIOJIZKHA PAaCIIOJIaraThbCs TOPU30HTAJIBHO B OOXOJ JUCKA, M KPEINUThCsS BHYTPU
BTOPOI'O OTBEPCTHsI, CJAEJAHHOIO B JMCKE B COOTBETCTBYIOIIEM MECTE.

DJIEKTPOCKOII, ONMCaHHbI Ha Puc. 6.2, cocrouT M3 OMHON OABUXKHON I10-
JIOCBI, C TIPUKPEIICHHBIM K OTOpEe MPsIMOYTOJIBHUKOM. JIpyrasi pacmpocTpaHeH-
Hasl MOJIEJIb JIEKTPOCKOIIA UMEET JIBe MOOUIbHBIE TIOJIOCHI, WJIN JBAa MOOUJIBHBIX
gucTa. VIMEHHO 3Ta MOJETb IMpeACcTaBIeHa B OOIBITHHCTBE YIEOHUKOB 110 JIeK-
TpudecTBy. CaMblii IPOCTOl CrOCOO MPUIOTOBJIEHUS TAKOTO IJIEKTPOCKOIA, —
CKJIEUTDb BEPXHUE KOHIIHI JBYX MOJIOC TTAITUPOCHON OyMaru y HU2KHETro Kpas Mpsi-
moyrosibauka. Ha Puc. 6.3 uzobpazken mogo0HbIi stekTpockon. U 371ech Toxe
TOHKUU KapTOHHBIN NPAMOYTOJIBHUK IIPUKPEIJIeH K MJIaCTUKOBOI COJIOMKE JIBY-
MsI KyCKaMU KJIeHKO#l JIeHTHI Ha ero 3agHelt cropore. Ha neBoit HukHel dacTn
9JIEKTPOCKOIIA Mbl CKJIESIJIM BEPXHUE KOHIIBL JIBYX II0JIOC U3 TOHKOI Gymaru (win
JIByX TOHKHUX II0JIOC U3 AJIOMUHHEBOH (osbru). OHU JOIKHBI IMETh OJIHAKO-
BYIO JIJIMHY, & UX HUKHHME KOHITBI JIOJI?KHBI CBOOOTHO Pa3aBUTATBCs. MBI MOKeEM
Ha3BaTh 3TY MOJIETb KAACCUMECKUM daekmpockonom. 1lpn KeraHnm, MbI MOYKEM
TaKKe IPUKJIEUTH ellle HECKOJIBKO IIap I0JIOC BAOJIb HU?KHET0 Kpad IPAMOYTOJIb-
HUKA.

)
(@ (b) ©

Puc. 6.3: (a) Kiaccuuecknii asekTpockon ¢ aunesoil croponst. (b) Buy czann.
(¢) Bug cboky, ¢ n300pazkeHreM JIMIIb TOHKOIO KAPTOHA U JIBYX MOJIOC.
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MoOXKHO TakzXKe CJIeJIaTh KJIACCHIECKUIT JIEKTPOCKOII, CJIOKUB IIPOCTO OJIHY
[IOJIOCKY TOHKON OyMarm B CepejrHe. 3aTeM MbI BEIIaeM CJIOXKEHHYIO ITOJIOCKY
Ha, KECTKYI0 TOPU30HTAJIBLHYIO OIIOPY, HAIIPUMED, U3 METAJIJINIECKO TPOBOJIOKH.
JlBe OJIOBUHKY ITOJIOCKHI TOT/A OYIyT BUCETh OOK O OOK, a MX HUZKHHUE KOHIIBI MO-
ryT CBOOOMIHO Pa3BUTATHCS. MeTaTmdecKuii IPOBO/T TOJI2KEH T0/IEPKUBATHCS
IJIACTUKOBBIMU COJIOMKAMU CHU3Y, VI TIEJTKOBBIMU HUTSIMU CBEPXY.

Camast U3bICKAHHAST MOJIEJTh KJIACCHIECKOTO 3JIEKTPOCKOIIA M3rOTABINBACTCS
C IPUMEHEHUEM JIBYX 30JIOTHIX JUCTOYKOB. OOBIYHO TAKON 3JIEKTPOCKOI OKPY-
2KEH CTEKJISTHHON KPBIIIKOM JIJTsT IPEJOTBPAIEHUs] BO3SMYIIEHU, BEI3BAHHBIX I10-
TOKAMU BO3JLyXa.

6.2 DKCHepMMEeHTHI C 3JIEKTPOCKOIIOM

Okcnepument 6.1

MpbI TpeM IJIACTHKOBYIO COJIOMKY O BOJIOCHI, I MEJJIEHHO TIOIHOCUM ee OJTr3-
KO K BEpXHEH YacTh 3JIEKTPOCKOIA, He mpukacasich K Hemy. [losoca orxomur
oT 3jeKTpockona. Ilpu ymameHnu cOIOMKH, IOJIOCA BO3BPAIAETCSA B MUCXOIHOE
BEPTUKAJILHOE MOJIOKEHNE BJIOJIb TOHKOrO Kaprona (Puc. 6.4).

(2) (b) (©)

Puc. 6.4: (a) u (b): Korma Mbl I0JHOCHM 3aps?KEHHBIH ILJIACTUK K 3JIEKTPOCKOILY,
He KacascCh ero, noJjocka noguumaercd. (¢) Korma Mbl ymajiseM 31eKTpU30BaH-
HBI{l IIJIACTUK, II0JIOCKa 0OPATHO I3 [AeT.

Okcnepument 6.2

Mpsr noBTopsieM 3kcrepumenT 6.1, HO Temepb MBI IaparaeM HATEPTOH CO-
JIOMKOM TI0 BepxHeil KpOMKe JIEKTPOCKOIA. JIydIe Bcero mpukoCHyThCs K TOH-
KOMY KapTOHY Te€M yJaCTKOM HATEPTOI COJIOMKHU, KOTODBI HAXOIUTCH OJIMKe
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K JIEPXKAIUM COJIOMKY TajbIliaM. 3aTeM MBI [aparaeM COJIOMKOM, ImepeMernast
ee oT npsgMoyrobauKa. [lapanaTb coIOMKO# HYKHO B HAIIpABJIEHUU K 3a/HEit
CTOPOHE MPSIMOYTOJIbHUKA, & He B CTOPOHY ITOJIOCHI. DTa MPOIEAYPY MOXKHO II0-
BTOPUTBH OJIMH WJIM HECKOJIBKO a3, W, €CJIM BO3MOYKHO, TAKXKE KPYTsi COJIOMKY
BO BpeMsl cOCKabsimBaHus. UTOOBI OOJIErYUTDH IapAllaHue, MBI MOYXKeM 3a(uK-
CHPOBATH JIEKTPOCKOIL, YIEP:KUBAsT €r0 BEPTUKAIHHYIO TIACTHKOBYIO COJIOMKY.
OjtHaKko, HU B KOEM CJIydae He CJIe/IyeT KacaTbCs HU MPSIMOYTOJIBHIKA, KOTOPBIi
c/leJiaH U3 TOHKOI'O KapTOHA, HU OyMaXKHYIO MOJIOCKY. 3aMeTHUM, 9TO BO BpeMs
COCKaOJIMBAHNUS MTOJIOCKA IIEPEMEIIAETCS OT JIEKTPOCKOIIA.

Teneps MBI ymasisieM HATEPTYIO COJIOMKY OT 3JIEKTPOCKOIa. B aToMm cirydae
MbI BHJUM, YTO II0JIOCA OCTAeTCsd B HpunogHaToM cocrosuuu (Puc. 6.5).

(c)

Puc. 6.5: (a) Duekrpockon ¢ ykasbiBatomeit Buu3 mosockoit. (b) Msr napana-
eM BepxXHUIl Kpaii IpsMOyrojbHUKa HarepToii cosomkoil. (¢) Ilocie ynasnenus
COJIOMKH, TI0JIOCA OCTAETCs B IMPUIOIHATOM COCTOSTHUN!

OkcriepumeHT 6.3

Ilocsie mpoBeienust sxcnepuMenTa 6.2 M yIaJeHusl HATEPTONl COJIOMKH, IO-
JIOCA OCTAETCS B IPHUIOIHATOM COCTOsTHUE. Korma Mbl MeIJIeHHO IpUOIImKaeM
maJjiern cOOKy K HIPKHEMY KOHITY 9TOH [OJIOCKH, He MTO3BOJIsis UM BCTYIIUTH B KOH-
TaKT, Mbl BUJUM, 9TO II0JIOCA IPUTATUBAETCS HaJIblleM, ABUrasch Kk nemy. Korma
MBI yJIaJIsieM TAaJIell, I10JI0Ca OCTAeTCS B IPUIIOHITOM COCTOSHUU.

Kak MbI Busesin B pasjese 3.5, 9T0 03HAYAET, YTO JEKTPOCKOI CTAJ JIeK-
TPUYECKH 3aPS2KEHHBIM B PE3YJIbTaTe MPOBEeIeHNs IKCIepuMeHTa 6.2. DaekTpo-
CKOIT 3apSIUJICA [IPA COCKAOIMBAHUU €r0 KPOMKH HATEPTHIM IIJIACTUKOM. DTOT
9KCIIEPUMEHT aHAJIOIUYIEH SKCIepUMeHTyY 4.7.

Ho Temeps Mbl Hab/OMaeM 9TO-TO HOBOE. KoTia MbI 3apsiInin 3JeKTprde-
ckuii MasgiTHUK MeTojioM [TKQ, MasiTHUK OTTAJKUBAJICSI OT HATEPTOrO ILJIACTUKA
pu ero npubsmkennn. OIHAKO, MTOCTIe yaaJeHst HATePTOro IJIaCTHKa, MAasiTHI-
KOBasi HUTh BO3BPAIIAJIACH B BEPTUKAJIHHOE TIOJIO2KEHUE, XOTS MASITHAK OCTABAJI-
csI 3apsizKeHHbIM. Ecu ObI MBI HEe 3HAJHM 00 9TOM KCIIEPUMEHE, U TOCMOTPEIN
Ha BEPTHUKAJIBHBIA MasgTHUK, Mbl He 3HAJIN Obl, 3aPsKEH MAsTHUK WX HEeT. dTo-
OBI IIPOBEPUTH ITO, MOYKHO IIOJHECTH I1aJjiel] K OyMayKHOMY IUCKY MasiTHUKA, HE
MpUKacasich K HeMmy. FKcim MasiTHUK OCTaeTcst B IOKOE, 5TO O3HAYAET, YTO OH
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mefirpasied. C Jpyroit CTOPOHBI, €CJM MasSTHUK TSIHETCsI K MAJbILY, sICHO, 9TO
MadTHUK 6I)I.H 3apsKeH II0 KaKOMY-TO MeXaHU3MY. LITO6I)I BbIFICHUTH 3HAK 3a-
psiZia, MbI MOIJIH OBbI IIOJIHECTH K MAasSITHUKY JPYTO€ TEeJIO C U3BECTHBIM 3apsiIOM,
HaIPUMED, TOJIOKUTEIBHBIM. KCIN IPONCXOIUT OTTAJTKUBAHNE, MBI 3HAEM, UTO
MAasSTHUK [TOJIOKUTEIBHO 3aps2keH. Eciii MpONCXOquT CUIbHOE IPUTS2KEHUE, MbI
3HAEM, 9TO MAsSITHUK OBLI OTPUIATEIBHO 3apsyKeH.

DJIEKTPOCKOIL, ¢ JPYTOii CTOPOHBI, BejeT cebst nHade. [locse Toro Kax oH ObLI
3apsizKeH, ero IMOJIOCKa MTPOJIOJIZKAET JIE€PXKATHCSI OT IIPSIMOYTOJIbHUKA, JIaXKe eCJIU
VIAJUTh JIAJIEKO OT HErO HATEPTYIO COJIOMKY, C IOMOIIHI0 KOTOPOI MBI 3aPsI TN
JIEKTPOCKOII. DTO O3HAYAET, YTO, MPOCTO B3IVISHYB HA IMOJIOCKY 3JIEKTPOCKOIIA,
MBI MOYKEM CKa3aTh, 3aps?KEH OH WJIM HET. KC/IM MOJI0CKa BUCUT BEPTUKAJILHO
BHU3, JIEKTPOCKOII He 3apsizKeH. Kora mojiocka HaXoUTCA B TPUIIOIAHITOM OT
[PSIMOYTOJIBHIKA, COCTOSTHUM, MBI 3HAEM, UTO 3JIEKTPOCKOII 3apsizKeH. B 3Toii 1o-
cleHell cUTyalnyuu, OTTAJIKUBAHUE MEXK]Iy 3apsiaMU Ha IOJIOCKEe W 3apsiiaMu
TOTO K€ 3HAKA Ha MTOBEPXHOCTUA TOHKOTO KAPTOHHOT'O MPSIMOYTOJIBHUKA TTPEIO0T-
BpAIlaeT BO3BPAIIEHNE [TOJIOCKU B BEPTUKAJILHOE IOJIOYKEHHE, KAK ITO JOJIZKHO
OBLITIO TPOU30TH O/ AEHCTBUEM COOCTBEHHOTO BECA.

OkcriepuMeHT 6.4

Mp1 3apsizkaeM 3JIEKTPOCKOIL, Kak B sKciepumente 6.2. [locse ynanenus ma-
TEPTOro ILUIACTHKA, HOJOCKA OCTAETCs B IPUIIOAHATOM COCTOAHUH. Termepb Mbl
npubJIMKAeM IIaJjel] K BEPXHEMY Kpalo JeKTPOCKOIAa M TporaeM ero. Ilosoc-
Ka cpasy IaJaeT ¥ IPIIKIACT K IPAMOYIroJabHUKY. [locie yaaieHus masbla,
[I0JI0CA OCTAETCS B BEPTHKAJIBHOM IosioxkeHnu (Puc. 6.6).

(a) (b) ()

Puc. 6.6: Paspsgka 3/1eKTPOCKOIIA TIOCPEICTBOM ero Kacanus. (a) [lepBonadasin-
HO 3apsiKeHHbIN nekTpockorr. (b) Korma Mbl TporaeM BepxHUii Kpail KapTOHA,
nosocka nagaer. (¢) Ilosoca ocraercs B BEPTUKAIBHOM IIOJIOYKEHUU [OCJIE YA~
JIeHUd IaJIblia.

Korma Mbr cHOBa mOAHOCHM TaJIel] OJIM3KO K HUYKHEMY KOHILY TOJIOCHI COOKY,
MBI DOJIBITIE He HADJIIOIAeM JIBUKEHHUE MOJIOCHI B HAIPABJIEHNUHN IT1AJIbIA, KAK MbI
HAOJIIOa/ I paHblle B sKkcriepuMenTe 6.3. Mbl 3aK/09aeM, 9TO Mbl Pa3psiIUIn
3JIEKTPOCKOII, TPUKOCHYBIIUCh K TOHKOMY KapTOHY, KaK 3TO OBLIO B CiIydae C
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9KCIIepUMEHTOM 4.9. DTO eCTh Pe3yJIbTaT JIEKTPUIECKOTO 3a3eMJICHUS, PA3Ies
4.5.

dkcnepument 6.5

Mpg1 3apsizkaeM 3JIeKTPOCKOII, Iapaliasi ero HaTepToi COJOMKOM, KaK B 9KC-
nepuMmenTe 6.2. Mbl CHOBa HCIOJIb3yeM HATEPTYIO COJIOMKY, KOTOPOH MBI MOJIb-
30BaJINCh I 3aPAIKH JIEKTPOCKOIA. B 9aCcTHOCTH, MBI MEIIEHHO TOIHOCHM
COJIOMKY K TIOJHSITON TOJIOCKE 3JIEKTPOCKOna. HarepTyio COIOMKY ciemayer aep-
2KaTbh F'OPU30HTAJILHO HA TO K€ BBICOTE, YTO U HUKHUHI KOHEI[ IIPUIIOIHABIIeH-
csI TIOJIOCKH. COJIOMKY HAaJI0 MOJHOCUATH OYE€Hb MEJJIEHHO, 9TOObI He JIOIMYCTUTH
KOHTaKT ¢ 10JiocKoii. CJie/lyeT BHUMATE/JBHO HADJIONATH 38 HaIlpaBJIEHUEM, B
KOTOPOM TI0JIOCA CTPEMUTCS JIBUTATHCS, TO €CTh JIBUXKETCH JIM OHA K HATEPTOit
COJIOMKe M, HaobopoT, oT Hee. [Ipu TIATETHHOM TPOBEIEHNNA ITOTO IKCIIEPU-
MEHTa, MbI HAOJIIOIAeM, ITO MTOJI0CA, TBUZKETCS B HAIIPABJICHUH MIPSIMOYTOILHAKA,
TO €CTh OHa YIAJSETCS OT MPUOJINAKAIONIEHCS HATEPTON COTOMKU.

Mpg1 MOKeT Jlayke BBI3BATH JIBUXKEHUE TOJIOCHI BIIEPEl U Ha3aJl, IepeMerast
HATEPTYIO COJIOMKY B HAIIPaBJIEHUN K 1ojioce n obpaTHo. [Tosoca 6ymer aBurarn-
CsI C TOM K€ CKOPOCTBHIO TIO HAIIPABJIEHWIO K 3JIEKTPOCKOITY 1 OT Hero. Kcam mMbr
XOTUM HAOJIIONATH 3TO KOJIeOATETHHOE IBUKEHIE TTOJI0CHI, AMILIATY/IA JIBUKEHUST
HATEPTON COJIOMKU JIOJI?KHA, ObITH HU3KOM. TO ecTh MBI JOJI2KHBI OTPAHUIUTHCS
HEOOJIBIMNMY JBUKEHUSIMUA COJIOMKH, U30€rast IIpyu 3TOM U3JIUIIHErO COMMKEHUST
¢ moJiocoit (Puc. 6.7).

(a) ==

L

(b) & %

L

© E\ ==

Puc. 6.7: Orrankusanue MexKJy 3apsKEHHBIM IIJIACTHKOM U 3JIEKTPOCKOIOM,
3apsKEHHBIM 9TUM HaTepThiM mactukoM. (b) Korma miactuk npubsmrkaercst
K 9JIEKTPOCKOILY, IojIoca HajgaeT. Korja IIacTuK yoaiseTcs OT 3JICKTPOCKOIIA,
osioca nogHNMaercs, (a) u (c).

DTO MOKA3BbIBAET, YTO B IKCIIEpUMEHTE 6.2 3JIEKTPOCKOII TIOJIYYUJT 3aPSsiJl TOI'O
2Ke 3HaKa, YTO U HaTEPTas COJIOMKA, TaK KaK CYIIECTBYeT OTTAJKUBAHUE MEXKILY
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HuMU. MBI MOYKeM TOTJIa IIPEJICTABIISTE 3aPsi/Ibl JIEKTPU30BAHHOTO JIEKTPOCKO-
IIa KaK 3apsJibl TOI'O 2Ke 3HaKa, UYTO U 3apsJibl HATEPTOr'O IIJIACTUKA, KOTOPBIM
MBI maparnaju Kpaii Toukoro kaprona (Puc. 6.8).

A
Puc. 6.8: 3apsijipl pacpeiesroTcst 10 BCeMy 3JIEKTPOCKOILY, KOTOPBIi OBbLIT 9J1eK-
TPU30BaH OTPULIATEJIBHON COJIOMKON.

OkcnepumenT 6.6

Mpsr1 moBTOpsieM 3KcuepuMeHT 6.2, 3apsizKasi JIEKTPOCKOI OTPHUIIATEHHO, 11a-
panasi ero HaTepToii O BOJIOCHI COJIOMKOI. [Ipu yramenun cotoMKH, 0JI0ca OCTa-
eTCsl B IIPUIIOJIHATOM COCTOsTHUU. MBI 3apsizKaeM JIPYTyIO COJIOMKY MOJIOKUTE b=
HO, KaK B sKkcrepuMenTte 5.15. MBI MeJIEHHO MTOJHOCHM 3Ty BTOPYIO COJIOMKY K
3JIEKTPOCKOITY, IIPEeIOTBPAIasd UX OT BCTYIJIEHNsT B KOHTAKT. B aTOM cityvae Mbl
HAOJTIOIaeM TIPUTSPKEHNE MeXK)Iy HUMHU. DTO MPUTIKEHUE UMEET TaKylo CHILY,
YTO MBI MOKEM 3aCTaBUTDh II0JIOCY HOJHATHCA JlazKe BbIIIe BEPXHEro Kpas 3JIeK-
TPOCKOIIA, BBIHYKJasl ee CJIeI0BaTh 3a HOJIOKHUTEIbHON conoMKoil (Puc. 6.9)!

Puc. 6.9: Ilpursrkenne MexK/ly IOJIO2KUTEIBHON COJIOMKOI M OTPHIIATEHHBIM
3JIEKTPOCKOIIOM.

DkcnepumeHt 6.7
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Mp1 3apsi2kaeM J1Ba 9JIEKTPOCKOIIA, Iapalias IX HATEPTHIMHI O BOJIOCHI COJIOM-
KaMu, KaK B 9kcriepumMente 6.2. MbI yajseM COTOMKH, U ITOJIOCHI OCTAIOTCS 10T~
HATBIMEA. MBI pa3zMernaemM 3TH JIBa 3aPIKEHHBIX JIEKTPOCKONA JIUIOM K JIUILY,
B IIapaJlIeJIbHBIX IJIOCKOCTSX, C IHOJHSATHIMU IIOJIOCKAMU B HAIPaBJIEHUU JAPYT
apyra. Mbl MeJIeHHO COJTMKAaeM 3JIEKTPOCKOIIBI, HE MMO3BOJIsisl MTOJIOCKAM BCTY-
UTHh B KOHTAKT. 3aMETUM, ITO OOBITHO OHU OTTAJIKUBAIOT JIPYT JPYTa, KayKIasi
13 HUX BO3BPaIlladCh K IIPAMOYTOJIbHUKY COOTBETCTBYIOIIEIO 3JIEKTPOCKOIIA.

MpbI u 371eCh TOXKE BUJIUM OTTAJKUBAHUE MEXKJY 3apsIaMU OJIHOTO 3HAKA.

Okcnepument 6.8

Mpr1 3apsizKaeM 3JIeKTPOCKOII OTPHUIATEIHHO, [apaIasi ero HATEPTON O BOJIOCHI
COJIOMKOI1, KaK B 3KcrepuMenTe 6.2. /Ipyroit 3,1eKTPOCKON 3apsKaeTCsI IOJI0KU-
TeJIbHO, COCKAO/IMBaSI €r0 JPYTOH COTOMKOM, HATEPTON MEXK/TY JBYMsI KECTKIUMU
PE3MHOBBIMU ITaHTaMuU. MBI y1aaseM COJIOMKH, U ITOJIOCKH OCTaIOTCs B IIPUTIOJ-
HITOM ITOJIOKEHUN. DTH JIBa JIEKTPOCKOIIA PA3MEIIEHbI [TapasjIesibHO JINIOM K
JINILY, TIOJTOCKH IIPU 3TOM yKa3bIBAIOT APYT Ha Apyra. Mbl Memjienno commkaem
JIEKTPOCKOIIBI, IIPEIOTBPAIIAs IOJIOCKA OT BCTYIJIEHUS B KOHTAKT. Tenepb MbI
BHU/IUM, YTO IOJIOCBI TAHYTCA APYT K JPYTy, KaxKJas I10JIOCKa IIPU 3TOM OTXOIUT
or cBoero kaprona (Puc. 6.10).

()

(b)

Puc. 6.10: IIpuTrsakenue MexK/1y MOJOCAME JIBYX ITPOTUBOIIOIOXKHO 3aPIKECHHBIX
JIEKTPOCKOTIOB.

OkcriepuMmeHT 6.9

MpbI HaUMHAEM SKCIEPUMEHT C IEPBOHAYAJIBHO PA3PIAKEHHBIM JIEKTPOCKO-
oM. MBI TpeM coJioMKy O BoJiockl. HebGosbImast 9acTh HATEPTON COJIOMKH Ka-
caeTcsl BEpXHero Kpasl 3JIeKTPOCKOIIa U IlapallaeT 110 HeMy, KaK B 9KCIIEpDUMEeHTe
6.2. 3ameTnM, 9TO OJIOCA TIOJHUMAETCS HA YTOJI 01, YIAIAICH OT 3JEKTPOCKOITA.

He xacasice TOHKOro KapTOHA 3JIEKTPOCKOIA U IOJIOCKA OyMAaru, Mbl CHOBA
MIPOBOJINM HATEPTON COJIOMKOI IO BEpXHeil KpoMmKe 3djeKTpockorna. locie yma-
JIEHUsI COJIOMKH IT0JIOCa OCTAETCsI IIPUIIOIHSITHIM, HO TellepPh C YIJIOM HAaKJIOHA 0o
6ostbiiuM, 1eM 6. To ectb 05 > 61. 1o mokazano uHa Puc. 6.11.
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(2) (b)

Puc. 6.11: YroJ1 OTKJIOHEHUS MTOJIOCHI TT0 OTHOIIEHUIO K JJIEKTPOCKOITY SABJISIETCS
MepOoil KOJIMIECTBa 3apsA/1a Ha JIEKTPOCKOIIE.

DTy NIPOIE/LyPy MOXKHO IOBTOPHUTH HECKOJIHKO pa3. Bo Bpems 3Toii mporie-
IyPBI COJIOMKY CJIEIYeT MOTEPETh O BOJOCHI OJIMH MJIN HECKOJIBKO Pa3.

DTOT SKCIEPUMEHT ITOKA3bIBAET, ITO JICKTPOCKOII MOKHO UCIIOIH30BATD JJIsI
M3MEpEHUs KOJIMIECTBA 3apsijia, B COOTBETCTBUU C OIIPEIEIEHUSIMA pa3zesa 5.7.
To ecTb, yBesimauBasi KOJMIECTBA 3aPsA/1a HA HEM, Mbl YBEJIMIUBAEM yTOJ MEXKIY
II0JIOCOM U TPSAMOYTOJIBHUKOM.

Knaccuaecknit 971eKTPOCKOIT JaeT APYroil crocod UJLTIOCTPAIIME STOrO -
dexTa. YBennienrne KOJIMIeCTBA 3aps/ia HA HEM BEJET K YBEJIMYSHHUIO yTJia Pac-
XOXKIeHust JByX ero suctbes (Puc. 6.12).

(a) (b)

Puc. 6.12: Yros Mex1y ABYMs JIUCTHIME JIEKTPOCKOIIA SIBJISETCS MEPOi KOJIN-
JecTBa 3apsja Ha HEM.

6.3 Kakue Tesia pa3psaKariT 3JIeKTPOCKOM MPU KOH-
TaKkTe?

Dkcnepument 6.10
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Mbp! Buziesn B 9KcnepuMenTe 6.4, 9T0 3JIeKTPOCKOII pa3psArKaeTcs MITHOBEHHO
IIPY COIIPIKOCHOBEHUU C YeJIOBEYECKUM TeJIoM. MBI 3apsizkaeM ero elne pa3, Kak
B 9KcrepuMerTe 6.2. MbI 1epKuM HefTpaIbHYIO IVIACTUKOBYIO COJIOMKY 3 OJIUH
KOHeIl, 1 TPOraeM BEPXHUIl Kpail 3apArKEeHHOI'O 3JIEKTPOCKOIA JPYTHM KOHIIOM
COJIOMKH. B 3TOM cilydae HIYEro He IIPOUCXOIUT C IIOJIOCKOM, U OHA OCTaeTcd B
nozasaToM nosoxkenun (Puc. 6.13). Mbl 3akiiodaeM, 9T0 HefiTpasbHas IIACTH-
KOBag COJIOMKa He CHUMAeT 3apsll ¢ 3JIEKTPOCKOIIA.

(@ (b) ()

Puc. 6.13: (a) 3navanbho 3apsikenublil siaekrpockoir. (b) Mbl mep:kum omux
KOHell HeTpaJ/IbHOHI IIJJaCTUKOBOI COJIOMKM B PYKe, U TporaeM Kpail 3JIeKTpo-
CKoOIIa APYruM KOHIOM cosioMku. C mosiockoii auaero e npoucxoaut. (¢) Ioce
VAAJIEHUST COJIOMKH, ITOJIOCA OCTAETCS B MOTHITOM MOJIOXKEHUH. 10 eCTh 3JeKTPH-
30BAHHBIA 3JEKTPOCKOII HE PA3PAKAECTCA, KOIJIa MBI TPOraeM ero HeUTpaJbHON’
IJIACTUKOBOU COJIOMKOIA.

Dkcnepument 6.11

MpbI cHOBAa 3apsizKaeM JIEKTPOCKOT, KaK B akcnepuMenTe 6.2. Ha 3ToT pas Mbr
JIepKUAM OIMH KOHEIT JIEPEBIHHOI mmaru B pykax. Mbl kacaeMcst BEpXHEro Kpast
3apSIXKEHHOTO 3JIEKTPOCKOIA JIPYTUM KOHIIOM JEPEBSIHHON Imarn. 3aMeTuM, 9To
nostocka cpasy nagaer (Puc. 6.14). Ilpu ynajeHun nepeBsHHON IMIMTAXKKH, MO-
JIOCKa OCTAETCS B BEPTUKAJBLHOM TIOJIOKEHUHU. MbI 3aKJII0YAEM, UTO JTEPEBIHHAS
IIIaXKKa CHAJIA 3aps]] C 3JIEKTPOCKOIIA.

(e

O
@) (b) ©

Puc. 6.14: (a) Usnavanbno 3apsikenubiii aaekrpockoir. (b) Mbr gep:kum omun
KOHeI| IePEeBAHHON IIMaXKKU B PYKe W TporaeM BepXHUIl Kpal 3JeKTPOCKOIIa
ApyruM KoHnowm miraxkku. [losoca cpady nagaer. (c¢) Ipu ynanenun mmarkku,
0J10Cca OCTaeTcsd BHU3Y. TO eCTh 37IeKTPU30BAHHBIN 3JIEKTPOCKOI Pa3PArKACTCH,
KOIJIa MBI KACAEMCS €r0 JIEPEBAHHBIM IIPEJIMETOM B HAIIAX PYKaX.
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6.3.1 OmnpenesieHnsi IPOBOAHUKOB 1 M30JIATOPOB

Okcnepumentsl 6.10 u 6.11 (Puc. 6.13 u 6.14) 1OKa3BIBAIOT CYyIIECTBOBAHIE
MPUHITAITAJILHOTO PA3JIMIUs MEXKJIy BEIeCTBaMU. B CBA3M € BaXKHOCTBIO TUX
CBOICTB, OBLINM TIPEIJIOXKEHBI JBA HA3BAHWUSA I KJIACCA(DUKAIIMU BEIECTB HA
JB€ OOJIBITIE TPYIIITHI.

Omnpepenennsi: BemecTsa, KOTOpble pa3psizKaloT JIEKTPU30BAHHBII 3JI€K-
TPOCKOIT ITPOCTHIM KacaHUEM Ha3BIBAIOTCI NposodHukamu. BerecTBa, KOTOPHIE
HE Pa3psKAIOT 3JIEKTPOCKOI HA3BIBAIOTCS U30AAMOPAMU, HENPOSOOHUKAMU, NI
QUINEKMPUKAMU.

OTKpbITHE 9TUX JBYX BUJOB BemecTsB ObLIO c¢esano ['peem B 1729 romy. On
TakkKe OOHAPYKUJI HEKOTOPbIE M3 OCHOBHBIX CBOICTB 9TUX BEIECTB, OIIyOJIMKO-
BaB CBOU PE3YJILTATHI B (PYHIAMEHTAJILHON padboTe B 1731 romy, KOTOPYIO MBI
GymeM obcyKaarh 6osee moxpobHo B Ilpumaoskenun B.' Beipazkenus nposod-
HUK U U30AATOD, TIO-BUAUMOMY, npuHasjexarsb 2Kany Teodbwury lesarioabe
(1683—1744).2 Bor rmuraTa m3 Jle3arionnbe, e OH yHOMHHACT 3TH BHIPAsKEHI:>

B ciemyromeM onmucannn, KOTOPOE SIBJISIETCS IIPOIOJIKEHIEM IPek-
HUX 9KCIIEPUMEHTOB, I HA3BIBAIO NPOGOOHUKAMU TE€ CTPYHBI, K OJI-
HOMY K3 KOHIIOB KOTODBIX IIPUKJIAJBIBAETCI HATepPTas [CTeK/IsHHAs|
TpyDa; U U30AAMOPAMU T€ TOPU3OHTAJIBHEIE TEJIa, Ha KOTOPBIX Npo-
600HUK TIOKOUTCSH.

Eme no Hezaroane, /iode ncrmoab3oBalr BeIpaskeHue U30AUPOSaHH b, CChI-
JIasiCh Ha MMPOBOIHUKY, KOTOPBIE TOKOSJINCh Ha TeJaX, UCKIIAIONINX YTEeIKY
srekTprdecTBa depe3 Hux. B 1733 roxy Hdode obcyxman mnepenady 3J€KTpU-
YecTBa 0 CTPyHAM, IOJIBEIIEHHBIM Ha IMEJKOBBIX HUTSIX — SIBJIEHUE, KOTOPOE
66110 OTKpBITO ['peem. B atoit pabore Hrode numer ciemyrormmee (Kypeus Ham):4

DTOT IKCIEPUMEHT JOKA3BIBAET HEOOXOAUMOCTD TOIO, U4TO [IPOBO/I-
mast| CTpyHa, NCIOJIb3yeMast JIJTsl TIEPEJIavn SJEKTPUIECTBA Ha GOJTh-
II0€ PACCTOsIHUE, OBUIA U30AUPOSAHA, TO €CTh [IPOBOJSAIIAsT CTPYHA
JIOJ2KHA OBITB| MOJIBENIEHA TOJBKO TeJaMU, KOTOPhIe MEHbBIIE BCETo
[IO/IJIAIOTCST SJIEKTPUIECTBOMY BO30YKJICHUIO.

B 1737 romy on mammcaJ ciejyiomee (Kypeus Harm):®

TlosTomy, Oyayun yBEpEHHBIM B 9TOM PaBEHCTBE JIJIsi 9KCIIEPUMEHTOB,
KOTODBIE 1 HAMEPEBAJICS TPOBECTH, s HCIOJIB30BAJ 2KEJIE3HYI0 DAJIKY,

1[Grah).

2|Desa] (ccoutka na [Desc]), [Pri66, crp. 82] u [Hei99, crp. 292—293, samerxa 12].

3[Desa, crp. 193].

4|DF33d, crp. 249|: Cette expérience prouve combien il est nécessaire que la corde dont on
se sert pour transmettre au loin ’électricité, soit isolée, ou ne soit sotitenué que de corps le
moins propres qu’il est possible a se charger eux-mémes de 1’électricité.

5[DF37b, crp. 94]. M’étant donc assiiré de cette égalité pour les expériences que j’avois
dessein de tenter, je me suis servi d’une barre de fer d’un pouce en quarré & de quatre pieds
de long, elle étoit, comme je ’ai dit, suspendué sur des cordons de soye & isolée, afin que rien
ne pat détourner le tourbillon électrique qui lui seroit communiqué par le tube.
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OJIVH KBaJIPATHBIN mfoiiM B cevennn [2,54 1o 2,54 cm| u gernbipe dby-
ToB B jumHy [122 cm]. Ona Gb1a, Kak st y2Ke CKas3aJl, NOJBelIeHa Ha
HIEJIKOBBIX HMIHYPAX U U30AUPOGAHG IJIS TOTO, YTOOBI HUYTO HE MOTI-
JIO OTKJIOHUTD 3JIEKTPUIECKUT BUXPb, KOTOPBI OyeT I0JaBaThCs K
Hell [or HaTepTOl CTEKJISTHHON TPYOKH].

Briosie BO3MOXKHO, UTO BBIPAXKEHHE U30AAMOP UMEET CBOE HAYAIO B ITUX
nurarax u3 Hode. B IIpuroxkenun B mbr obcymum pabory ['pest Gostee moapod-
HO.

OkcriepumeHT 6.12

Temepb MBI TOBTOpsieM dkcrepuMenThl 6.10 u 6.11 11 Toro, 9ToOBI BBISIC-
HUTH KaKWUe BEIIEeCTBa, sIBJSIOTCS ITPOBOJHUKAMHE, & Kakue uzossgropamu. [Ipo-
neypa Beerja Oymer omHa u Ta ke. MbI 3apsiKaeM 3JeKTPOCKOIL, ITPOBEJIs 110
HEeMy HaTepTOI IJIACTUKOBON COJIOMKOI, KaK B skcnepuMenTte 6.2. Mbr ynansgem
COJIOMKY. 3aTeM, JIepXKa HeKUil MpeMeT B PYKax, Mbl TPOTAeM BEPXHUM Kpail
TOHKOI'O KAPTOHHOI'O IIPSAMOYTOJIbHUAKA KAKOH-TO YacThIO 3TOr0 npeamera. Ecaun
3JIEKTPOCKOIT PA3PAXKAETCsI, MBI TOBOPHUM, UTO TOT IPEIMET SABJISIETCS MTPOBOJI-
HUKOM. ECiin 971eKTPOCKOIT He Pa3psizKaeTcsl, Mbl TOBOPUM, UTO ITPEJIMET sIBJIs-
eTcd U30JATOPOM.

DTOT IKCIEPUMEHT MOYKHO IIPOBECTH C OJIMHOYHBIMU HUTSIMU U3 PA3HBIX Ma-
TEPHUAJIOB: XJIOIOK, IIEJIK, IIOJINICTED, CAHTETUIECKHIT TI0JINAMU/I, BOJIOCHI, MeIb
n T.JI. EFO MOZKHO IIPOBECTHU HaK>Ke€ C TBEPJAbIMH MaTepuaJiaMu, TaKUMHN KaK
METAaJLII, JIEPEBO, CTEKJI0, Pe3NHA, IJIACTUK, Oymara, manupocHas Oymara u T.JI.

WNuorma ynobuee, 1ep2Ka OMOPHYIO BEPTUKAJIBHYIO IJIACTAUKOBYIO COJIOMKY 3a-
PSIZKEHHOTO 3JIEKTPOCKOIIA B PYKaX, KOCHYTbCS YIJIOM TOHKOTO KapTOHA HCIIBI-
TyeMbIfl IpeaMeT: CTeHa, JOCKa, Mebesnb n T.J. Kak Bcerja, ciaemyer m3berarhb
KOHTaKTa TOHKOI'O KAPTOHHOI'O IPSIMOYTOJIbHUKA W IIOJIOCKH C PyKaMU, ITOOBI
HUCKJIIOYUUTD JIEKTPUUIECKOE 3a3eMJICHUE Yepe3 Hallle TeJo.

OkcriepumenT 6.13

IIporenypa, onncannast B mocjienneM ad3aiie sKkcuepuMenTa 6.12, Takake mo-
XOAUT JIJidd BBIFCHEHHUA, KaKhue KHNJIKOCTU ABJIAIOTCA NPOBOJHHUKaMH, a KaKHe
usossropamu. llepesr HAYATIOM 3TUX TECTOB MBI H€peM MyCTYI0 eMKOCTh, KOTO-
pas B majibHelieM Oymer 3allojiHeHa Pa3jndHbIMU KujakocTssMmu. Cocyr moJi-
2K€H OBITh M3 MPOBOJISINEr0 MaTepruasa. ITOObI BBISICHUTD, SBJSIETCS JIH COCYIT
MIPOBOJIHUKOM WJIM MU30JIATOPOM, MBI 3aPsKAE€M 3JIEKTPOCKOI U IIPUBOIUM €ro
TOHKHI KapTOH B KOHTAaKT C COCYIOM. Ecim 371eKTPOCKOIl pa3psKaeTcs IOCTe
KOHTAKTa, 3TO O3HAYAET, UTO COCY/I JeficTBUTEbHO IpoBouT. [Ipumepamu 1moji-
XOJIATIAX COCYIOB SIBJISTIOTCS T€, KOTOPbIE N3rOTOBJIEHBI U3 METAJJIA, CTEKJIA WU
nepesa. Temepb MOXKHO IPOJOJIZKUTH SKCIIEPIMEHT.

Mpbr HadrHaeM ¢ TOro, YTO 3AIMOJIHAEM €MKOCTb J0 KOHIA KHUJKOCTBHIO, KO-
TOpasi MOJUIEXKUT TecTUpoBaHuio. IIponiuocTpupyeM, 4TO IPOUCXOTUT C TAKOI
IPOBOSIIIEH JKUJKOCTBIO, Kak Bojia (Puc. 6.15). B (a) Mbl nMeeM 371€KTpr30BaH-
HbIi 3siekTpockoir. B (b) Mbl morpyzkaeM KpOMKY 3JIEKTPOCKOIA B Bojy. Kapron
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HE JIOJKEH KacaTbCsl COCY/Ia — TOJILKO BOJY. 3aMeTuM, 4TO [oJoca Iajaer. ()
IIpu yranenun 371€KTPOCKOTA U3 BOJBI, TIOJIOCA OCTAETCS B OIYIIEHHOM COCTOSI-
HUMN.

(a) (b)

Puc. 6.15: (a) WsHauanbHO 3apsizkeHHBIH 2sekTpockon. (b) Mbr morpyxkaem
KPOMKY 3JIEKTpOcKona B Bojy. Ilosocka asekTpockona najaer. (¢) Ilpn yaa-
JIEHAU 3JIEKTPOCKOII U3 BOJBI, MOJIOCA, OCTAETCA B BUCAYIEM COCTOSTHHM.

Ha Puc. 6.16 MbI BuinM, 9TO IPOUCXOIUT B CIIyIae IMUAIEBOTO PACTUTEIHHOIO
Macjaa B POJIM M30JUPYIOMEH KUIKOCTH. B (a) MBI MMeeM 3JIeKTPU30BAHHBII
JIEKTPOCKOIL. MBI JIEPKUM €ro 3a MJIACTUIECKYIO COJIOMKY, n3beras KOHTAKTa,
C ero TOHKUM KapTOHOM W IIPUIOJHSIBIIEICs TOJIOCKO. 3aTeM MbI IIOIPY2KaeM
Kpail KapToHa B XKHUJKOCTh. KapTOH HE OKEH KACAThCH €MKOCTH — TOJIBKO
MAacJIo. 3aMeTUM, YTO I[O0JIOCA OCTAeTCsl B HOAHATOM cocroguuu, Kak u B (b).
ITocse ynasenust 371eKTPOCKOIIA U3 YKUJIKOCTH, €0 [I0JI0CA OCTAETCS B HOTHATOM
cocTosiHUN, KaK B ().

[y

(a) (b) (c)

Puc. 6.16: (a) 3HauaabHO sieKTpu30BaHHbIi 31eKTpockor. (b) Mbl norpyxaem
Kpaii KapToHa B »KUIKOCTh. [lojioca ocraercsa B mogaaTroM cocrogaun. (¢) Ipu
YVJAJIE€HAN 3JIEKTPOCKOIA U3 KUJIKOCTH, I10JI0CA OCTAETCS B IIOJHATOM COCTOSHUM.

Ty 2Ke IIponeaypy MO2KHO TaKzKe IIpUMEHUTH JJjIsl OIIpeAesIcHud, MOr'yT JIN
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Jpyrue BelecTBa, TakKue, HalpuMep, KakK MyKa WM KyKypys3Has MyKa, IIpo-
BOJUTH. MBI 3aI0JHSIEM ITPOBOIAIINI COCYT MyKO#l. 3aTeM Kpail 3apszKeHHOI'O
3JIEKTPOCKOIIA IIOIPy2KaeM B MyKy U HaOJIIOIAaeM 3a IIOBEJEHUEM IIOJIOCHI JJIEK-
Tpockora. Bo BpeMsi 9T0i 1poIeypbl HEOOXOINMO M30eraTb KOHTAKTa MEXK-
Ay TOHKHM KapPTOHHBIM IPAMOYT'OJIBHUKOM M €r0 IOJIOCOH C OJHOW CTOPOHBI, 1
IIPOBOJIAIIEH €eMKOCTBIO U HAIIMMU PYKaMU — C JPYToil, YTOOBI IIPEJOTBPATUTH
Pa3pAAKy 3JI€KTPOCKOIIA.

6.3.2 Tena, koTopbie BeAyT cedsi KAaK MPOBOJHUKN MJIN KaK
U30JISTOPHI B OOBIYHBIX JIEKTPOCTATUYECKUX IKCIIe-
pUMeHTax

YT06b! IPOBECTU TETKOE PASIHINE MEXK/TY MPOBOIHUKAMU U U30JITOPAMU, JIY Y-
1I1e BCero paccMaTpUBaTh Tejia OJHOU U TOM Ke (opMbl 1 pasdmepa. Hampuwmep,
KacaTbCsd JEKTPOCKOI IMUJIUHIPAMA OJMHAKOBON JIJIMHBI U JITAMETPA, HO U3TO0-
TOBJICHHBIX U3 PAa3INYIHBIX BemrecTB. OHAKO MBI He OyIeM IOKa OECIIOKOUTHCS
o dbopme u pazmepax TeJl, MOJJIEXKAIINX IPOBEPKE.

Koneunsrit pesynbrar sxcrepumenTos 6.10, 6.11, 6.12 u 6.13, mpoBeieHHBIX
€O MHOTHMH BEIIECTBAMH, COCTOUT B CJIEIYIONIEM:

e ITpOBOAHUKY COTIACHO OOBIYHBIM JIEKTPOCTATUYECKUM JKCII€PHU-
MEeHTaM:
BiiazkHbIil BO3/1yX, Y€/I0BEYECKOE TEJI0, BCe METAJLIBI, HyMara, TOHKU Kap-
TOH, obepTouHas Oymara, ajioMuHueBas (OJbra, JIEPeBO, KyCOK MeJa,
GOJIBIMMHCTBO CTEKOJI IIPU TEMIIEPATYPE OKpY2Karorieir cpeibl, dapdop,
MpecHast BOJIa, CIIUPT, IIAMIIYHb, KEPOCHH, MOJIOKO, HE3aJKOrOIbHbIE Ha-
[IUTKU, MOIOIINE CPEJICTBA, CTEHA, JOCKA, MPOOKa, KOXKa, MYKa IIIEHNY-
Hasl, KYKypy3Hasli MyKa, aKpPHUJIOBbleé HUTH, COJIb, CaXap, OIMUJIKHU, 3EMJIsI
WIN TJIMHA, KUPIIUY, OOJIBINIUHCTBO BUJIOB PE3UHBI U T.]I.

e M30a9TOPHI COTIaCHO OOBIYHBIM IJIEKTPOCTATUIECKUM 3IKCII€PHU-
MEeHTaM:
Cyxoii BO31yX, sIHTaph, mactMmacca, [IBX, 1mieik, mogorperoe crek,io, Heii-
JIOHOBBII WJIM CHHTETUIECKUI TIOJIUAMUJL, TIOJIAICTED, IEPCTh, OMUHOIHBII
9eJIOBEYECKHIT BOJIOC, aKPUJIOBasi TPy0a, MEHOIIOIUCTUPOJI, MOKOIAT, IH-
EBOe PACTUTEILHOE MACIO0, MOJIOTHIN KO(e U HECKOJIBKO BUJIOB DE3UHBI.

KonuyecTBo npoBOAAINX BENIECTB 3HAYUTEIHHO OOJIbIIE, YeM KOJIMIECTBO
U30JIUPYIONIUX BemecTB. VI3 3TuxX JByX CIMCKOB MbI BHJIMM, YTO OOJIBIITHHCTBO
BEIECTB ABJIAIOTCA ITPOBOJHUKAMH, OY€Hb HEMHOTHE SABJIAIOTCH W30JIITOPAMU.
Hexoropble n3 MpOBOJHUKOB MPOBOAAT 3JEKTPUIECTBO OUEHb XOPOIIO, Pa3ps-
2Kag MIOYTU MI'HOBEHHO 3JIEKTPOCKOII, KaK B Cjlydae C 4eJIOBEYeCKUM TeJIOM, Me-
TaJJIAMU, XJIOIKOM i Oymaroii. XOoTs JIpeBeCHHA SBJISETCS IIPOBOJIHIKOM, OHA
HE TIPOBOJINT TaK XOPOIIO, KaK Teso desgoBeka. 06 3ToM cBUIeTETHLCTBYET Hotee
[IPOJIOJI?KUTEIbHOE BPEMs, HEOOXOIUMOE JIJIsi pa3PsiIKU JIEKTPOCKOITA, KOTJIa MbI
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KacCaeMcCd ero JePEeBAHHBIM IIPEeIMETOM, B CDaBHEHUU C OY€Hb KOPOTKHM IIpOMeE-
2KYTKOM BPEMEHU DPa3psAJKU, KOT'Ja MbI KaCaeMCid IJIEKTPOCKOII HaIlllUM TeJIOM
M KyCKOM MeTaJlla.

CTerJio HYKHO PacCMaTPUBATEL OTHEJHHO. BOJBIIMHCTBO OOBIYHBIX CTEKOJ
pa3psizKatoT JIEKTPOCKOIL, XOTsI MejijieHHee, yeM MeTasuibl. C JIpyroii CTOpOHHI,
[IpY HAUPEBAHWM HA OTHE WJIM B MUKDOBOJIHOBOW €YU, OHU MOI'YT BeCTH cebsi
KaK M30/IATOphL. JpyruMu cjaoBaMu, mocjie HArpeBaHusi OHU OOBITHO HE Pa3psi-
2KAIOT JIEKTPOCKOII, WJIM PA3PSAIKA IIPOUCXOIUT TOPA3I0 ME/JIEHHEE, IeM IIPU
HOpMAaJIbHOU TeMitepaType. Kak nmpasuiio, oHu BeayT cebsd KaK IPOBOIHUKU H3-
3a BJIAYKHOCTY WJIA TIAPOB BOJIbI, HAKOILJIEHHOW Ha WX MOBEpXHOCTH. [Ipu Harpe-
BaHUM CTEKJA, 9T BOJA MCIAPSIETCSI, U 3aTEM OHO BeJIET ceDsi KaK H30JISITOP.
Mmuorue yuensie B mponuioM, kak ['peit u [lrode, ncmosmp3oBain HATEPTHIE CTEK-
JITHHBIE TPYOKH B CBOMX 9KCIIEPUMEHTAaX, JepKa X pykamu. TpyOnl Benn cebs
KakK M30Jis1TOphl. OHU YacTO YIOMHUHAIOT HEOOXOUMOCTD IIOJIOTPeBa TPYOKHU J10
pacTupaHusd, TaK KaK HarpDeBaHUe yBEJIUYIUBET KOJUYIECTBO IPUOOPETEHHOIO 3a-
psiaa. Kpome Toro, Harpes mpuBOJIUII K JIOJIBIIEMY COXPAHEHUIO TPUOOPETEHHOTO
3apsifia Ha WX MoBepxHOCTH. Jpyrasi mpuumna, 1Mo KOTOPO# TU CTEKJa MOTJIU
BecTH cebst KaK M30JI9TOP, COCTOsIa, BEPOATHO, B NX XUMHUIECKOM cocTase. Kak
[IPABUJIO, OHU UCIIOJIB30BAJN (DIUHTIIIAC — POJ CTEKJIA CO CBHHIIOM B XUMITIe-
CKOM COCTaBe. DTOT BUJ CTEKJIA SIBJISETCS TOPA3JI0 JIYUIINM H30JIATOPOM, TeM
BOJIBIIMHCTBO CTEKOJI, BCTPEYAIOIIMXCS B HACTOSIIEE BpEMsI B MarasuHax. lakoe
CTEKJIO MOXKHO HAfTH CerojiHs TOJBKO B CIEINAJTU3NPOBAHHBIX Mara3mHax.

B cyxyo u XOJIOHYIO IOTrOy 3JIEKTPOCKOIl MOYKET COXPAHATH 3apsdall B Te-
YeHHe HECKOJbKUX MUHYT. B 3TOM cilydae BO31yX BOKPYT 3JEKTPOCKOIIA BEJIET
cebst KaK XOPOIInY U30JIsITOP. B KapKyo U BIAXKHYIO HOTOJTY, C JIPYTOil CTOPO-
HBI, 1 OCOOEHHO B JOXKJJIUBYIO IIOTOAY, TPYIHO COXPAHUTDH 3PSy HA IJIEKTPO-
ckorte. OH, Kak TPaBUJIO, PA3PsI?KAETCsST CPa3y IOCHE JIEKTPU3AIUN HATEPTOMN
cosioMKoit. Bo3myx BOKpyr Hero Bener cebst KaK IPOBOJHHUK B 3TUX YCJIOBUSIX.
ITo aToit npuamHe, GOTBLIMUHCTBO SKCIIEPUMEHTOB XOPOIIIO PAOOTAET B CyXUe JTHH,
KOIJIa 3aps/ibl Ha M30JIATOPAaX MOXKHO IOJJIEP2KUBATh B TeUYeHUE JJINTEIHHOIO
BPEMEHU. 3apsibl, HAXOSIINECS Ha JIEKTPUIECKA HU30JUPOBAHHBIX OT 3€MJIU
IIPOBOJIHUKAX, TAKXKE COXPAHSIOTCH B TedeHHE DOJiee [INTEJILbHOIO BPEMEHH B
CYXYIO TIOTOJMy, HEXKeJIN B CHIPYIO IOroiy. B BjaKHYIO IOro/ly MHOTHE JKCITe-
PUMEHTHI HE PAbOTAIOT, KAK MOXKHO OBLIO OXKKJIaTh, min 3PHEKTH HE CTOJb
3aMeTHBI U UX HE TaK JIETKO OOHADPYKUTh.

BoJibimmnHCTBO BUJIOB PE3UHBI BT Ce0si KaK MPOBOJHUKNA. JTO MOXKET OBbIThH
CBS3aHO C BJIAro¥l Ha WX MOBEPXHOCTH, C UX XUMHUYECKUM COCTABOM WJIM K€ C
MIPOIIECCOM WX U3TOTOBJIeHUsi. HeKOTOpble BUJBI PE3UHBI BeIyT ce0sl KaK HU30-
sgaropel. [losToMmy cieayer momBepraTh MpOBEPKE KarK0€ BEIECTBO OT/IEIbHO.
Tosbko TOCIE TEeCTUPOBaHUs, KAK ITO OIMCAHO 37€Ch, HAIPUMED, MBI MOYKEM
KJIaCCU(UIIMPOBATH KaXK/I0€ KOHKPETHOE BEIEeCTBO COIVIACHO €0 IIOBEJIEHUIO.

Paznenenne BemecTB Ha MPOBOJHUKHA W JUIJEKTPUKH SIBJISIETCS OJHUM U3
HamboJiee BasKHBIX aCIEKTOB Beeil Hayku 00 ajiekTpudaectse. Hapsimy ¢ cyte-
CTBOBaHUEM IIOJIOXKUTEIbHBIX U OTPUIATE/IbHBIX 3aPSIJIOB, IPUTIKEHUST U OT-
TaJKUBaHUSL, 9TOT (PAKT IO3BOJISIET HAM IOHSITh IIEJIBIH PsiJl sIBJIEHUIA.
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6.4 Kakwue Tesa 3apsizKaloT 3JIEKTPOCKOII TP KOH-
TaKkTe?

OkcriepumeHT 6.14

JlBa 3apsKEHHBIX JIEKTPOCKOIIA, pa3MellaeM MapajiiebHO, JPYTr MPOTHB
JpyTra, ¢ MOJOCKAMU Ha BHeEITHeil cTtopone. PaccTosinme MexKIy HUMHU JOJI2KHO
ObITh TpuMepHO 15 cMm. HefiTpaibHasi mIacTHKOBasi COJIOMKA pa3MellneHa HaJl
TOHKAMHU KapTOHAMHU STHUX IJIEKTPOCKOIIOB U IOJJIEPYKUBAECTCSI UMHU KaK IOKa-
3an0 Ha Puc. 6.17. Ilocte 9T0i#t moAroTOBUTEBHON PAOOTHI, MBI GEpeM BTOPYIO
IIJIACTUKOBYIO COJIOMKY U JIEKTPU3YEM €€ TPEHHEM O HAIIHM BOJIOCHI.

Puc. 6.17: /IBa m3HaYAIBHO Pa3ps?KEHHBIX 3JEKTPOCKOIA C MX ITOJOCKAMU Ha,
HemHel cropone. OHU COeIMHEHBI MEXK Ty CODOI HEATpaIbHOM coToMKOi. Bro-
pas 3apsizKeHHasI COJIOMKA IapalaeT 110 KapTOHY 3JeKTpockona 1.

OTa BTOpas HaTepTas COJIOMKA Iapalaer 110 KapTOHY 3JjieKTpockomna I Ha
Puc. 6.17. 3aMeruM, 94TO TOJBKO IIOJIOCA JIEKTPOCKONA I IMOAHUMAETCs, a I0-
Jioca 3JjieKTpockona I ocraercs Ha MecTe. DTa IMOCIeI0BATEIHLHOCTD OIepaIuit
nokaszana Ha Puc. 6.18.

o

1

(2) (b) (©

Puc. 6.18: (a) IBa nepBoHaYAIbHO 3aPIKEHHBIX JIEKTPOCKOIIA COEIUHEHbI Hefi-
TpasbHOli costoMkoii. (b) Bropast asiekTpu3oBaHHas COJIOMKA [APAIIAET 110 BEPX-
HeMy Kpato 3jiekTpockona . (c) 3apsizkeHHasi COJIOMKa yzaJsiercs. Mbl BuuM,
YTO TOJIBKO IIOJIOCKA 3JIEKTPOCKOIa | IOTHIMAETCS.
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Okcriepument 6.15

Oxcmepument 6.14 moBropsiercs. Ho Temeps 1Ba ncxo1HO HERTPATBHBIX JIEK-
TPOCKOIA, COEJIMHEHDI JepeBaHHbIM mamirypom (Puc. 6.19).

Puc. 6.19: JIpa nepBoHAYAIbHO PA3PSKEHHDBIX IJIEKTPOCKOIIA COEIUHEHBI JIepe-
BSIHHBIM IIAMITYPOM. DJIEKTPU30BAHHAS COJIOMKA IAPAIIAET 110 JIEKTPOocKoIy I.

DJIeKTPU30BAHHAS COJIOMKA IAPAIIAET TOJIHKO O 3jeKTpockorny I ma Puc.
6.19. B sToMm citygae Mbl BHAMM, 9TO 06€ MOJIOCKU TIOJHUMAIOTCS. DTa MOCJIEI0-

BaTEeJBLHOCTD IIPOIEIyp NoKazana Ha Puc. 6.20.
(©)

Puc. 6.20: (a) IBa mepBOHAUAIBHO PA3PSIZKEHHBIX 3JIEKTPOCKOTIA COEJMHEHBI JTe-
peBsiaHO# mmaxkkoi. (b) MbI mapamaemM TONBKO 3J€KTPOCKOIN | HA’IeKTPU30-
BaHHOI COJIOMKOIA. (¢) DJIeKTpU30BaHHAS COJIOMKa yJajsiercd. Mbl BUauM, 910
002 3JIEKTPOCKOTIA TIOJTY YU 3aPs/I.

(@ (®)

C

OxcnepumenTsl 6.14 u 6.15 aBisgrOTCS 0OPATHBIME IO OTHOIIEHUIO K IKCIIE-
pumentam 6.4, 6.10, 6.11 u 6.12. B mocnegraux Mbl BUIEIN, KaKUe TeJIa pa3-
PSPKAIOT WU HE Pa3Ps?KAIOT 3JIEKTPU30BAHHBIN 3JIEKTPOCKOI B PE3y/IbTaTe CO-
MIPUKOCHOBEHUS JIEKTPOCKOITA, ¢ STUM BEMIECTBOM B HAINUX PyKax. Temepb MbI
aHAJIM3UPYeM, KaKre BElleCTBa 3apsaKaloT W He 3apaKaloT U3HAYAJIHHO He3a-
PSIPKEHHBIN 31eKTPOCKO [, KOrjia Mbl COEIUHSIEM €r0 Yepe3 ITO BEIIeCTBO C
JIEKTPOCKOIIOM [, KOTODBIN 3apsi2KEH ITOCPEJICTBOM I[aPAIaHUs JJIEKTPUIOBAH-
HO# cosoMKoit. Pesyibrar ToT 2Ke. To ecTh HefiTpaibHAS TIJIACTUKOBAS COJIOMKA,
HE Pa3psKaeT IIEKTPUIOBAHHBIN IJIEKTPOCKON TPU CONMPUKOCHOBEHUU C HUM,

160



kak B aKkcnepumente 6.10. Oua Takxke He 3apszKaer 3jeKTpockon 1, Korjaa 3ro
TEJIO CJIY2KHUT CBSA3YIOIMIMM MaTepHaJioM MeXKIy 3jeKkTpockornamvu [ u I, Korma
JIEKTPOCKOII | 3apsKaeTcsl apalaHiueM HadJIeKTPU30BaHHON COJIOMKOI, KaK B
sxcrepumente 6.14. C 1pyroit CTOPOHBI, IEPEBsHHAS IIIITAYXKKA, 3aPIKAET B ITOM
caydae stekTpockon I, kak B skcrepumente 6.15.

OkcriepuMeHT 6.16

OxcnepumMeHThI 6.14 1 6.15 MOXKHO JIErKO TOBTOPUTD C JIDYTUMU BEIECTBAM-
Mu. MBI MOXKeM, HAIIPIMED, COEIMHUTD UX BEPXHUE KPas C TOMOIIBIO IPOBOJIOKHT
WM HUTHU (U3 XJIOTIKA, TIOJIAICTEPa, MEJN U T.JI.), Yepe3 NAJouKy (U3 Jepesa, Me-
TaJuta, wiactuka, [IBX u T.11.), uepes nosocky (u3 6ymaru, aaroMuHneBoit posib-
', TAIIMPOCHOI GyMaru, TKAaHU U T.J.) U Tak jgajee. [locsie 3ol pone Ly pol, Mbl
HATAPAEM ILIACTUKOBYIO COJIOMKY. 3aT€M MbI HCIIOJIb3YEeM 9TOT HATEPTHIN ILIa-
CTUK JJIS 3aPAJIKA IEPBOTO JIEKTPOCKOIA IIyTEM COCKAOJIMBAHUS €ro HATEPTOIl
COJIOMKOit, KakK 3T0 66110 onucano B 3kcmepumenTte 6.2. [lo xomy, Mbl HAaOI01a6M
3a MOBeJIEHNEM BTOPOTO JIeKTpocKona. Eciin mosiocka BTOPOro 3j1eKTPOCKOIIa HE
JBUTAETCS U OCTAETCS B BUCSIIEM IOJIOXKEHUH, 9TO O3HAYAET, IYTO BEIIECTBO, CO-
€JINHSIIONIEe /IBA JIEKTPOCKOIIA, HE JIOMYCKAET Mepeaady 3apsaioB MeXKIy HUMA.
To ectb 310 BemecTBO siBIsIeTCs U30Js1TOpoM. C APYroit CTOPOHBI, €CJIH T0JIOC-
K& BTOPOT'O 3JIEKTPOCKOIIA IIOJHUMAETCH M OCTAETCS B IPHUIIOIHATOM IIOJIOXKe-
HUU, 3TO O3HAYAET, YTO IIPOU3OIILIA IIepe/iada 3apsia MeK/Iy JIEKTPOCKOIIAMI.
Yactp 3apsija, HAKOILUIEHHOTO B IIEPBOM 3JIEKTPOCKOIIE, ObLIa Iepefana depel3
COEJIMHSIIONIEE BEIECTBO BTOPOMY JIEKTPOCKOILY. BBITOTHSIS 9TOT SKCIIEPUMEHT,
MBI HAOJIIOAEM, 9TO BEIECTBa, KOTOPHIE PACCMATPUBAJINCH KAK HU30JIATOPHI B
skcriepuMente 6.12; He MO3BOJISIIOT 3apsiIUTh BTOPOil 3sekTpockon. C apyroit
CTOPOHBI, BEIIECTBa, KOTOPbIE PACCMATPHUBAJINCDL KAK IPOBOJHUKH B IKCIIEPU-
MeHTe 6.12, TO3BOJIIOT 3aPSIUTh BTOPOil JIEKTPOCKOI B 3TOM IKCIIEPUMEHTE.

6.5 OcHOBHBIE KOMIIOHEHTHI BEPCOPUYMa, IJIEKTPH-
4eCKOro MasgiTHUKA U 3JIEKTPOCKOIIA

Tenepb, KOrjia Mbl 3HAEM PA3JIMIME MEXKJLy IPOBOJHUKAMU U U30JIATOPAMU, Ha-
PAIy C UX OCHOBHBIMU CBOHWCTBAMM, Mbl MOXKEM IIOHATH KOHCTPYKIIMIO IIOCTPO-
€HHBIX JI0 CUX 0P UHCTPYMEHTOB.

B ciygyae meTassimyeckoro BEpCOPUyMa, Mbl MMEEM TOPH30HTAIBHYIO IIPO-
BOJAILYIO Uy (HalpuMmep, CTaJbHYIO CKpenky s Oymar) (Puc. 3.4 u 6.21
(a)). OBGbIYHO OHA MOJJIEPKUBAETCI HA BEPTUKAJIBHOM IIPOBOZAIIEM IiTudTe,
[IPUKPEIIEHHOM K JIEPEBSIHHOI 10cKe miu 1pobke. To ecTh Bce 91eMEeHThI 3TOr0
BEPCOPUYMa SIBJISIFOTCSI IPOBOJIHUKAMU. [171aCTUKOBBII BEPCOPUYM MMEET U30JIH-
pytomyto muisanky (Puc. 3.5 u 6.21 (b)). Bepcopuym Hrode, ¢ apyroif cTOpoHHI,
COCTOUT W3 U30JIUPYIONIEH ILJIACTUKOBOM ILIAILI 1 UMEET IPOBOJHUK HA OJHOM
13 CBOMX KOHYMKOB B BHJIe aytoMuuanesoil dombru (Puc. 4.22 n 6.21 (c)).

DJIEKTPUYECKHI MASITHAK COCTOUT U3 U30JIUPYIOMIEH IEeJKOBOH HUTH C IIPO-
BOJHUKOM Ha €€ HUXKHEM KOHIEe B Buje Oymaxkuoro aucka (Puc. 6.22). Ilesko-
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n3onaTop n3onaTop
NPOBOAHMK NPOBOAHMUK

(a) (b) (O]

Puc. 6.21: Komnonenrsr Bepcopuyma. (a) Merasuinaeckuii Bepcopuym. (b) Ilia-
cTukoBbIil BepcopuyM. (¢) Bepcopuym Tiode.

Basi HUTh UMeEET Perraoiiee 3uadenne. VIMEeHHO 9Ta HATh, BMECTe C ILTACTUKOBBI-
MU COJIOMKAMHE, KOTOPBIE SIBJISTIOTCSI COCTABHBIMU YaCTSIMU MasSTHUKA, IIPEIOT-
BpaImaioT yredky mpuobperennoro merogom [IKO 3apsiia B 3emutio. Ecim 661
He OBbLJIO TOH IIEeJIKOBOW HUTH U IIJIACTMACCOBBIX COJIOMUHOK, OYyMAasKHBIN JTUCK
HEe CMOT OBl yJIep>KaTh 3apsijl, [IOJIy9IeHHbI B Pe3yJIbTaTe KOHTAKTa C HATEPTHIM
marepuajoM. Eciim 6yMarKHbIil 1ucK ObLT TOJBEINEH, HAIIPUMED, Ha XJIOIKOBOM
HUATH, IPUBSI3AHHON K J€PEBIHHON IIIAXKKE, MBI HE CMOTJIN Obl HAO/IIONATH Me-
XaHU3M [PHUBJIEUYCHUsI, KOHTAKTA U OTTAJIKHABAHUSI.

n3onaTop

NPOBOAHUK

Puc. 6.22: KoMnoHeHTHI 3/IeKTPUIECKOTO MagTHUKA.

Heiision (cunTeTryecKuil moJuaMusl) U MOJUICTEPHbIE HUTU TOXKE BeIyT cebst
KaK m3019TOPbI. [103TOMy MBI MO2KEM HCITOIB30BATH STU HUTHU JIJIsi IPUTOTOBJIE-
HUS JIEKTPUIECKOI0 MAaATHUKA. HO MBI HE JOJIKHBI UCIOJb30BATH XJIOIKOBYIO
HUTb.

DJIEKTPOCKOIL, ¢ APYroil CTOPOHBI, COCTOUT U3 ABYX IPOBOJHUKOB — TOHKOI'O
KapTOHHOT'O IIPAMOYTOJIbHAKA W TOHKOHM OyMarKHOI IOJIOCHI, IONIEPKIBACMbIX
M30JISTOPOM B BIJIE ILTACTHKOBOM costoMkn (Puc. 6.23). DToT mracTuk nmeer pe-
maromiee 3HadeHne. ViMenno n3ompyromniee CBOMCTBO MIACTHKE IIPEIOTBPAINaeT
PaspAIKy HA3JIEKTPU30BAHHOI'O 3JIEKTPOCKOIIA B 3EMJIIO.

Ecsiz 661 MBI UCIIOJIB30BAJIH IEPEBAHHYIO IIIAXKKY BMECTO KYyCKa IIJIACTHKA,
JIEKTPOCKOII CPa3y Pa3psAuics Obl B 3€MJIIO IIOCJIE€ €0 IapalaHus HATEPTOI
cooMKkoit. [ToaToMy HEBO3MOXKHO OBLIO OBI JIEPXKATH €r0 B JIEKTPU3OBAHHOM
COCTOSIHUM TI0CJIE 3aPsIKU.
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Puc. 6.23: KoMmoneHTHI 971€KTPOCKOTIA.

6.6 BuusHnme pazHoOCTHU 3JIEKTPUYECKUX ITOTEHIIN-
aJIOB Ha MPOBOJsINEe WM N30JIUPYIOoIiee Mo-
BeJIeHUEe TeJia

B skcnepumenTax 6.4, 6.10 u 6.12 mMarepuaibl KIacCHMUIUPOBAINCH KaK IIPO-
BOJHUKY (M30JIATOPBI), €CJIU OHU Pa3psaKaju (He paspszkasin) JeKTPU30BAH-
HBIN JIEKTPOCKOI. JIpyroit crocod Takoit Kiraccudukammm — HAOIIOIATh, pas3-
PSIYKAIOT WA HET MATEPHUAJIbl JIEKTPUIECKUN aKKyMYyJIsiTOD.

Omnpenenenusi: MarepuaJbl, KOTOpbIe pa3psizKaloT OaTapeio Mpu CoeTnHe-
HUU TIOJIOZKUATEJIBHOIO U OTPUNATEIBHOIO IIOJIIOCOB aKKYyMYJISTOPHOI Oarapew,
HA3bIBAIOTCH NPo8odHUKaAMU. Marepnasbl, KOTOpble HE pa3psizKaloT Oarapero,
Ha3BIBAIOTCA U304AMOpamu. JJaBaiiTe MOCMOTPUM, KaK IIPOBECTH TaKyIO KJlac-
CUPUKAIIHIO.

OkcriepumenTt 6.17

MarepuaJibl, HCIOIb3YEMbIE B IAHHOM SKCIIEPUMEHTE, IIpeJICTaBIeHbl Ha Puc.
6.24. Mb1 ucmob3yeM TpU KyCcKa U30JIMPOBAHHOTO MEJIHOTO MPOBOJA C OTOJIEH-
HbiMu KoHIaMu (Puc. 6.24 (a)) 1 HOBYI0 GOJIBIILYIO IEJIOUHYIO GaTapero, pasMepa
D, ¢ pasHocTbio orennuanos 1,5 B mexy ee nosocamu (Puc. 6.24 (b)). Mox-
HO HCIIOJIb30BaTh TaKXKe OMOPY s baTapen, YTOOBI OOJEIIUTh €r0 JJIEKTPIIe-
cKoe coequuenue ¢ mpoogamu. HaM morpebyroTest TakzKe HeOOTBITAsT JTaMIOTKa,
Ha 1,5 BoabT 1 po3erka. MOXKHO TaK»Ke MCII0JIb30BATH IEPEKIII0YATEN b, XOTS 3TO
u He o0s13aresbHO (Puc. 6.24 (c)). Bee 3Tu npeiMeThl MOKHO HANTH B MarasuHax
JIEKTPOTOBAPOB U OBITOBOIl TEXHUKH.

O/iuH HeM30JIMPOBAHHBIN KOHEI[ [IEPBOIO IIPOBOJA COEIUHEH C OTPHUIATEb-
HBIM TIOJIFOCOM Oarapen. JIpyroit KOHEIT 9TOI IepBOii TPOBOJIOKHU OYIET M30IHYT
B KpIOYOK Ha Puc. 6.25. 9101 cBOOGOIHBIM KOHETL IePBOro IIPOBOJIA Oy1eM 0603HA~
qaTh OykBoit A. OJMH HEM30JIMPOBAHHBIN KOHEI| BTOPOI'O ITPOBOJIA, MIOJICOEIMHEH
K TOJIOKUTEJIFHOMY TIOJIIOCY OaTapem, a JPYroil KOHeI COEJIMHEH C OJIHOW u3
KJieMM po3erku. OJiMH KOHEI[ TPETHEro MPOBOJA COEJUHEH C JIPYToil KJIeMMO
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(2) (b) (c)

Puc. 6.24: (a) Tpu Kycka M30JIMPOBAHHON MEIHON MTPOBOJIOKY C 3a9UIIEHHBIMA
kounamu. (b) Hosas 6arapest pasmepa D. (C) Jlamnouka Ha 1,5 B u poserka.

poserku. JIpyroii KOHeI STOr0 TPETHEro NIpoBOAA OOpA3yeT ellle OAUH KPIOK.
Mer 6ynem o6o3HAYATH STOT CBOOOJHBINA KOHEI[ TPeThero nposoja Oyksoii B.
Paccrosinne mexkiny A u B noimkHO 66Th 0Kosto 10 eMm (Puc. 6.25).

a0

Puc. 6.25: Tecrep nenu.

Korma Bce rotoBo, MbI 6epeM 4eTBEPTHIN KyCOK MEIHON ITPOBOJIOKU 6e3 m30-
sy Ha, KOoHNaxX. OJIMH KOHeI[ 9TOT0 YeTBEPTOro MPOBOJIA MOJKII0YeH K A,
a jpyroii konen, Kk B. Jlamna Jo/pKHa 3aroperbcsd. D10 Oyler 03HAYATH, YTO
3JIEKTPUYECKUE COEIMHEHUs] NN KOHTAKTHI BBIMOJTHEHBI HAJJIEYKAIIUM 00Pa30M.
Kpowme Toro, 3To OGyner o3Ha4YaTh, YTO CYIIECTBYET JEKTPHUIECKUI TOK UYepe3
MIPOBOJIa U JIAMITY, KaK MoKa3aHo Ha Puc. 6.26.

Puc. 6.26: Korna mensoimpoBaHHBIE KOHIIBI MEJIHOU TPOBOJIOKH TIOJICOE TUHEHBI
K KoHnaM A u B, jaMIouka BKJIIOYAeTCH.

Tak Kak JaMIOYKa BKJIIOYAETCS, TOBOPAT, UTO MEIHBIN MTPOBOJ MPOBOIUT
JIEKTPUYECTBO, KOI/Ia OH HAXOIUTCH IO PA3HOCTHIO MOTEHIMAJIOB 1,5 BOJIbTA

~1,5B.
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Ecsiu smamna HAXOIUTCH B BKJIIOYEHHOM COCTOSIHUU B T€YEHUE HECKOJIBKUX
MUHYT, 6aTapess craHoBuTcs ciaabee. Ha 3T0 ykasbiBaeT MHTEHCUBHOCTDL CBETA,
KOTOpAasl MOCTEIIEHHO CHUKAETCS U MAJIAeT JIO HyJIsd. B pe3ybrare akKyMyJIsaTop
paspsizkaercd. ITobbl IPeOTBPATUTD PA3PIKY, CJASLYET PA3OMKHYTH 1IEIb (TO
€CTh YJIAJUTh YeTBEPTHIA IPOBOJ), KAK TOJIBKO JIAMIIOUKA BKJIIOYUTCH.

OkcrniepuMeHT 6.18

o Havaa CJIeIyIOEero IKCIePUMEHTa, HEOOXOIMMO 00ECIIeInTh, ITOOBI SKC-
epuMenT 6.17 paboTast TO/KHBIM 00pa30M € KaKIbIM U3 MATEPHAJIOB, KOTOPBI-
MU MBI OyJIeM TIOJIb30BaThCs. DTO OyIeT 03HAYATH KAYECTBEHHOE BBITOJTHEHUE U
UCIIPABHYIO PADOTy BCEX IJEKTpUIECKUX coennnenuii. Mbr Gymaem caurarh, ITO
9TO yzKe IpoJiesIaHo. MBI TakzKe IpejroJiaraeM, YTo barapes: Bee ele sIBJIAeTCs
Hepa3psyKeHHOH Iocse yaaleHus 9eTBEePTOro IPOBO/IA.

Tenepb MbI coeiuHsieM TOUKUA A 1 B ImJIacTUKOBO# coJIOMKOIA. JlaMmmodka npu
9TOM HE 3aropaercs. ITO yKa3bIBAET HA TO, 9TO JEKTPUIECKUIl TOK HE TedeT
4epes niensb (Puc. 6.27 (a)).

ey

(a) (b)

Puc. 6.27: (a) Jlamnouka He BKJIOUaeTcs pu coequHernn A u B nuiacTUKOBOM
costomkoii. (b) Jlamnouka me 3aropaercst u npu coequnenun A u B mocpegacTsom
JIePEeBAHHOI MIITAXKKU.

OmnpenesieHne: MIACTHK SBJISETCS W30JUPYIOMIM MATEPUAIOM, KOTIa OH
HaXOIUTCH II0J[ PA3HOCTHIO MOTEHIHUaJ0B 1,5 BosbT. OCHOBAHMEM [IJIsI 9TOTO
OIIpeieJIEHUs] SIBJIIETCSI TO, YTO Pas3psiiKa aKKyMYJIATODHOI GaTapeu He IIpo-
HCXOJIUT, KOTJIa €€ MOJIOXKUTEJbHAS U OTPUllATeIbHAas KJIeMMbI COeIUHEHbI TIIa-
crukoM. O6 3TOM CBHIETEIBCTBYET TOT (PAKT, YTO JIAMIIOUKA HE BKJIFOYAETCS,
Korga A u B coequHeHbI IJIACTUKOBOI COJIOMKOI.

OkcriepuMeHT 6.19

Muri noBTopsieM sKcnepumenT 6.17, HO Teneps Mbl coeunsieM A u B npyrumu
BEIIEeCTBAMU.

Iist ymobeTBa, MBI MOTJIM ObI YCTAHOBHUTB IIEPEKJIIOYATENb MEXKIY HEPBBIM
wi BTOPBIM poBojiamu. C TOMOIIBIO JIAHHOTO MEPEKJII0YATE ST MOKHO OTKPBI-
BaTh WJIN 3aKPBIBATH JIEKTPUUECKYIO I[ENb 110 XKeJIAHUIO. MbI pa3MbIKaeM Ielb
C TIOMOIIBIO TTEPEKJIIOYATEISI, ¥ IIOMEIAeM HCIBITHIBAEMOE BEIECTBO MexKIy A
u B. MbI 3areM 3aMbIKaeM IeIb U HAOJIFOIAeM 32 JIAMIIOYKOMN.
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Omnpenenenns: Korna cBeT BKIIOYAETCH, BEIECTBO HA3LIBAETCS IIPOBOIHU-
koM. Korja ceer He BKJIIOYaeTCsl, BEIIECTBO HA3BIBACTCA U30JATOPOM. MbI MO-
2KeM IIPOBEPUTHL TaKUM 00Pa30M BCE BEIeCTBA, IePEUNCICHHbIE B 9KCIICPUMEHTE
6.12.

9o nokazano na Puc. 6.27 (b), rue A u B cBA3aHbI I€PEBIHHON MIIAKKOIA.
B aroMm cirydae jlaMIouka He BKJIIOYaeTCs. B COOTBETCTBUM € HAIIMM OIIpejelie-
HHUEM, 3TO yKa3blBaeT Ha TO, YTO JIPEBECHHA SABJISETCS U30JISTOPOM, KOTJa OHA
HAXOJHUTCA IOJ, PA3HOCTBIO IOTEHINAIOB 1,5 BOJIBT, XOTs JiepeBaHHAas IIIaKKa,
ABJIAETCA IIPOBOJHUKOM IIPU 3HAYUTEILHO 60JIee BHICOKUX HANPSKCHHUAX.

DkcnepumeHT 6.20

Jlyamuit criocob TecTHpOBaHUS YKUJIKOCTH COCTOUT B UCIOJb30BAHUH H30-
JIIPYIONIEro cocy/ia (IIaCTUKOBDIH cTakaHduK, HanpuMep). IlepBoHadanbHO OH
JOJI?KeH OBITh IIyCThIM. ATOOBI IPOBEPUTH, JEHCTBUTEIHHO JIU OH SABJISETCS U30-
JIATOPOM, MbI coejunsieM A u B uepes sror mycroii cocyn. Mbl OyieM cauTars,
YTO CBET He BKJIIOYAETCs, YKa3blBasl HA TO, YTO OH SIBJISIETCSI U30JISITOPOM IIPU
HaIpsizkeHnu B 1,5 BoJibTa.

[TnacTUKOBBIM CTAKAHYMK 3aTE€M 3AIIOTHSIETCS XKUJIKOCTBIO IJIs TeCTHPOBa-
uus. [Tocste sToro, Trepmunassl A u B norpyzkaiorces B )kujkocth. Ha Puc. 6.28
MBI IOKa3bIBaeM, YTO IIPOUCXOAUT C IIPECHON BOJOI U3-110/] KpaHa UJIN JI0ZKIeBOM
BOJIOIA.

A B

Puc. 6.28: Jlammouka e BKJIO9aeTCsi pu coefquHeHun A u B 4uepe3 MpecHyio
BOILY.

To ecTb cBeT HEe BKJIOYUAETCS, yKA3bIBasi Ha, TO, ITO CBEXKAs BOJA SIBJIACTCH
MU30JIATOPOM, KOIJIa OHA HAXOJAUTCS I0JI PA3HOCTBHIO TIOTEHINAJIOB B 1,5 BOJIbTA.

6.6.1 BemecTBa, KoTOpBbIE BeayT ce0si KaK IMMPOBOJHUKHN U
U30JIATOPHI IIPUA MAJIbIX 3HAYEHUAX PA3HOCTU IMOTEH-
MaJioB

MpbI TpOBOTIM HECKOJILKO TECTOB, aHAJOTMYHBIX dKcrepuMenTam 6.17 — 6.20.
Koneunsiit pe3y/ibraT BBITJISIIAT CJIEIYOIMM 00pa30M:
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e BemiecTBa, KkOTOpHIE BeayT cedsd KaK MPOBOAHUKU MPU PA3HOCTHU
noreHIiagos 1,5 B:
Bce meTamb.

e BemiecTtBa, KOTOpPBIE BEeAyT cedsaA Kak M30JATOPHI IPU Pa3HOCTHU
noreHIiagos 1,5 B:
Cyxoit BO3/IyX, BJIAXKHBI BO3/YX, AHTaph, IJIACTHUK, IIEJIK, JI€PEBO, MO0~
rpeToe CTEKJIO, CTEKJIO MPU KOMHATHOI TeMIeparype, HEHJIOH Wih CHH-
tetnyeckuit nosmamui, [IBX, momuscrep, mepeTsb, 4eI0BeIeCKIe BOJIOCHI,
AKPUJIOBbIE TPYOKHU, AKPUJIOBas TKAHb, CTUPOQOM, IITOKOJIA/T, MOJIOTHIN KO-
de , 6ymara, TOHKHUiT KapTOH, 06epTOUYHAs OyMmara, Kycok mena, dpapdop,
[pecHasi BOJIa, CIHUPT, IAMILyHb, KEPOCUH, MOJIOKO, 0e3a/IKOroJIbHbIe Ha-
[IATKY, MOIOIIME CPEJICTBA, MUIIEBOE PACTUTEIHLHOE MACJIO, CTEHA, JTOCKA,
npobKa, KOXKa, IMIMeHNYIHAs MYKa, KYKypy3Has MyKa, aKpUIOBas HUTD,
COJIb, caxap, OIUJIKH, 3€MJIsl WJIM [JINHA, KUPIUY, PE3UHA U T.1.

MbI MOXKEM CPABHUTH PE3YJIBTATHI ITOIO IKCIEPUMEHTA C IKCIEPUMEHTAMMU
6.12 u 6.13. D10 cpaBHeHNE TPUBOIUT K BBIBOIY, UTO MOHATHUS NMPOGOOHUKU U
U30AAMOPYL SIBIISIIOTCST OTHOCUTEBHBIMU. TO €CTh Takme BEIecTBa KaK CTEKJIO
U JIepeBO, KOTOPbIe BeAyT cebs KaK IMPOBOJHUKH B OOBIYHBIX JIEKTPOCTATIIE-
CKHUX KCIIEPUMEHTAX, BeJAYT cebs KaK M30JIATOPHI IIPU PA3HOCTH IOTEHIINAJIOB
1,5 B. MubI He OyzieMm BIaBaTbCs B MOJIPOOHOCTH, HO B 3JIEKTPOCTATUKE pabOTa C
HanpszKeHuAMEu B rpesetax ot 1000 sosst g0 10 000 BossT (TO ecth, ot 10% V
n 10% V') aBiisiercs OOBIYHBIM JIEJIOM. 3/IECh PEYb MJIET O PA3SHOCTH [IOTEHIUATIOB
MEKJy 3apszKeHHBIM TeJIOM (KaK HATEPThIA KYCOK IIACTUKA, UM 3aPsI?KeHHBII
9JIEKTPOCKOLI) U 3eMJIell; MM MezK Ly KOHIIAME TeJia (KOT@ Mbl XOTUM BBISICHUTD,
BeJleT i cefs 9TO TeJIO0 KaK IPOBOJHUK UM U30JIATOD). B 9Tux yesaosusix 6051b-
IIITHCTBO BEIECTB BelyT cebsi KaK IIPOBOIHUKN, KaK MbI y2Ke Bujeaun panee. C
JIPYTO# CTOPOHBI, PA3HOCTH ITOTEHITUAJIOB, KOTOPAasi BO3HUKAET MKy ITOJTFOCAMU
OOBITHO XUMUIECKO OaTapen, 3HAUNTEIbHO HAXKE U HAXOJNUTCS B IpEJeIax OT
1 B mo 10 B. Ilpu takmx HU3KUX PA3HOCTAX ITOTEHIINAJIOB HEKOTOPBIE BEIECTBA
(ranpuMep, mepeBo, GyMara, pe3uHa U CTEKJIO) BEJyT Cebsl KaK M30JISITOPBL. DTO
[IOKA3bIBAET, UTO MbI JIOJI2KHBI OBITH OY€Hb OCTOPOXKHBI, KJIACCU(PUIUPYsI Bellle-
CTBO KaK IPOBOJIHUK WJIU M30JIITOP. B KOHIIE KOHIOB, ITOBEJIEHIE BCEX BEIECTB
3aBUCUT HE TOJIBKO OT BHYTPEHHE IIPUCYIINX UM CBOMCTB, HO U OT BHEIIHE pa3-
HOCTH MOTEHITUAJIOB, ITOJT KOTOPOW OHU HAXOJATCA. DTO OUYCHb BAYKHBIN ACIIEKT,
0 KOTOPOM BCerJla Hy>KHO IIOMHHTb.

CymrecTByeT rpajarus MeKy OOBIIHBIME IKCIEPUMEHTAME JIEKTPOCTATH-
KU U 9KCIIEPUMEHTAMH, TJI€ Mbl IMEEM JIEJI0 C PA3HOCTBHIO TOTEHITHAJIOB B HECKOJIb-
KO BOJIBT. JIpyrumu cjoBamMu, €CTh rpajalus B IPOBOJSAIINX U U30JIAPYIOIIX
CBOMICTBaX TeJI, KOIJIa MbI IlepexoanM oT pasnoctu rnorennuasoB 10000 B k pas-
HOCTH TIOTEHIINAJIOB B HECKOJILKO BOJIBT.

[ToaToMy mMeeT CMBIC MOJKOPPEKTUPOBATEL HAILy TepMUHOJIOrHI0. OObrd-
HO MBI F'OBOPHMM, UTO HEKOe Tejio A sAsasemces IPOBOJHUKOM, B TO BpeMsl KakK
npyroe Tejio B asasemca uzonsropom. TeM He MeHee, BBUIY TOTO, 94TO OBLIO
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TOJIBKO 9TO CKA3aHO, MPABUJIbHEE OBLIO ObI CKA3aTh, YTO B ONPEIEJEHHBIX yCI0-
BUsX Tejio A eedem cebs Kak NPOBOJHUK, a B JPYTUX YCJIOBHUAX OHO gedem cebs,
xax uzoaarop. To ke camoe crpaseyueo mist Tena B. Ho 310 mpuBeno 661 K
HEOIIPABJIAHHOMY YJJIMHEHUIO U YCJIOKHEHUIO Tpeioskenuit. [1o aToil npudnne
MBI Oy/IeM MPHUIEPKUBATHCS OOIMENPUHATOTO MPABUJIA U TOBOPUTH, UTO Teja
ABAANOMCA TIPOBOJHUKAMA WA U30JsiTopaMu. Ho ciiefyer MOMHUTBL, 9TO 3TO
OTHOCUTEJIbHBIE TIOHSATH, KOTOPbIE 3aBUCSAT HE TOJBKO OT BHYTPEHHUX CBOMCTB
9TUX TeJI, HO U OT BHEIIHUX YCJIOBUl, KOTOPBHIM OHU ITO/IBEPKEHDI.

6.7 [Ipyrue acrieKTbl, KOTOPbIE€ BJIUSIOT HA IIPOBO-
OdIIre U U30JIMPYIoIe CBOMCTBA BEIIECTBA

[IpoBomuuKH; OBLIN ONpeIesIeHbI B Toapasaee 6.3.1 Kak BelecTBa, KOTOpbIe pas3-
PSPKAIOT 3JIEKTPU30BAHHBIN 9JIEKTPOCKOII, KOTJIA MBI TPOTaeM JIEKTPOCKOIT STHM
BerecTBOM. B0 TOpEI, ¢ APYTOit CTOPOHBI, OBIIA OIPEIETeHbI KaK BEIECTBA,
KOTOPBIe He Pa3psIzKaioT 3JIEKTPU30BAHHBII 9JIEKTPOCKOI, KOTJIa MBI TPOTaeM UM
3jieKTpockorl. B pasznene 6.6 MbI BUIeJIH, YTO 9TO OTHOCHTE/IbHBIE MTOHATHSA. B
KOHIIe KOHIIOB, B 3aBUCHUMOCTH OT 3JIEKTPUUIECKON Pa3HOCTHU IOTEHIINAJIOB, Jeii-
CTBYIOINX HA KOHIIAX BEIECTBA, OHO MOYKET BeCTH cebsI KaK MPOBOIHUK MJIN KaK
n3071TOp. B 9TOM pasmese Mbl KpaTKO YIOMSHEM TPHU APYTHUX acIeKTa, KOTOPhIe
TaK>Ke BJIMSAIOT Ha, TU OIPEIeICHUSI.

6.7.1 Bpewmsi, Heobxo/IuMOE JIJIsT Pa3psaAKN 3JIEKTPU30BaH-
HOT'O 3JIEKTPOCKOMa

dkcnepumenT 6.21

Mpbr1 3apsizKaeM 3JIEKTPOCKOII U CTABUM €r0 Ha CTOJI B CyXOil JIeHb. 3aMeTHM,
9TO TIOJIOCA OCTAETCA B MOJHITOM COCTOSHUN B TeUYeHHE HECKOJBKUX CEKYH]I,
WIN JlaKe B TedeHhe HeCKOJbKuX MuHyT. OJHAKO, [0 TPOIIECTBUN JOCTATOYU-
HO JJINTEJIbHOTO BPEMEHM, KaK OJIMH Yac, HaIIPUMeD, JIEKTPOCKOI IIOJIHOCTHIO
paspsiKaeTcs.

DT0 O3HAYAET, YTO OIpEJeJIeHNsI IIPOBOIHIKA U U30JISITOPA B IOJpa3jelie
6.3.1 3aBucaT OT BpemeHU HaO/rOfeHusA. J[Jisi HTepBaJia B HECKOJIBKO CEKYHI,
CYXOH BO3IyX MOYKHO PacCMaTpHUBAThL KaK XOPOIIWl n30a4Top. i naTepBasa
B OJIMH YaC, C JPYTOHl CTOPOHBI, CyXOl BO3IYX MOXKHO KJIACCHU(DUIIMPOBATH KaK
IIPOBO/IHUK, ITIOCKOJIBKY OH IIO3BOJISIET Pa3PSAUTH JIEKTPOCKOIL.

Omnpenenenusi: B JaHHbIX ONpe/IeIeHUsIX Mbl UMEEM B BHJLY SKCIIEPUMEH-
TaJIbHBIE TTPOIE/YPhl, ONUCcaHHble B pa3jese 6.3. s 1ieseit 9Toit KHUTH, MBI
MOXKEM OIIPEJIESIUTh TOPOUWUE NPOSOJHUKY KaK BEIIECTBA, KOTOPBIE Pa3pPsizKatoT
JIEKTPU30BAHHBIN 3JIEKTPOCKON TPU KOHTAKTE C HAM 33 ITPOMEYKYTOK BpPEeMEHU
MeHbIIe, 4eM 5 ceKyHII. [lioxue nposodnuku WU NAOTUE U3OAAMOPLL ITO Be-
IECTBA, KOTOPBIe Pa3PsKaIOT JIEKTPOCKOII B TeUeHNe HHTePBAIa BPEMEHH OT D
cexyHI, 10 30 CeKyHJ . DTH TeJia TaKXKe HA3BIBAIOTCS HECOBEPUEHHDBIMU TPOBO0-
HUKAMU U HECOBEPUEHHBIMU U3oaamopamy. Hakorer, xopowue uzoaamopvl
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3TO BEIECTBA, KOTOPbIE TPEOYIOT BpEMEHHOH nHTepBaJI OoJibIie, deM 30 CeKyHI,
9TOOBI PA3PSINTD JIEKTPUIOBAHHBIN 3JIEKTPOCKOIL.

6.7.2 JInuHa mpeaMeTa, KOTOPbIl BXOAUT B KOHTAKT C JI€K-
TPU30BAaHHBIM 3JIEKTPOCKOIIOM

OkcnepumeHt 6.22

MBI BeIpe3aeM HECKOJIBKO IT0JIOC OyMaru, MupuHoii 2 ¢cM u jyuHoi or 10 cM
1o 1 m. 3apsi2kaeMm 3JIeKTPOCKOIT U CTaBUM €ro Ha CTOJI B cyxyio moromxy. [Ipu-
nep:kuBas KoHer, 10 ¢cM JIEHTBI B PyKe, MbI IIPUBOJINM €€ CBOOOIHBIN KOHEIT B
KOHTaKT C KpaeM TOHKOTO KapTOHa 3JIeKTpocKomna. Habmomaercss ObICTPBIA pas3-
psin astekTpockona. CorracHo onpeiesiennio u3 nojapasaena 6.7.1, 3ro o3Hagaer,
YTO 3Ta I0JI0CA MOXKET PACCMaTPUBATHCS KAK XOPOIIHl TPOBOIHUK.

Mps1 3apst2kaeM CHOBa JIEKTPOCKOII, UCIIOJIb3Ys Ha 3TOT pa3 OyMarKHYIO I10-
gocky 30 cm X 2 cM. OauH KoHell OyMayKHOI ITOJIOCKH MBI JIEPXKUM B PyKe, a
ee CBOOOHBIM KOHEIT KacaeTCsl KapTOHA JIEKTPOCKONa. Termepb Mbl MOXKEM JIeT-
KO 3aMeTUTh MHTEPBAJ BPEMEHU B HECKOJIBKO CEKYHJI, KOTOPBI Tpedyercs Ijis
pa3psaIKy IEKTPOCcKona. B 3aBucumocTn oT Tuma Oymarn, 3ty 30 cM IMOJIOCKY
OGyMaru MOXKHO PACCMaTPUBATH KaK ILJIOXON ITPOBOIHUK.

DTOT IKCIEPUMEHT YETKO TIOKA3BIBAET TaKKe, 9TO C TeYEHNEeM BPEMEHU yBe-
JITYUBAETCH KOJUIECTBO 3aPsi/id, IOTEPIHHOIO SJIEKTPH30BAHHBIM IJIEKTPOCKO-
oM (cMm. mozpasien 6.7.1). Pasuuiia sumb B TOM, 9TO B HBIHEIIHEH CUTyaIun
JIEKTPOCKOII Pa3psZKAeTCsI B OCHOBHOM 4epe3 OyMazKHYIO IOJIOCKY, & He depe3
OKPY2KaIOIUHA BO3ILYyX.

DJIEKTPOCKOII 3aPSIZKAETCS €ITe Pa3 U IKCIEPUMEHT OBTOPSIETCSI C TIOJIOCKOIA
O6ymaru gymHON 1 M u mUpuUHOH 2 cM. 3aMETUM, ITO JIEKTPOCKOI OCTAETCS 3a-
PsI?)KEeHHBIM B Te€UeHHe HECKOJIbKuX cekyH. [lo ompenesrenuto momgpasmena 6.7.1,
9TO O3HAYAET, YTO ITY MOJIOCKY OyMmaru JIMHON B 1 M MOXKHO pPacCMaTpUBATh
KaK XOPOIIUHA U30JIATOP.

DTOT IKCIEPUMEHT TTOKA3BIBAET, UTO JIJTMHA [TPEIMeTa OKA3bIBAET BIUSHIAE HA
TO, Oy/eT JI OH BeCTU cedsl KaK MPOBOIHUKA UIN KaK M30JISITOD. Y BEJTHINBAs
JUIMHY IIPEJIMeTa, COEIUHSIIOIIEro Hally PYKy C KapTOHOM 3JIEKTPOCKOIIA, MBI
YBEJINYNBAEM KOJIMIECTBO BPEMEHU, HEOOXOMMMOE [IJTsl PA3PSIIIKU JIEKTPOCKOTIA.

6.7.3 Ilgoniaapb MONEpPEeYHOro Ce4YeHWs BeIlecTBa, BXOIs-
MIero B KOHTAKT C 3apsi?>KEHHBIM 3JIEKTPOCKOIIOM

DkcnepumeHT 6.23

Mpbr 3apszKaeM 3JIEKTPOCKON W CTABUM €ro Ha cTOJ. MBI JmepKuM denoBe-
YecKU BOJIOC B PYKE 3a OJIMH KOHeIl, a JIDYI'MM TporaeM TOHKHI KapTOH 3apd-
JKEHHOTO 3JIEKTPOCKOIA. 3aMeTHM, YTO JIEKTPOCKOI OCTAETCS 3aPSKEHHBIM B
TedYeHNe HECKOJIBKUX CEKYHII. DTO YKa3bIBaeT Ha TO, YTO MBI MOYXKEM KJIaCCU(pU-
UPOBATH OJWHOYHBIN YeJIOBEYECKHUIT BOJIOC KAK XOPOIIUI HU30JITOP.

169



SapsizkaeM 3JIEKTPOCKOII eIle Pa3, U YBEeJUIUBAEM KOJHIECTBO BOJIOCSHBIX
BOJIOKOH B HalllUX PpYyKaX, KaCadCb UX CBO60):LHI)IMI/I KOHITaMH1 O/THOBPEMEHHO Kap-
TOH 3JIEKTPOCKOIIA. 3aMEeTHUM, 9YTO [P YBEJMYEHUU KOJUIECTBA BOJIOC, Pa3psi
npoucxoauT ObicTpee. Hampumep, mydoK BOJIOC, COCTABJIEHHBINA U3 JECATKOB BO-
JIOKOH, MOXKET Pa3psIUTh JIEKTPOCKOI B T€UE€HNE HECKOJbKHUX CEKYHI. 10 ecTh
MBI MOYKeM KJIACCHU(MUITUPOBATH 3TY HPSIb BOJIOC KAK XOPOUINN TPOBOIHUK.

ITomobubIe 9KCIIEPUMEHTHI TOKA3bIBAIOT, YTO ILJIOMIAb [TOIIEPEIHOIO CEYEHUS
TeJla UMeeT BJIMsIHUE HA ero IIPOBOJISIINE U U30JUPYIOIIre CBoicTBa. dem 00Jib-
1II€ TLJIOIIA/Ib [TOTIEPEYHOTO CEUEHUsI IIPEIMETa, COEIMHSIIONIEr0 HAIITY PYKY C Kap-
TOHOM 3JIEKTPOCKOIIA, TEM MEHbIIIe BPEMEHU TPeOyeTcst JJIsl PA3PSIKHI SJIEKTPO-
CKOIIA.

B sroit kaure Mb1 He OyemM 00CyKIaTh H60JIee TTOPOOHO ACTIEKTHI, TPEICTAB-
JIeHHBIEe B pasjeiax 6.6 u 6.7.

6.8 DiekTpm3alis IPOBOIHUKA TPEeHUEM

OKkcriepuMmeHT 6.24

OxkcrmepumenT 2.11 mokasas, YTO HEBO3MOXKHO 3apsiIATh METAJI TPEHUEM,
yIepKuBas ero pykamu. Temepb, KOTia Mbl OTKPBLIN PA3JININE MEXKTY IIPOBOJI-
HUKAMH U U30JIATOPAMHE, U yIUTHIBAs, YTO IEJIOBEUIECKOE TEJIO SIBJIAETCS IIPOBOJI-
HUKOM, MBI MOKEM TIOIIPOOOBATH Pa3IMYHble BADHAHTHI 3TOI0 KCIIepUMeHTa. B
KOHIIe KOHIIOB, BIIOJIHE BO3MOXKHO, YTO METAJLI ITOJIyYaeT 3apsij] IPU TPEHUH, C
MIOC/IEIYIONIEH €ro yTedYKOoil B 3eMJII0 depe3 HaIllle TeJ0. JTOT HOBBIA SKCIepu-
MEHT CBUJETEIHCTBYET, ITO MMEHHO TaK OHO U IIPOUCXOJINT.

Ha sror pa3 mbr mommepxkuBaem merasn ua kKouie [IBX tpybku mmmoit 30
cM. B katecTBe MeTas1a MOKHO B34Th, HAIIPUMED, AJTIOMUHUEBBIN YaitHuk. Yaii-
HHUK MOKHO HaJIeTh I'OJIOBOI BHU3 Ha BepTukayibHyio [IBX Tpybky. Mbr 3aps-
2KaeM OJINH 3JICKTPUYECKUIl MasgTHUK OTPUIATEILHO, a APYTOH ITOJI0XKUTEIBHO,
Kak B paszzese 5.4. DTu 3apsiKeHHbIe MAaSTHUKU CJIEAYeT IepKaTh TaK, YTOOBI
OHH HE COIPUKACAJINCD.

TpyOKy mepkuM B pyKax, He Kacasch MeTasia. Mbl obopadmBaemM JApyryio
PYKY B IOJINITHJIEHOBBIN IIAKET U HATHPAEM STUM ILIACTUKOM HEOOJIBIION yda-
crok uaitHuka. Bcee eme nmepxka [IBX TpyOKy pykamm, He KacasiCb MeTaJLia,
MBI [TOJTHOCHM HATEPTHIA yIACTOK AJIOMUHMEBOIO YAMHWKA K JIBYM IIPOTHUBOIO-
JIOZKHO 3aPS?KEHHBIM MasgTHUKAM, KaK BCErJa IIPEJIOTBPAIasi STA BEMeCTBA OT
COIPUKOCHOBEHUSI C 3apPsi?KEHHBIMHU OyMAaKHBIMUA JINCKAMHU MASTHUKOB. 3aTeM
MBI IIOJHOCHUM HaTeprIﬁ Y49acCTOK IIOJIMITUJIEHOBOT'O ITaKeTa K JIBYM IIPOTUBOIIO-
JIOZKHO 3apsI?KEHHBIM MasTHHKaM, He JIOIYCKas W Ha 3TOT Pa3 KOHTAKT MEXKIy
unvu. Haburroiast 3a mpuTsizKeHneM U OTTAJKABAHUEM MEXKTy STUMU BEIIeCTBa-
MU ¥ MAasSTHUKAME, Mbl BHIUM, UTO IJIACTUK 3aPIAJICS OTPUIATEIBHO, B TO
BpeMs KaK AJIIOMHHUEBBIH YaflHUK CTAJ IOJIOYKUTEJHHO 3aPsI2KEHHBIM.

DkcnepumeHT 6.25
Mpu1 moBrOpsiem sKciiepuMenT 6.24. Ho Temeps Mbl pacCCMOTPUM HEHATEPTHINH

Y49acCTOK IIJIACTUKOBOT'O ITaKeTa, KOTOprfI HaXOJUTCd JaJIeKO OT HaTepTOfI HJacCcTH.
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Korja Mbr mepemeniaeM HEHATEPTHIN yIacTOK OJIM3KO K JIBYM 3apsi?KEHHBIM Ma-
ATHUKaM, MadTHUKNU HE 6yﬂyT YKa3bIBaTh Ha HaJIU49IHUE€ CyMMapHOI'O 3aps/ia Ha
9TOM HEHATepTOM ydacTKe mjiactuka. C JApyroil CTOpoHBI, JH0Oast 9acThb U30JIM-
POBaHHOIO YaifiHUK Oy/ieT BIUSTH HA MasSTHUKHU, KOI/A YANHUK MPUOJINKAETCS
K HUM. 9TO IPOUCXOIUT HE3ABUCUMO OT TOTO, HAXOJUTCS YIACTOK JYailHUKA, KO-
TOPBI TOJTHOCUTCS K MAsiTHUKAM, OJIN3KO WA JIAJIEKO OT HATEPTOOTO yYacTKa
qafinuka. To ecTdb /0bast 9acTh daiiHuka OyjIeT BecTu cebs Kak OYITO OHA IO-
JIOKUTETIHHO 3apsizKEeHA.

[Toio6HbIE 9KCIIEPUMEHTHI TTOKA3BIBAIOT, YTO MBI MOYKEM HAJIEKTPU30BATH
[IPOBOJIHUK TPEHUEM, €CJIM [TPOBOIHUK M30JIMPOBAH BO BPEMsI TPEHMUSI.

Tor dhaxT, 9T0 MeTaNIBI TOXKE MOXKHO 3aPSAAUTH TPEHUEM MPU HAJUIAUA XO-
pormeit m30/1AIIN, OLLT OOHApY¥KeH Jumb B 1770-x rogax.’

6.9 COXpaHeHI/Ie AJIIEKTPUYIECKOI'O 3apdaa
OkcriepumMeHT 6.26

Bozbmewm meiirpanbayo [IBX TpyOky u HeWTpaJIbHBIN ILTACTUKOBBINA MAKET,
kak B ombiTax 2.1, 3.1 m 4.5. MbI 3apsizkaeM OJMH 3JIEKTPUIECKUIT MAaSITHUK
OTPHIATETHLHO, & JIPYTOil IOJIOKHUTEJbHO, KaK B pasjeie 5.4. 3areM HaTwpa-
em IIBX TpyOKy I1acTUKOBBIM makeToMm. MbI Tenepb MeJJIEHHO MTOHOCUM Ha-
TEPTYIO 9aCTh TPYOKM K KaXXKIOMY U3 3aps?KEHHBIX MasTHUKOB, [IPEIOTBPaIasi
KOHTAKT MEXKJy TPYOKO#l u MasiTHUKaMu. Mbl MOXKeM 3aK/IIOUUTh, 9TO TPYOKa
3apsiKeHa OTPHUIATE]HHO, TAK KAK OHA OTTAJKHUBAET OTPHUIATE/IHFHO 3aPsiyKEeH-
HBII MasgTHUK U IPUTATUBAET IIOJIOKUATEIHHO 3apsizkeHHbIi. [lonnocsa memienno
HATEPTYIO YaCTh IIJIACTUKOBOTO IMaKeTa K KayKJIOMY U3 3apsS?KEHHBIX MAasTHU-
KOB, KaK BCErJia He JIONyCKas KOHTAKT MEXKJy HUMU, Mbl MOYKEM 3aKJ/IIOUUTh,
YTO IUIACTUKOBBIM MAKET CTaJl MOJOXKUTEIHHO 3aPAKEHHBIM.

IIpoananuzupyem Temepb pe3yIbTAThI OMBITOB pa3jesa 5.4 BMeCTe ¢ IKCIIepH-
MenTamu 6.24 — 6.26. OHu MOKA3BIBAIOT, YTO IIPU TPEHUU OJIHOTO HEATPAILHOTO
Tejia APYTUM HEATPAJBbHBIM TEJIOM, OJINH U3 HUX IPUOOPETAET MOJIOKUATETHHBII
3apsl, a APYroil — OTPHUIATEIbHBIN 3apsai. DTO MOXKET ObITH JIerKO OOHApPY-
2KEHO TOJIBKO TOTJA, KOTja oba Teja ABJISIoTCS u3oJsiropamu. Korma onmno u3
9TUX TeJI fABJISETCS M30JIATOPOM, a JIPYroe IIPOBOJHHUKOM, 3apsiJl, IPHOOpeTeH-
HBI [TOCJIEIHUM, KaK [PAaBUJIO, yiiJeT B 3eMJII0 Yepe3 Hallle TeJ0. JTO MOMKET
CO3/IaTh BIEYATIICHUE, UTO 3aps] Ha U30JIATOPE BO3ZHUK U3 HUYETO, MOCKOJILKY
MIPOBOJIHUK PA3PSIUJICSA Ccpaldy mocje Tpenns. s Toro, 9robbl HAOMIOATD 3a-
psiZl, TpUOOPETEHHBIH IPOBOJHUKOM IIPU TPEHUU C APYTUM TEJIOM, HEOOXOIUMO
JIEKTPUYECKU U30JIMPOBATH IPOBOJsInee Teso. Kormga oHO M30/MpOBaHO, IIPH-
0OpeTeHHbIN 3apsi1 He OyJIeT pa3psaKaThbCs B 3€MJIIO, UTO TO3BOJIUT HAOIIONATH
€r'0o CBOICTBA.

6[Hem80] n [Hei99, cTp. 252, samerka 10].
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OxcrnepumMenT 6.25 erie pa3 MOKA3BIBAET, UTO 3apsiji, MPUOOPETEHHbIH n30-
JIATOPOM B pe3yJIbTaTe TPEHUs, HE PACHpPEesIseTcs 110 BCeEMY H30J4Topy. 1o
€CTb KOHIIEHTPAIUS 3apsi/ia B 00JIACTH HATEPTOrO yJIacTKa Tesa coxpansercs. C
JPYTo#l CTOPOHBI, 3apsijl, MPUOOPETEHHBIN TPOBOJHIUKOM IIOCPEICTBOM TPEHWUS,
OBICTPO PaCIpEeNseTCs MO BCEil ero MOBEPXHOCTU. 10 eCTh OH HE OCTAETCS B
00JIACTH HATEPTOTO yYIaCTKA.

B crenyromux sKcriepuMeHTaX MbI HCIOIB3YEM NIBa JIEKTPOCKOIA OJIMHA~
KOBOTO pa3mepa. [Ipearnomokum Takke, ITO UX MOJOCKH UMEIOT OJIMHAKOBDLIE
pa3Mepbl U OJMHAKOBYIO 9YBCTBUTEIBHOCTD (TO €CTh OJUHAKOBYIO YIJIOBYIO IIO-
JIBUKHOCTDH 110 OTHOIIEHMIO K BepTukajm). Kak npasuio, Mbl OyeM TakzKe cau-
TaTh, YTO OHU 3apsi?KeHbI B paBHON cremnenun. O6 3TOM MOYKHO CYIUTH IO YLy
OTKJIOHEHHS II0JIOC OT BepTukasu. Ilocie 3apsaku, Mbl JOJIXKHBI M30€raTh KOH-
TaKTa HAIETO TeJIa ¢ HUMU, ITOOBI UCKJIIOYNTH BO3MOXKHOCTh pas3psaku. Korma
HY?KHO UX II€PEBUHYTH, CJIEAYET JepKaTh UX 3a IJIACTHKOBbIE OIIOPHI.

Okcnepument 6.27

Mbl orTpunaTebHO 3JEKTPU3YeM B 3JIEKTPOCKOIA OJMHAKOBLIM KOJITYe-
CTBOM 3apsijia, Kak B dkcrepuMente 6.2. Mbl pasmerntaem ux 60K o 60K B 0JI-
HOI IJIOCKOCTH, Ha HEOOJIBIIIOM paccTosHuu apyr or apyra. Ilocse Toro, kak
JiBe MOJIOCKU IIPUIIO/IHAINICH, & HATEPTYIO COJIOMKY, C IIOMOIIBIO KOTOPOH 3JIEK-
TPOCKOIIBI OBLIN 3apsAKEHBI, YIAJIAIN, MBI IPHBOAUM B COIPHKOCHOBEHUE B3
IPSIMOYTOJIBHUKA. 3aMETHUM, 9TO 00€ MOJIOCKH OCTAIOTCSI B IMOJHSITOM COCTOSIHIN
(Puc. 6.29). Oun ocrarorcs B TAKOM COCTOSIHAE U IIOCJIE TOTO, KaK IEKTPOCKOIIBI
OBLIH yIaJIeHbl APYT OT ApyTa. To ke caMoe IPOUCKOTUT, KOIIa MBI SJIEKTPU3YEM
J1Ba 3JIEKTPOCKOIIA OJJMHAKOBBIM KOJHMIECTBOM IIOJIOXKHATEJIBHOTO 3apsiia.

T B B

(a) (b) (c)
Puc. 6.29: (a) [IBa 31€KTPOCKOIa, HAJIEKTPU30BAHHbIE 3aPSIAMU OJHOTO 3HA-

ka. (b) Kaprousr kacatorcst apyr apyra, HO Hudero He npoucxomut. (¢) Ilocse
pa3ieieHusl, TI0JIOCHI OCTAIOTCS B MIOIHSITOM COCTOSTHUU.

dkcnepumenT 6.28
Mpb1 3apsi2KaeM OJIUH 3JIEKTPOCKOII OTPUIIATEILHO, KaK B dKCIepuMenTe 6.2,

a JIPYTOi 3JIEKTPOCKON ITOJIOYKUTEJIBHO, KaK B dkcrnepumente 6.8. Ilocite Toro,
KaK IOJIOCKU MPUIIOIHSINCH, Mbl yIAJIsieM 00e HaTepPThle COJIOMKHU, C IIOMOIIBIO

172



KOTOPBIX MbI 3aPSIAUJIN 3JIEKTPOCKOIIBI. DJIEKTPOCKOIIbI Pa3MeIleHbl B OIHOI U
TOM >Ke IJIOCKOCTU Ha HeDOJIBIIIOM PACCTOSHUU JIPYT OT JPYra. 3aTeM MbI TPO-
raeM 3JIeKTpocKorbl. Ha 3ToT pa3 obe MoJIocKu cpasy Ke IaJafoT, BO3BpAIa-
sICb K €CTECTBEHHOMY BepTHKaJbHOMY mosioxkennto (Puc. 6.30 (b))! Mbr Mmoxem
VAAJIATH 3JEKTPOCKOIBI APYT OT JAPYyTa, HO MOJOCHI OCTAIOTCS B BEPTUKAJIHLHOM
[IOJIOYKEHUH. DTO O3HAYAET, YTO JIEKTPOCKOIbI, U3HAYAJIHHO HAJIEKTPUIOBAH-
Hble 3apsi/laMi ITPOTHBOIOJJIOXKHOTO 3HAKA, PA3PSIMINCh B PE3y/IbTaTe B3anUM-
HOI'O KOHTaKTa. DTOT HKCIIEPUMEHT MOYKHO ITPOTUBOIOCTABUTH KCIIEPUMEHTAM
6.24 u 6.26. B mocjie THUX MBI IMEJIH JEJI0 € ABYMSI HEUTPAJIbHBIMU TejlaMu. B xo-
Jie SKCIEPUMEHTa, OHHU TTOJTYIMJIN 3apsiIbl IIPOTUBOIIOIOKHOTO 3HaKa. B aToM ke
9KCIIEPUMEHTE MBI IMEEM JIBa JIEKTPOCKOIA, M3HAYAIHLHO HAIIEKTPU30BAHHBIX
3apsiIaMu IPOTUBOIIOIOKHOTO 3HaKa. B Xo/e sKcnepuMeHTa OHM HeHTpasIu3y-
FOTCSI.

(a) (b) (©)

Puc. 6.30: (a) ITom0KUTEIBHBIH 3JIEKTPOCKOI U OTPUIATENbHBII JI€KTPOCKOIL.
(b) TTocne korTakTa nostocku magaror. (¢) Ilocse passeeHnst MOIOCKHA OCTAIOT-
cd B BEePTUKAJBLHOM IOJIOXKEHNN, yKa3bIBas Ha TO, YTO IJIEKTPOCKOIBI Teleph
Pa3pAKEHDI.

dkcnepumenT 6.29

OIMHOYHBIN 9JIEKTPOCKOII OTPHUIATENBHO 3apsI’KEH, KaK B 9KCIepuMeHTe 6.2.
OH 10JI2KEH MMeTh JIOCTATOYHOE KOJIMYeCTBO 3apsiaa. Ha 910 ykasbiBaeT 60Jib-
ITI0# yroJI HAKJIOHA €T0 HOJIOCHI o OTHOMIeHnIO K Beprukasn (Puc. 6.31 (a)). Mst
pasMeInaeM JIPyroi 3JIeKTPOCKOI, M3HATAIBHO Pa3PSsKEeHHBIH, B TOI XKe BepTH-
KaJIBHOMN IIJIOCKOCTH, Ha HeGOJIBIIOM GOKOBOM yJajleHuH OT 1epBoii. MbI 3aTeM
[IPUBOJIUM 3JIEKTPOCKOIBI B KOHTAKT JPYT C JAPYIOM. 3AMETUM, YTO yroJl HAKJIO-
Ha, [OJIOCHI Ha [EPBOM JIEKTPOCKOIIE YMEHBINACTCS, B TO BPEeMs KaK I0JI0Ca Ha
napyrom nopauMaercs (Puc. 6.31 (b)). ITocie pasbeauHeHnst, TOJIOCHI COXPaHs-
10T cBom moJsiokeHust. O BeJMYHHe 3apsijia Ha JIEKTPOCKOIE MOXKHO CYIUTH 110
BBICOTE TIOJHSITHSI [IOJIOCKU. DTOT IKCIIEPUMEHT IIOKA3BIBAET, UTO 3aPsIZKeHHBII
JIEKTPOCKOII TEPsieT YacTh CBOETO 3apsi/ia IIPU KOHTAKTE CO BTOPBIM, U3HAUAIIb-
HO He3apsI’KEeHHBIM JIEKTPOCKOIIOM, KOTODBI B CBOIO OY€pPe/b 3JIEKTPH3YETCst
(Puc. 6.31 (c)).

Korma mbl pazbeaumseM 3TH IBa JIEKTPOCKOIA, OHU 00a OCTAIOTCS CJa00
3apsKeHHBIMU. MeJIeHHO TO/IO/IBUTAasT OTPUIIATENLHYIO COJIOMKY K O0EMM I0-
JIOCAM, MBI MOXKEM 3aKJIOYUTh, YTO 00a 3JEKTPOCKONA TelePb OTPUIATEIBHO
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@) (b) ©

Puc. 6.31: (a) SapszKeHHBII 1 He3apsKEHHBI 37eKTpocKombl. (b) KoHTakT Mex-
1y kaproHamu. (c) Paszbeaunenne mocie konTakra. I10a0CH 0CTAIOTCS B HO/HS-
TOM COCTOAHNH, HO C MEHBIIINM II0 CDaBHEHUIO C (a) yYIJiIOM HaKJIOHA.

3apsizkeHbl. HaK/I0H 11€PBOIo 3JIEKTPOCKOIA YMEHBIIMIICS B XO/I€ 9TOI'0 IKCIIEPH-
MEHTa, B TO BpeMsl KaK HAKJIOH BTOPOI'0 YBEJIMYHUJICS. DTO MOBOPUT O TOM, UTO
B XOJie dKcIlepuMeHTa 6.9 JacThb MCXOJHOI'O OTPHUIIATEIBHOTO 3apsja IepPBOro
JIEKTPOCKOIIA IIePEILIa KO BTOPOMY JIEKTPOCKOILY.

To ke caMoe MPOUCXOTUT MEXKTY MOJOKUTETHHO 3aPIZKEHHBIM 3JIEKTPOCKO-
TIOM ¥ TI€PBOHAYAJIBHO PA3PAKEHHBIM 3JIEKTPOCKOIIOM.

Okcriepument 6.30

MOoKHO TIPeIJIOKUTD U JIpyTHe Bapuaryn skcrepumenTos 6.14 u 6.15. Diek-
Tpockotnbl I u I] ocraioTcst Ha paccTOSHUN OKOJIO 15 cM apyr ot apyra. [lomocht
OCTAIOTCs Ha, BHEITHEH CTOPOHE. DJIEKTPOCKOIIBI JOJIKHBI OBITH [T€PBOHAYAILHO
pa3psKeHbl, 6€3 KaKof-imb0 CBA3M MeXKJy HUMHU B 9TOM 3kcrepumente. [Tocie
9TOH MOJrOTOBKY, MBI 3apsi?KaeM 3JIeKTpockor I 1o cxeme 3kcrepumenta 6.2.
[Tosnoca Ha amexTpockomne I TMOJHUMETCsI, B TO BPeMsI KaK IOJI0CA HA JIEKTPO-
crome I ocraercst B mokoe (Puc. 6.32 (a)). Ilocsie 3T0# mporieyphl 3apsKeH-
Hasl COJIOMKa yjiaJisiercsi. Mbr 6epeM Teniepb BTOPYIO, HEHTPAJIBHYIO COJIOMKY. Ee
cJIe/lyeT MOMECTUTD Ha i KapTOHAMU 0DOMX 3JIEKTPOCKOIOB, YTOOBI OHA HOEpP-
kuBajiach umu. Ilocje ee pasmernenus TaM, HUYEro ne Mmensiercsi. [looca Ha
JIEKTPOCKOIe [ OCTaeTCst B MOJHSITOM COCTOSTHWU, a II0JIOCA HA 3JIEKTPOCKOIE
IT yxassiBaer Buu3 (Puc. 6.32 (b)).

Okcrniepument 6.31

DxcrepumenT 6.30 MPOBOAUTCSI TOBTOPHO. DJIEKTPOCKOIT | 3apsizKaeTcsi B TOT
MOMEHT, KOTJ[a HeT HUKAKOil cBsa3u Mex Iy dekrpockonamu (Puc. 6.33 (a)).

Ho teneps aBa 31eKTpOCcKOIa He OyIyT COeIMHEHbI HENTPAJIBHON COJTOMKOA.
BwmecTo 3TOro, mracTukoBas COJIOMKa Pa3pe3aeTcs TakK, ITOObI ee JJINHA COCTAB-
ssta okogto 10 cMm. [lepeBstHHas mimakka WM MeIHBIN TpoBo, AiauHON 20 cM,
IIPOIyCKaeTCsd depe3 Hee. PyKaMmu MbI KacaeMcCs TOJIBKO COJIOMKY U IIOMEIaeM
KOHIIBI TITAaXKKHU TaK, YTOOBI OHA TOJJIEPKUBAIACh KapToHAMHU. Tereph mojoca
Ha 3JIeKTpocKore | majlaeT HEMHOTO, B TO BpeMs KaK IOJI0Ca Ha JIEKTPOCKOIIE
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(@) (b)

Puc. 6.32: (a) Duexrpockon I sapsikaercs. (b) Heltrpanbhas conmomka pasme-
IAETCSA TAKUM 00pa30M, 9TOOBI COEIMHUTD 3JIEKTPOCKOIILL. Hudero mpu 3ToM He
[IPOUCXO/IAT.

(2) (b)

Puc. 6.33: (a) 3apsken Tosbko ssekrpockon I. (b) JepeBsinnas mnakka OKpy-
JKEeHa IJIACTUKOBOI COJIOMKON M MOKOUTCSI HA JIBYX JIEKTPOCKOIAX. 3aMETHM,
4TO moJioca I HEMHOTO TIaJaeT, B TO BpeMs Kak moJioca I cjierka moJHuMaeTcs.

IT memuoro noganmaercsi (Puc. 6.33 (b)). B konue nporeaypst o6e mosocst Gy-
JyT Ha OJTHOU W TOH Ke BBICOTE, HO HUKE, IeM B CUTYaIluU, MOKa3aHHoi na Puc.
6.33 (a).

Jljist ycrexa 3TOro 3KCIIePUMEHTa HEOOXOIUMO CODJIFOIATH CJIeIYONINe MephI
IPEe0CTOPOKHOCTU. BO-TIEPBBIX, MBI HE JIOJIZKHBI KACAThCA PyKaMU KapTOH, Je-
PEBSHHYIO IIITAXKKY WM METAJUIMIECKYIO IPOBOJIOKY. BO-BTOPBIX, IITAXKKY WU
IIPOBO/I CJIEAYEeT 3aKJIOYATH B J[BE UJIN TPU IJIACTUKOBBIE COJIOMKHU, TAK KaK HE
BCE COJIOMKH SIBJIIOTCS XOPOIIIMME U30JIATOpaMu. B pesysibrare, Mbl MOXKeM pas-
PAUTD 3JEKTPOCKOI [ YaCTHIHO WJIU MOJTHOCTBIO €pe3 HaIlle TeJIO, TTOMECTHUB
MIIAXKKY Ha KAPTOHBI. DJIEKTPUIECKUE 3apsi/ibl Ha 3JIEKTPOCKone | MOTeKyT K
MIITAXKKe, TPOHIYT Yepe3 COJIOMKY, & 3aTeM pa3psiIsiTCd depe3 Halle Tejo. Pa3-
MeIlasi JIBe WU TPHU COJIOMKH OJHY BHYTPH JPYTOil, MBI YJIyUIIAe€M H3OJISIIIIO
cucreMbl. ECiin BOSHUKHYT TPYIHOCTH C Pa3MeEIIEeHNeM OJIHOI COJIOMKM BHYTDPH
JIPYTOH, MOXKHO HCIIOJIb30BAaTh JII000I TOJPYYUHBIN aJbTePHATUBHBIN H30JITOD
JUIS TIOJIIEPKKH JIEPEBAHHOM Taxkku (eM. mojgpasaen 6.3.2).

B skcnepumente 6.30 He OBLIO HUKAKOW I€peIadn SJIEKTPHUIECKOTO 3apsi-
Ja MexKIy iekTpockornamu [ u I, Korjia OHM COeMHEHBI Yepe3 IIACTUKOBYIO
cosiomky. C apyroit cTOpoHbI, B 9KcriepuMenTe 6.31 Mbl BUIUM, 9TO, KOTJIA JI€K-
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TpocKoI | TepsieT 9acTh CBOETO 3apsija, daeKTpockon I ] mpuobperaeT Kakoi-To
3apsiJl.

OTU KCIEPUMEHTHI MJLUIFOCTPUPYIOT KA4YeCTBEHHO COXPAHEHME 3JIeKTpUYe-
cKUX 3apsioB. Korja mgBa OJuHAKOBO 3aps?KEHHBIX ITPOBOMSINNX TEJIa OJIMHA-
KOBOT'O pa3mMepa 1 (POPMbI COIIPUKACAIOTCS APYT C JAPYTOM, OHU HE Pa3PIKAIOT-
cs1. C apyroit CTOPOHBI, TPOTHBOIIOJIOXKHO 3apsi?KEeHHbIE TPOBOJIHUKHI PA3PSIKAIOT
APYT APYTa U CTAHOBATCH HEHTPAJbHBIMU HOCTE KOHTakTa. Kornia ToabpKo oauH
U3 HUX M3HAYAJIBHO 3aps?KeH, KOHTAKT CO BTOPBIM ITPOBOJHUKOM WHUIIMUDYET
IIepeHoC 3apsia OT 3apsKEHHOro Tejla K HefTpaJbHOMY. B KoHIe aToro mporec-
ca 0ba ITPOBOHUKA CTAHOBSATCSH IJIEKTPU30BAHHBIMU 3aPSIAMU OJHOTO 3HAKA.

6.10 TI'peii u coxpaHeHUe 3JIEKTPUIECKOIO 3apsAia

Bo3amoxkHO, 1epBbIM, KTO 00paTui BHUMaHUE Ha HOJ0OHBIN 3hdekT sKcrepu-
MeHTaJIbHO, 66171 I'peit B 1735 rogy. OH noasecnit MaIbanuKa IMEIKOBBIMI HUTIMHI
B 1osiokeHunu Jjiezka. C oHO# CTOPOHBI MaJIbiuKa ObLT 9eJIOBEK, KOTOPBINA CTO-
ST Ha M30JIATIHONHOM OCHOBAHNE M3 KaMed' W JIpeBecHoil cMombl. Ha apyroif
CTOPOHE MAaJIYNKA CTOSJI JPYTOil 9eI0BEK U ePKAT ,MAATHHKOBYIO HUTH . DTO
GBI CBOErO POJIA JIEKTPOCKOI, n3obpereHubiii ['peem. OH, BEPOSTHO, COCTOSIT
73 JIbHSTHOM MM XJIOITYaTO0yMarXKHOM HUTH, IPUKPEIIEHHON K JIEPEBSIHHOI 11aJI-
Ke. ITockobKy 9Ta HUTD IIPOBO/IAINAs, OHA IPUTIATUBACTCS 3aPSIAKEHHBIM TEJIOM
(MaJIbYUK B 9TOM cjIydae). YToJl HAKJIOHA MASTHUKOBOIO HUTHU K BEPTUKAJIM
CJIy?KWUT IIOKA3aTesIeM CTEIEHN dJIEKTpu3almn Teaa. ['peil ymoMnuaa pamee 3TOT
BHJI 3jeKTpockorna.® Bropoit uesioBex B akcriepuMente I'pesi, He Gymydn n30/m-
POBAHHBIM, BEPOSITHO HAXOJHJICSI B HEITOCPEJICTBEHHOM KOHTaKTe ¢ 3emMuteil. I'peit
HaTHUPAJ CTEKJISHHYIO TPyOKYy PyKaMH U IIOJIHOCHJI ee K HoraMm MaJjibanka. [locie
9TOM IPOIE/YPBI, MAIBINK HPUTATUBAJ HUTH JIEKTPOCKOIIA, KOTOPBII HAXO/HIII-
¢ B PyKaX BTOPOro dejoBeka. Masbunk 3aTeM HMOJTHOCHI CBOH maJter] GJIn3Ko
K JeJIOBEKY, KOTODBIH cTodA Ha Kamemu. lIponcxonnm smekTpudecKuil pasps,
U MAJBINK TEPSUI 9aCTh CBOEH CIOCOOGHOCTH NPUTSTUBATH (KaK 3TO ObLIO BHI-
HO [0 YMEHBINEHUIO YIIa HAKJIOHA 3JIEKTPOCKONA). B TO Ke BpeMs, 9eJIOBeK,
CTOSIBIIIMIT Ha KaMeJIH, IOJIydaJl 3apsi/] U IIPUBJIEKAJ K cebe HUTH JIEKTPOCKOIIA.

MpI IpUBOIIIM COOTBETCTBYIONTIE OTPHIBKA M3 OMMCAHUS ITOTO BaXKHOTO IKC-
nepumenTa;’

Maii 6 [1735], Mbl npoBesn ciemyromumit sxcuepumenT. Majbauka
[OJIBECUJIM HA INEJIKOBBIX HUTSAX, U [HATEPTYIO CTEKJIAHHYIO| TPy6-
Ky HPUJIOXKUJIN K €ro HOraM, KaK OOBIYHO, MaJIb4YMK JiepKajl KOH-
YUK CBOETO TAJIbIIA BO3JIe PYKU JI2KEHTJIbMEHa, KOTOPBII CTOsJI Ha,
IOJICTABKE W3 KaMeJIu M YEePHON CMOJIbI; B TO K€ BpPEMsd, JPYyroit
JPKEHTIbMEH CTOSLJI IO JPYTYI0 CTOPOHY MAJIBUMKA C MasTHUKOBOMN

7Cwm. Tpunoskerne A.
8|Grad, crp. 228], [Graf, ctp. 289] u [Grai, crp. 167—168]. Cwm. Takske pasmen 4.9.
9[Grai, crp. 168].
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HUTBHIO; 3aTEM MAJIBIUKA [TOTIPOCUJIN MOJHECTH IMaJIel] OJIN3KO K PYKe
IIepBOFO JI2KeHTJIbMEeHa, KOTOpOFO IIpI/I 9TOM yKOJIO.HO n 6bI.H CJIBIIIIEH
TPECK; ¥ B TO YK€ BPEMsl, HUTb, KOTOpas ObLIa BBITSHYTa CHJION IIpU-
TSPKEHUsI K MAJIBIUKY, YIIaJa, a MajJbIuK, MOTepsB OOJIBIIYI0 9aCTh
CBOEH MPUTATATEIHHON CHUJIBI, ITPU BTOPOM IMPOTATUBAHUU ITAJIBIIA
K PYKe JKEHTIbMeHa, [ePEeCTasl IPUTITHBATH; TOMEIMIEHHAsT OKOJIO
9TOTO JKEHTIbMEHa HUTH [MOKa3aJjia, 9TO OH CHJBHO IIPUTITHBAJ;
HO HOBTOPHUB 3TOT IKCIEPUMEHT, s HAIEJ, 9TO, XOTS PUTSAKEHNE
K MaJIbUMKy 3HAUYUTEIHLHO OCIabeBaeT, HO OH HE TepsieT 3Ty CII0COD-
HOCTH TOJTHOCTBIO, TIOKa OH He MOBTOPHUT 2, 3, a mHOTJa 1 4 pasa
MPOTSTUBAHUE MAJBIA K PYKE TOrO, KTO CTOUT Ha JIEKTPUIECKOM
TeJe, OHAKO He Kacasch ero [pykn|.

W nest coxpanenus 3apsiia HEsIBHO IPUCYTCTBOBAJIA B IIPEJICTABJIEHUSIX HECKOJIb-
KHX yYeHbBIX, PA0OTaBINUX C 3jeKTpudecTBOM. B ciaydae ¢ I'peem, Mbl mmeem
MEPBBIil IKCIIEPUMEHT, JEeMOHCTPUPYIOMHIT 9TOT (haKT KAaIeCTBEHHO. BeH pKa-
muH @pankians (1706—1790) 6GbLT OfHUM W3 NEPBBIX, KTO B nepuof ¢ 1745 mo
1747 1I00TBOPHO UCJLIEIOBAJI IOHSTHE COXPAHEHHs 3apsia.

6.11 Kparkas ucropus 3JIEKTPOCKOIIa 1 3JIEKTPO-
MeTpa

Crapeifimmit criocod BBISICHUTD, 3apsi?KE€HO TEJIO WU HET, COCTOS B TOM, UTOOBI
MIOIHECTH TEJI0 OJIN3KO K JIETKUM KYCOUKaM BEIECTBA, KAK B 9KCIIEPUMEHTE C 3-
dexTom saTapsa. [loz:ke ObLIH paspaboTaHbl O0jee TyBCTBUTEIBHbBIE TTPUOOPDI
JI7IsT OOHAPYKEHUs ITOTO CBOMCTBa TeJi: mepreHauKy/asp PpakacTopo, BEpCoOpH-
yMm 'miasbepra u masgTHUKOBasg HuTH ['pest. Bo Bcex aTux ciydasx HEOOXOIUMO
OBLIO0 YMEHBIIUTH PACCTOSTHAE MEXKJTy HATEPTHIM TEJIOM M KaXKJIBIM U3 9TUX HH-
CTPYMEHTOB, 9TOOBI MOYXKHO OBLIO HAOJIIOMATH, KAK IPUOOP pearupyer Ha MpHU-
CyTCTBHE Teja — Oy/b TO KYCOK STHTapsl WX ILJTACTUKOBAS COJIOMKA.

OOBIYHO HET HUKAKOW BUIUMOM PA3HUIIBI MEXK/Iy HEHTPAJIbHBIM TEJIOM U 3a-
PsI?KEeHHBIM TeJIOM. flHTapb, HAIIpUMEpP, He MeHsIeT I[BeT min (hOpMYy IPHU JIeK-
Tpu3anuu. B 1mesioMm MbI MOYXKeM ODHApPYKWUTh, 3aPsi?KEHO TEJIO WA HET, TOJBKO
10 BO3IEHCTBUAM, KOTOPBIE OHO OKa3bIBaeT Ha OJIM3JIEKAINe BEIeCTBa, WJIN
Ha IyBCTBUTEIbHBINT MHCTPYMEHT BO/IM3H Hero. Korga 3/IeKTpudIecKuil MasiTHUK
HAXOJUTCS JIAJIEKO OT JIPYI'UX TeJi, OH OyJleT BUCETh BEPTUKAJIbHO — 3apsizKeH
OoH win HeT. TOJIbKO IOMECTHUB €ro PsiOM C JIPYTUMHU BEIeCTBaMM, MOXKHO O0-

HapPYZXKUTH — 1O YIJIy OTKJIOHCHUAd HUTU MadATHUKA K BEPTUKAJIN — 3apPAZKEH

MadATHUK WA HefTpaJieH.
B sroit KHUre MBI HAa3bIBAEM WHCTPYMEHT, KOTOPBIH IIPU IIOJCOEINHEHUN K

TeJly aBTOMaTUYIECKU ITOKa3bIBACT, ABJIACTCA JIX 9TO TEJIO 3apPAKEHHbIM WJIA HET,

astekTpockonioMm. OH OJKEH IMOKa3bIBATH MPUCYTCTBUE IJIEKTPUIECTBA ABTO-
MaTHIecKu, 6e3 BCSIKON HEOOXOINMOCTH TPOTATh JIEKTPOCKOI, WJIN IMPOBOIUTH

10[Hei99, cTp. 327—333].

177



KaKyIo-JIi00 JIpyryio onepanuio. Jlake KOrjia STOT NHCTPYMEHT He HAXOJINUTCs B
KOHTaKTe€ HI C KaKUM JIpDYTUM T€JIOM, MO2KHO BUJI€Th, 3apPsA2KEH CaM 3JIEKTPOCKOII
win HeT. B 9TOM CMBIC/IE 3JIEKTPOCKOI OTJIMYAETCs He TOJIBKO OT BEpCOPHUyMA,
HO U OT 3JIEKTPUIECKOI'O0 MASITHUKA.

[Tpubop mo/2K€H UMETH IBa OCHOBOIIOJIATAIONINX CBONCTBA, 9TOOBI €r0 MOXK-
HO ObLIO paccMaTpuBaTh Kak ajekTpockoi. (I) Bo-mepsbix, 31eKTpocKoIr J1001-
2K€H OBITh JIEKTPUYECKHU M30JIMPOBaH OT 3emun. Um ke Kopiyc, K KOTOpOMY
[IPUKPEILIEH 3JIEKTPOCKOII, JIOJI?KEH OBITh U30JIMPOBAH OT 3€MJIA. DT JIEKTPU-
qeckasi W30JISIIUsI UMeeT pellatoliee 3HadeHne. be3 Hee 9JIeKTPOCKOIl HE MOYKET
COXPAHUTH TPUOOPETEHHBIN 3apsm. UTo KacaeTcs 3JIEKTPOCKOIOB, MCIIOIb3ye-
MBIX B 9TO# KHUTE, 9Ta M30JISIIS JOCTUTACTCS IIyTeM HOIEPXKKI TOHKOTO Kap-
TOHa HeATpasbHON macTukoBoii cosomkoii. (II) Bropoe cpoiictBo cocrour B
TOM, 9TO dJIEKTPOCKOII JOJI2KEH UMETh BI/IJII/IMI)IIZ JIEMEHT, KOTOprﬁ MEHAIET CBOE
COCTOSIHME B 3aBUCHMOCTHU OT TOT'O, SIBJISIETCS JIEKTPOCKOI HEATpabHBIM WU
3apsi?KEHHBIM. B 971eKTpOCKOIIax, pacCMaTPUBAEMBIX B 9TOM KHUTE, ITY POJIb BbI-
MIOJTHSIET YTOJI MEXK/Iy ITOJIBM2KHOI ITOJIOCKON OyMaru M HEIOBU2KHBIM TOHKIM
KapTOHOM. B KJIacCHYecKnX 9JIEKTPOCKOIAX, HA COCTOsIHIE IPUOOpa YKa3bIBAET
YTOJI MEXKJTY JBYMS IIOJIBHKHBIMH ITOJIOCKAMH.

BeposiTHO, 11epBbIii 3JIEKTPOCKOI ¢ TAKUMHU CBOicTBaMu ObLI 1ocTpoeH Jlro-
de B 1737 roxy.!! I'peit, eme g0 JTiode, HCIOIBL30BAT XIONKOBYIO MM JLHIHYIO
HUATH, MPUKPEIUIEHHYIO K IajKe, JJIs MPOBEPKU 3apsi?KEHHOCTH OJIn3JIeKarie-
ro tema. Ho myist Toro, 9robbl 0OHADPYKUTH 3apsl OJIM3JIEKAIIETO TeIa, HAJO0
OBLIIO IOMECTHUTDH IAJKY DPAIOM C TEJIOM U HAOJIOAATH 33 OTKJOHEHUEM HUTHU
B cTOpoHy Tesia. Hrode, ¢ Ipyroil CTOPOHBI, CTaJl BENIATh CJIOXKEHHBIE 10 Cepe-
JIHe HUTHU HeIoCPeICTBEHHO Ha Teji0. Kcyin Tesio ObLIo 3apsizKeHO, JIBe [TOJIOBUH-
KM KaXKJO HUTHU OTTAJKHUBAJINA JAPYT Jpyra, odOpa3yst mepeBepHyTyiO OykBy V.
Vros pacxoXKIeHUs MEXKIy JIBYMs [TOJIOBUHKAMH YBEJINYUBAJICS C POCTOM KO-
JINYECTBa 3aPA/IOB HA Tesle. B mepBOM IKCIIEPUMEHTE, IJle OH OIUCAJ Ty HOBYIO
cxeMy,'? OH HOJBECHT JKeJe3HbIH MPYTOK TOPU30HTAIBHO MICJKOBBLIME ITHYPa-
MU. DTHU MHYPLI U30/IMPOBaIu npyT oT 3eMJin. OH IOBECUJI Ha IIPYT HECKOJIBKO
HUTe!l ONMHAKOBOH JIMHBI, HO U3 PAa3HBIX MATEPHUAJIOB: JIEH, XJIOMOK, IIEJK U
mepcTb. Kaxknasi HuTh ObLIa CIIOXKEHA B CEPENIMHE, a WX IEeHTPAJIbHBIE TOYKHU
MOKOMJINCH Ha npyTke. Ilocie sjnekTpusanum npyTKa, OH 3aMETWJI, 9TO JBE I0-
JIOBUHKU KaXKJ0¥ HUTHU OTOILIU JAPYT OT Apyra. Kpome Toro, cambrit 60bIIOLN
YIOJI PaCXOXKJIEHUsI TIOKA3bIBaJIa JIbHsSIHASI HUTh, 3aTEM XJIOIKOBAasi, IeJIKOBasl 1,
HaKOHEIl, IMePCTsIHasi HUTh, KOTOpasl MMeJia, HAUMEHBIIUNA yTOoJI PACXOXKIEHUSI.
ITo ero mmennio 5TOoT PaKT CBUIAETEJILCTBOBAJ O TOM, UTO JIeH 00J1a1a1 O60Ih-
el CrI0COOHOCTDBIO M1 HAKOIJIEHUS JIEKTPUIECKON MATEPHUH 110 CPABHEHUIO C
IPYTUMHU BEIECTBAMU.

BareM OH JaJ1 cieLyloliee Upe3BhluaiiHo HHTepecHoe onmcanue: '

1 [DF37b, crp. 94—98].

12|DF37b, crp. 95—96].

13[DF37b, ctp. 98]. Une aiguillée de fil posée sur une barre de fer suspendué par des cordons
de soye, présente 'idée de la plus simple de toutes les expériences, cependant elle peut fournir
de sujet a des méditations profondes, & elle sert & confirmer la plapart des principes que j’ai
établis dans mes Mémoires précédents, tant sur la communication de ’électricité & ses effets
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Kycok [XI0mKoBO#i min JIbHAHO| HUTH, IOMEIEHHBIN Ha YKeJe3HOM
upyTe, IOJABEHICHHOM Ha IHNEJIKOBBIX HIHYypaX, IIpeacTaBJideT IIPOo-
CTEHIIYI0 UJIEI0 IKCIIEPUMEHTA, XOTs OH JIAeT IIPEJIMET JIsd TJybo-
KUX Da3/lyMuil, ¥ 3TO CIIy?KHUT HOJTBEPAKJIEHUEM 3HAMUTEIHHON Ua-
CTH TeX IPUHINIIOB, KOTOPBIE s1 0OHAPY2KIJI B IPEIbIAyIuX paboTax,
HE TOJIBKO O CBA3U JIEKTPUYECTBA U €r0 MOCIECTBUI MPUTIKEHUS
7 OTTAJKHBAaHUS, HO TaKXKe O PeaJIbHOCTH JIBYX BUJOB dJIEKTpUYE-
CTBa, & UMEHHO, CTEeKJIOBH 1HOE U cMosucToe. OH Tak»Ke MOXKeT ObITh
WCIOJIB30BAH JIJIsl CY?KJIEHUSI O BEJIUUIMHE JJIEKTPUIECKON CHUJIBI, UTO
OYeHb IIOJIE3HO B IIPAKTHUKE MIPOBEJIEHUS BCEX IKCIIEPUMEHTOB. Kak
MBI YK€ OTMEYAJIN, JJIsi ITOT0 HYKHO JIUIIb PA3MECTUTDH HA IIPYTKE
KyCOK JibHgHOI HuTH. Torma Oy/ieT BUIHO, 9TO JBa KOHIIA, KOTOPbIE
CcBOOOJTHO CBUCAIOT C OOEHX CTOPOHA MPYTa, OTTAJKUBAIOTCS JIPYT OT
apyra ¢ 60JbIneil wiiu MeHbIneil cuioil, 0opazysi O0IbIINI WIN MEHb-
mmil yroJi, B 3aBUCMMOCTH OT TOT'O, TIOJIYYUJI JIA IIPYT OT [HATEPTOi
CTEeKJISHHOM| TpyOKu GOoJblliee UM MEHbIEE JIEKTPUIECKOE CBOI-
ctBO. [Mmmoctpanust momo6GHOTO IKCIepuMenTe faetcst Ha Puc. 6.34.
1 310 nact ovenb TOUHOE IIPECTABIIEHNE O BEJINYNHE CUIIBL SJIEKTPU-
9eCcTBa U, TAKUM 00Pa30M, MbI CMOYKEM BBIODATH MOMEHT U Hauboiee
6JIarONPUATHBIE YCIOBUS JJIs IPOBEJIEHIS SKCIIEPIMEHTOB, KOTOPHIE
TPeOYIOT CUJIbHEHIIel JIEKTPU3AINN, KAKOBBIMU SIBJISIOTCS IKCITE-
PHUMEHTBI, CBSI3aHHBIE CO CBETOM WJIM Tepesiateil [3ekTpuaecTsal mo
CTPYHE WJIH II0 JIPDYTOMY HEIPEPHIBHOMY TEJy.

Oxkcrepument /lrode anasornaen Hamemy skcrepuMenTy 6.9, mpejicraBiieH-
womy Ha Puc. 6.12. YBeqnunBas KOJMIECTBO 3apsijia HA JIEKTPOCKOIE, MBI yBe-
JIMINBAaEM yTOJI PACXOXKJIECHUS JUCTHEB.

rode Takke UCIOIB30BAJ CBOI 3JIEKTPOCKOII, ITOOBI BBISICHUTD, KAKTE TeJTa,
SABJISIIOTCS JTydimMu u3osgropaMu. C 37O 1eIbI0 OH BeIaJl YKeJe3HBIH MpyT
Ha HUTSX U3 PA3JIMIHBIX BEIIECTB, WM KJAJ KEJEe3HbIN MPYT HA TBEPJbIE Te-
Jia, M3TOTOBJICHHBIE U3 PA3JIMIHBIX MaTepuaJioB. Ilocie Takoit mOATroTOBKHU, OH
3apsiyKaJl 2KEJIE3HbII IPYT IPeIBAPUTEIFHO HATEPTON CTEKJISTHHOM TPyOKOii. 3a-
TeM OH OTMedYaJi, YTO, HAOJIIOAs 38 YIJIOM PACXOXK/IEHUSI CBOErO IJIEKTPOCKOIIA
B KOHTAKTe C IIPYTOM, KaKOe BEIIECTBO II03BOJISJIO CTEPIKHIO OCTaBATBCS B 3a-
PsI?’KEHHOM COCTOSIHUU B TedeHue 0oJjiee JJINTEJIbHOIO BPEMEHU. DTO BEIIECTBO
(HUTH, C TIOMOIIBIO KOTOPBHIX NPYT OBLI MOJABEIIEH, UM YKeCTKas OIIopa, KOTO-

de répulssion & d’attraction, que sur la réalité des deux genres d’électricité, sgavoir la vitrée
& la résineuse. Elle sert aussi & connoitre si la force de 1’électricité est plus ou moins grande,
ce qui est trées-commode dans la pratique de toutes ces expériences; il ne s’agit pour cela que
de poser sur la barre le bout de fil, comme nous ’avons dit, on verra pour lors les deux bouts
qui pendent librement d’un coté & de 'autre de la barre s’écarter I’'un de 'autre avec plus
ou moins de force, & former un angle plus ou moins grand, suivant que la barre aura regi
du tube plus ou moins de vertu électrique, & cela fera connoitre d’une maniére assés exacte,
le degré de force de ’électricité, de sorte que ’on pourra choisir le temps & les circonstances
les plus favorables pour les expériences qui demandent la plus forte électricité, telles que sont
celles qui concernent la lumiére, ou la communication le long d’une corde ou d’un autre corps
continu.
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Puc. 6.34: Duexrpockon Trode. (a) ZKesesHblii crepkeHb, MOIBEIICHHBI Ha
HIEJIKOBBIX ITHYpPaxX. XJ0m4arodyMarkKHasg HUTh BucuT Ha crepxue. (b) Harep-
TOl CTEKJITHHON TPYOKOit poBoaT 110 crepkuio. (¢) [locse ynanenus crekssa-
HO#l TPYOKH, /IBE MOJIOBUHKH XJIOIIKOBOW HUTH OTXOMIAT JIPYT OT JAPYTa.

past ToJlepKUBaJIa CTep:KeHb HaJl 3eMJIeit) U CIIYZKUJI0 JIyuliM u30/1aTopom. 4

ZKan Aunryan Hosne (1700—1770) (Puc. 6.35) 6611 nomomaukoM Trode B
TedeHne HeCKOMLKIX JeT, ¢ 1731 mm 1732 mo 1735.1°

Puc. 6.35: 2Kan Anryan Hosne (1700—1770).

B 1747 rony Home mpenioKui yCOBEPIIEHCTBOBAHHBIN BAPUAHT JIEKTPO-
ckoma Hiode. PackpbiTbie HUTH, B BUEe IepeBEPHYTONH OYKBBI V, 1MOICOEIHSI-
JINCh HETIOCPEICTBEHHO K 3aps2KEHHOMY TeJTy. Jlamia ocBelana HUTH U IPOeIiy-
poBaJia UX TEHU Ha I'PALyNPOBAHHBIN 9KPaH, IJle OH MOI' Cpa3y IPOYHUTATh yTOJI,
00pa30BAHHBIN HUTSIMA. DTO MO3BOJISAIO ¢ OOJIBIION TOYHOCTHIO OIPEAETUTD 3TH
YIJIBL, IOCKOJIBKY 9KPAH U HAOJIIOAATEb MOIVIM HAXOIUTHCH B YIAJICHUH OT JJICK-
TPOCKOTIA T, CJIeJI0BATEbHO, He NCKasKaTh MoKazanus mpubopa (Puc. 6.36).16

HoJute npuayMaJt UMs [is 9TOTO HHCTPYMeHTa: saexmpomemp:t’

M DF37b, crp. 99].

15[Hei81e] u [Hei99, cTp. 279—289].

16[Nol47, cTp. 129] u [Hei99, cTp. 353].

17[Nol47, crp. 129]: Dans bien des occasions je me suis servi, pour connoitre les progres
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Puc. 6.36: 9nekrpomerp Hosure.

B psize ciyuaeB s ucmosib30Bajl OY€HBb MIPOCTHIE CPEACTBA, ITOOBI
CYIUTH O PACIPOCTPAHEHUN SJIEKTPUIECTBA, KOTOPBIE 3aC/IyKUBAIOT
Ha3BaHUE IAEKMPOMEMP, €CIIN UX UCIOJH30BAHIE CTAHET OOIIEeNpu-
HATBIM, U €CJIH OHH MOTYT CJIyKUTb JJIS U3MEPEHUsI, C IIOMOIIHIO
XOPOIIIO YCTAHOBJIEHHBIX U HAJICXKHBIX €JIMHUI] U3MEPEHUsI, YBeInute-
HUSI WIN YMEHBIEHUS 3apsJia, Ha KOTOPbIe OHU YKAa3bIBAIOT.

DTO 0YeHb yIadHOe HA3BAHUE, TAK KAK 9TOT MHCTPYMEHT JAeT KOJIUIeCTBEeH-
HYIO Mepy yria. A BeJMYMHA 5TOr0 yIJa CBs3aHA C IJIEKTPUIECTBOM TeJa, K
KOTOPOMY OH TOJICOE/INHEH. DJIEKTPOMETP — ITO JIEKTPOCKOIL, C TOMOIIBIO KO-
TOPOrO MbI MOYKEM JI€JIATH TOYHbIE KOJUYECTBEHHbIE U3Mepenus (Yyroy B JaHHOM
cJlydae) 3JIEKTPUIECKOro 3apgia.

Emie oun 13 ero 31eKTpoMeTpos m3obpasken na Puc. 6.37.18

Puc. 6.37: Hpyroit sanekrpomerp Hoswe.

i1t IpeOTBPAIEHUS YTeUKN JIEKTPUIECTBA Yepe3 KOHIUKN HUTEH J1000-
ro 3JIEKTPOCKOIIa, HA KOHIIAX HHUTEll I103Ke CTaJU BellaTh HeOOJIbIINE, JIErKue

de l'électricité, d’'un moyen assez simple & qui mériteroit le titre d’électrométre, s’il étoit
généralement applicable, & s’il pouvoit servir & mesurer par des quantités bien connues, &
dont on ne ptt douter, les augmentations ou diminutions qu’il indique.

18[Nol67, Planche 4, Puc. 15].
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MTapUKU, U3rOTOBIeHHDbIE N3 Tpobku. JI>xou KaHToH OBLT OTHUM U3 yUIEHBIX, KTO
IIPEIIOKII 3TO ycosepiencTsosanne B 1752—4.19 Ha Puc. 6.38 npejcrasien
3jieKTpocKorr KanToHa.

Puc. 6.38: Dmexkrpockon Kanrona.

[Tozxke gpHsAHBIE HUTH OBLIN 3aMEHEHBI KECTKUMH COJIOMKAMU M MeTaJIJIu-
qeckuMu JinctodkaMu. OHU CIIYy2KUJIN JIOJIBINE U TO3BOJISIIIN ONPEE/IATH TOTHEEe
yrouz aneprypsl. Aepaam Benner (1750—1799) u Aneccanipo Bosbra (1745—1827)
OBLIN BBIIAIOIIMMICS YI€HBIMU, KOTOPBIE BHEC/IM BKJIAJ] B 9T PAa3pabOTKU. DJIeK-
TpoMeTp BeHnHeTa ¢ ABYMS 30JI0THIMH JICTOIKAMH IIpeAcTaBiIeH Ha Puc. 6.39.20

Puc. 6.39: Dyekrpomerp Bemnnera.

Teopr Buibresbm Puxman (1711—1753) co3mait sJeKTpoOMeTp TJIe-TO MeK-
ay 1744 n 1753 rogamu, B KOTOPOM OJIMH M3 COJIOMOK 3aKPEIJIEH HEIOBUKHO
OTHOCHUTEJILHO 3eMJIA, U TOJILKO OIHA COJIOMKA WM IOJOCKA OTKJIOHAETCS OT
BEPTHKAJIH, KOTJa 3MeKTPOcKon 3apsuken (Puc. 6.40).21 Dto amasor amexTpo-
CKOIIa, MpeACTaBICHHOro Ha Puc. 6.1, KOTOPBIA MCHOIb3yeTcsa B GOJBIIHHCTBE
ONMCAHHDBIX B 3TON KHUATE SKCIEPUMEHTOB.

DToT BUI JIEKTPOMETPa ObLI pa3paboTaH I03:Ke YHIbLIMOM XeHau (Jara
POYKJIeHHst Hem3BecTHa, ymep B 1779 roxy), B 1772 (Puc. 6.41).22 On umeer onun
JIETKHIT IIepeIBUKHON cTepKeHb A, ¢ IpOOKOBBIM MAPUKOM Ha, KOHITE, KOTOPBIA
MOZKET IOBOPAadHMBATBCA BOKPYT meHTpa B. Korma sjaeKTpomerp 3apszkeH, Cy-
IECTBYEeT OTTAJKUBAHUE MEXKIY IOJBUXKHBIM cTep:KHeM A 1 PUKCUPOBAHHBIM

19|Canb3], [Can54] u [Wal36].
20[Ben86| u [Hei99, cTp. 450].
21[Hei99, cTp. 392].

22[Pri72].
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Puc. 6.40: Dyekrpomerpsl PuxmaHa, 10/COeINHEHHbIE K JIEHIEHCKO OaHKe.
Kaxp1ii u3 371eKTpOMETPOB UMeeT OJIMHOYHYIO ITOJIBUXKHYIO ITOJIOCKY.

mrokoM C. YTOJ pacKpbITAsi MOXKHO IIPOYATATH HA TPAHCIIOPTUPE, KOTOPBIi
2KECTKO IIPUBA3aH K NHCTPYMEHTY.

Puc. 6.41: Dyekrpomerp XeHJiu.

Bonee nmonpobiuyio nHMOPMAIMK 110 HCTOPHA TEKTPOCKOIIA U JIEKTPOMETPA
MOYKHO HaifTn B paborax Yonkepa, Xeitn6pona u Mesmeitpoca.?3

23[Wal36], [Hei99, crp. xvi, xx, 82, 259, 327, 331, 353, 367, 373376, 390392, 418, 421422,
447—456, 462 u 491—494] u [Med02].
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I'maBa 7

Paznmanga mexty
IIPOBOAHUKAMU 1
130JIITOpaMu

7.1 IlloaBM>KHOCTB 3apPsiJIOB HA IPOBOJTHUKAX W N30-
JsiTopax

Mpbr Bz, 9TO TJIaBHOE CBOMICTBO U30JIATOPA, MJIACTUKA HAIIPUMED, COCTOUT B
TOM, 9TO OH HE JIOMYCKAET MOTOK IJIEKTPUIECKUX 3apsiioB uepe3 Hero. CiemoBa-
TeJIbHO, OH He Pa3ps?KaeT JIEKTPU30BAHHBIN 371eKTpocKoIl. I[IpoBoaHuk, HAIPO-
THUB, 00€CIIEYNBAET MIPOXOXKIEHNE 3aPsI0B depe3 Hero. IIpuMepsl IpOBOIHUKOB:
YeJIOBEYECKOe TeJIO, 3eMJIsd, MeTaJll, JIUCT OyMaru Mjid TOHKOIO KapTOHA SJIEeK-
Tpockona. [[o3ToMy 3/IeKTPU30BAHHBIN 3JIEKTPOCKOIL, TOJIKIIOYUEHHBIN K 3eMJIe
depe3 MPOBOJIHUK, pa3psKaeTcs. Ternepb Mbl pACCMOTPUM JIPYTUE CBOMCTBA, KO-
TOpBIE€ OTJINYAIOT TPOBOJHUKHU OT U30JIATOPOB.

OkcriepumeHT 7.1

Mb1 BbIpe3aeM IPsIMOYTOJIBHYIO MTOJIOCKY TOHKOIO KaproHa, 30 ¢M B IJIUHY
u 2 cM B mupuny. [III0CKOCTD TIOJTOCH pacIoioKeHa BEPTUKAJIBHO, C JJIMHHON
CTOPOHOI MapaJuIebHO TOpU30HTY. MBI IpHUKpemisieM BepXHUIl KOHEI[ BEPTHU-
KaJIbHOM TIJTACTUKOBOHM COJIOMKHM K TIEHTPY TOJIOCHI, 00pa3ys 0ykBy 1. Huxkmuit
KOHEI[ COJIOMUHKY JIOJI?KEH ObITh 3aKpEIJIeH Ha IOIXOJsINeil orope, Kak Iija-
CTWJIMH HAIIPUMEP, UJIU KAaK OIOpa JIEKTPUIECKOI0 MasTHUKA U3 pasjeina 4.4.
3areM MBI BEIIaeM 9YeThIPe OY€Hb TOHKHUE ITOJIOCKU ITAIMPOCHON OyMaru, JJin-
HOil 10 cM KaKkiast, BIOJIb TOHKOH KapTOHHO# moJsiocku. OHU IOKHBI OBITh
CJTO2KEHBI B CepeuHe TaKuM 0O0pa30M, ITOOBI 00€ MOJOBUHKHU CBOOOTHO BUCEIH
BepTHUKaJIbHO. [lociie 3Toi mponeaypsl, Mbl HATUPAEM JIPYTYIO IJIACTUKOBYIO CO-
JIOMKY, U IapalaeM €0 BePXHUN Kpail TOHKOI'O TOPU30HTAILHOIO KAPTOHA, TEM
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caMbIM 3apsizkasi ero. Mbl yjajisieM HATEPTYIO COJIOMKY. Bce mostocku manupoc-
HOP GyMaru pacKpbIBalOTCs, ITOCKOIBKY KaKjias ITOJIOBUHKA KazKJI0# ITOJIOCKH
OTTAJIKABaeT JPYIyIO IIOJIOBUHKY.

DTOT IKCIEPUMEHT MOXKHO TIOBTOPHUTH € GOJIBIIEH TOJOCKON TOHKOTO KapTo-
Ha, Harpumep, aaunoit 60 cm. J[1st sToro, cieyeT 3aKpenuTh B BEPTUKAIHHDIE
IJIACTUKOBBIE COJIOMUHKM, OJIHY Ha paccTogHuu 20 CM OT OJHOTO KOHIIA KapTO-
Ha, a Apyryio Ha paccrosuuu 20 cM OT APYroro KoHma. Mbl BelraeM HECKOJIb-
KO OY€Hb TOHKHUX IOJIOCOK ITAIMPOCHOM OyMaru HaJi BepXHeil TOPU30HTAJIbHOMN
rpaHbio MUPOKOH TOHKON KapTOHHOI TOJIOCKHU, KaK Ps JIEKTPOCKOoB. Korma
MBI 3apsKaeM TOHKUHI KapTOH, Iiapallasg €ro HaTepTO COJIOMKOI, BCE IIOJIOCKU
MMANUpPOCHO OyMaru pasjBUTAIOT CBOU HOTH. BMECTO MpsSMOYTOJIbHOW TOHKOI
KapTOHHOH IOJOCKH MOYKHO TaKzKe HCIIOJIb30BaTh *KECTKHUIT MeJHBIA IIPOBO.

Temepb MBI CTPOUM TaKyIO Ke T-00pa3Hyi0 KOHCTPYKIIUIO C TEMHU Ke Pa3Me-
paMu, HO TOJBKO U3 IIACTHKA. B KadecTBe rOpm3oHTAJILHON BepxHei yactu T’
MOXKHO B34Th IIACTUKOBYIO JINHEHKY (C IIOCKOCTHIO B BEPTUKAJIHHOM IOJIOXKE-
HUM), WK Psifl, INIACTUKOBBIX COJIOMUHOK, IIPUKPEIJIEHHBIX JAPYT K JIPYTY HOCJIe-
noBaTesbHO. MBI BelllaeM TOHKHUE IMOJIOCKHU IAIMPOCHOI OyMaru BJIOJIb BEPXHEH
qactu ', pacroyIOXKeHHBIX BJIOJIb €r0 JJIMHBI. 3aTeM HATHPAEM JIPYTYIO ILIACTH-
KOBYIO COJIOMKY W IIaparaeM eio BepxHuit Kpait miractuka 1. Ha sToT pa3 Tonkue
IIOJIOCKU TIAIMPOCHOM OyMaru He pa3/BUTAIOT CBOU HOT'H, 33 MCKJIIOUEHHEM TeX,
KOTOPBIE PACIOJIOXKEHBI OJIM3KO K TOMY MECTY, /i€ MbI IIapaIaiu.

OkcnepumeHt 7.2

MpbI BBIpe3aeM JIMCK U3 TOHKOro KaproHa auamerpoM 20 cMm. Ilnockocts mauc-
Ka OyJIeT HaXOAUThCA B I'OPU3OHTAJILHOM IIOJIOXKEHUHU, U IIOJJIEPXKUBATHCS Ha
IJIACTUKOBBIX COJIOMUHKAX, Pa3MEIIEeHHBIX BEPTUKAJBHO B COOTBETCTBYIOIIUX
MecTax oA HuM. C IOMOIIBIO HOYKHHUIL MJIA JBIPOKOJIA MbI JEIaeM MHOIO Iap
OTBEPCTH BIOIb IUaMeTpa JIUCKa, C O9eHb OJIM3KO PACIIOI0KEHHBIMI OTBEPCTH-
MM B KaxKJIOi mape. 3aTeM Mbl IPOJAEBAEM ONHY TOHKYIO OYMAarKHYIO IIOJIOCKY
Jepes KaxXKIyIo [1apy OTBEPCTUI TAKMUM 00pa30M, YTOOBI OHA BHCEJIA 110 IIEHTPY, a
KazkJ1asl [IOJIOBUHKA IIPOXOJIMJIa Yepe3 OTBEPCTHE HAIIPOTUB JAPYTOil MOJIOBUHKH.
B kauecTBe pyroro BapuaHTa, MOXKHO IIPUKJIESITh [TOJIOCKU B BHjie OyKBbI L Ha
HUZKHEN cTopoHe jucka. /IBe mosocku 60k 0 60k obpasyror 6ykBy T, ¢ BepTH-
KaJIbHOM YacTbI0 OyKBBI, COCTOSINEHR U3 IBYX IIOJIOC, CBACAIOIINX BEPTUKAJIHLHO
¢ aucka 00K 0 60k. MbI HATHpaeM JAPYTryIo IJIACTUKOBYIO COJIOMKY U IapalraeM
€e1o 110 Kparo jucka. [1o/1ocku TOHKO# GyMaru pa3jaBUrar CBOM HOI'U. DTO IIPOKC-
XOJUT TAKZKe JIJIsl TeX I10JIOC, KOTOPhIE PACIIOJIOXKEHBI JIAJIEKO OT MECTa, IJIe MbI
aparaJim.

Mpbr He HabsrogaeM Moa00HOTO 3 deKkTa ¢ MIACTUKOBBIM JUCKOM. B sToM
cJIydae MOJIOCKU IAIUPOCHOM OyMaru, KOTOpbIE PaCIIOJIOZKEHbBI JAJIEKO OT MeCTa
IapamnaHusl JIUCKa HATEPTOH COJIOMKOI, He PacKphIBAIOT HOru. TOJIBLKO Te, UTO
PSLIOM € TIOIAPAIIAHHON 00JIaCThIO, OYAYT PACKPBIBATHCS.

OTU KCIHEPUMEHTHI [MOKA3BIBAIOT, YTO IIPH SJIEKTPU3AIMK IIPOBOJHUKA, 3a-
PAIbI, KaK IIPABHUIIO, PACIPEIEIISIOTCS 110 Beell ee MoBepXHOCTU. B ciryuae nzo-
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JISITOpa, C JIPYTOil CTOPOHBI, OHU HE MOTYT CBOOOJHO HEPEMEIIATHCS BJOIb €r0
MOBEPXHOCTH, OCTABASICh B TON OBJIACTH U30JISTOPA, TJIe UMEJIO MECTO TIPOU3BOJI-
CTBO WiH Tepenada 3apsioB. Tor ke camblit 3dderT HabIIIIAICST B 9KCIIEPU-
MeHTe 6.25.

7.2 KoJiuiekTopbl 3apsia

Hamr cienyromuit sekrpudecknit npubop — KoJIeKTop 3apsijga. OH HCHosb-
3yeTrcst JJIs MOJIyUeHHs] HEeDOJIBIIOTO KOJIMYECTBa 3apsjia U3 JII0DOro ydacTKa
JIEKTPU30BAHHOTIO TeJia. [loMecTHB HAKOIIEHHBIH 3apsi/] BOJU3H ITOJ0KUTEIb-
HO U OTPHUIIATEIHHO 3aPAKEHHBIX MAATHUKOB, NJIN 3aPAKEHHBIX 3JIEKTPOCKOIIOB,
MO2KHO OIIPE/IEJINTh 3HAK 3apsifa. BeInunna npuTsKeHns U OTTAJKABAHUS HA
MadATHUKAX U 3JIEKTPOCKOIIaX, TaKxKe yKa3blBaeT, dABJIAETCH JIU HAKOIJICHHbII
3apsia OOJIBIIUM WJIM MaJIeHbKHAM. XOTS JIEKTPHUYECKUN MAasTHUK WU JIEK-
TPOCKOIT TaKXK€ MOYKHO HCIIOJIb30BATH B KavdeCTBEe KOJJIEKTOPA 3apsijia, MbI Oy-
JIeM HCIIOJIb30BATH STOT TEPMUH [1JTsi 0003HAYEHUS] MHCTPYMEHTOB, TIOCTPOSHHBIX
CIEIUAJIbHO JJIs 3Toi mesin. KoJuteKTop 3apsma MOXKET CIYKHUTh TaKyKe KakK
CPEeJICTBO /IS IIepeHoca 3apaga MeXK/y JBYMs IIPOCTPAHCTBEHHO Pa3/e/eHHBI-
MU IIPOBOIHUKaMM.

IIpocreiimuit KOIEKTOP 3TO MAP U3 AJIOMAHAEBON (DOJIBIHU, TOIBEIIEHHOM
Ha KOHIIE IICJIKOBOI MM HEUJIOHOBOM HUTH, JAPYrOil KOHEI[ KOTOPOU IpUBA3AH
K TutacT™MaccoBoii cosomke (Puc. 7.1). Msia MOXKeT GBITh M3TOTOBJIEH TaKkKe U3
OyMaru wiIm Jpyroro MOAXOJsAIero npoogauka. 11lesk, Oyaydn HM30/ITOPOM,
[IPEJIOTBPAIIAET YTEUKY HAKOILUIEHHOT'O Pa3psijia. ¥YBeJUIHBas uaMerp cdepsl,
MBI YBEJITYNBAEM KOJIMYECTBO 3aps/ia, KOTOPOe OHA MOXKET HAKOIUTH B KaXKIOM
9KCIIEPUMEHTE.

LesiIkoBaAa HUTb

(O MAYMK 13 aNtOMUHKEBON
donbru

Puc. 7.1: KonnekTop 3apsia.

Bropast Mosiesih aHaIOTMYHA, IPEIBIIYINEN U COCTOUT U3 AJTFOMIUHUEBO hOTh-
ru B opMe miapa, IPUKPEIJIEHHOr0 K KOHILy ILIacTMaccoBoii cosiomku (Puc.
7.2). 2ZKecTKoCTb COJIOMKY SIBJISIETCS TIABHBIM OTJINIUEM 3TOH MOJEJIH OT [IPEIbl-
JAyLIeii. DTO MMO3BOJISIET CHUMATDh 3apsijibl C BEPXHEl 1 GOKOBOI TOBEPXHOCTHU
3apsIPKEHHOTO TPOBOJIHUKA, YIEPYKUBas COJOMKY CHU3Y mim cOOKy. 1o ecTb aTa
MOJIEJTb JaeT OOJIbIe KOHTPOJIST HaJl TeM, KyIa MOXKHO [TOMECTUTH AJTFOMUHUBBII
mapuK Jyisi cOopa 3apsija.

Jpyras MO/ie/Tb COCTOUT U3 TIOJIOCHI AJTIOMUHUEBOH (DOJIBIH, IPUKPEILIEHHOIT
K KOHI[y TLJIACTUKOBOI COJIOMKH. DTa I0JIOCA MOXKET OBbITh, HAIIpUMED, D5 CM B
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MAYUK U3 aIIOMUHUEBOM
donbru

nNacTuKoBaa CONI0OMKa

Puc. 7.2: JIpyroit kojuteKTOp 3apsiia.

JUIMHY ¥ 2 MM B muputy. Mbl IpuKienBaeM ee BOKPYI KoHurKa cosomku (Puc.

7.3).

nosiocKa 13
antommHneson ¢onbrm

NnacTUKOBaA CO/IOMKa

Puc. 7.3: Tperbs MoJie/Ib KOJJIEKTOPA 3apsijia.

BeposiTHo, camblii TIepBBI KOIEKTOP 3apsiia, TOCTPOCHHBIN UCKIIOINTE b
HO Jiyist 310l 1esn, 611 mpeioker @. V. T. Dmunycom (1724—1802). Her un
OJIHOTO M3BECTHOrO HopTpera Dmmuyca.! Ero KoJIeKTop HmpeacTaBisi coboit
IPOCTO HEDOJIBION KYCOK MeTaslia, JJIMHON OKOJIO 3,8 CM, ¢ HEDOJBIIUM KPIO-
KOM B CepelinHe, K KOTOPMY OH IPUKPEINJ XOPOIIO BBICYIIEHHYIO IIEJIKOBYIO
HuTh. OH ommcas 3TOT WHCTPYMEHT W HECKOJbKO MHTEPECHBIX YKCIEPUMEHTOB,
[TPOBEJIEHHBIX C HUM, B KHUTe, U3IaHHOM Ha JiaThiHu B 1759 romy, Hcce no meo-
PUU IACKMPUMECTNEA U MALHEMUSMA.>

IMTapab-Ortocren Kyson (1736—1806) uzobpesn B 1787 romy Apyryo Momiess,
KOTOpasi Ha3bIBaeTcs MpoBepodHas 1aockocTh (Puc. 7.4).3 Kymon snan paboty
DumHyca U IUTUPYET ee B CBOUX paborax.

IIpoBepounas MIOCKOCTb 3TO MPOBOISIIIUN JINCK C M30JUPYIONIEH PYIKOM,
MIPUKPEIUIEHHOM K ero 1eHTpy. KyIoH ncrnosib30Baa ero [js OnpeeeHns pac-
IIpe/ieJIeHUsT 3aPsII0B Ha [TOBEPXHOCTSAX JABYX MJIU TPEX IIPOBOIHUKOB, 3aPsIyKEeH-
HBIX TIOCPEJICTBOM KOHTaKTa. Beuvanna 3apsijia, COOpaHHOIO MTPOBEPOTHOMN T1JI0C-
KOCTBIO, TPOTIOPIIMOHAIbHA JIOKAJILHON IJIOTHOCTH IIOBEPXHOCTHOTO 3apsiga. Mo-
JIeJib, KOTOPYIO MBI UCIIOJIb3YEeM 3/1€Ch, TPEICTABIACT TOHKAN KAPTOHHBIN IUCK
3 cM B muamerpe. Mbl MOKeM Pa3MECTUTh AJIOMUHUEBYIO (DOJIBIY HA OTHON U3
€ro rpaHeii, HO 9TO He 00s13aTeIbHO. MBI BhIpE3aeM KyCOK ILIACTUKOBON COJTOMKH
muHOi b cM. Ero ciieiyer npukpenuThs K IEHTPY JUCKA IO, HPSAMBIM YIJIOM,
Kak OyJITO OH sIBJISIETCsI OChIO0 cuMMeTpun. J[Jisi KperjieHusl COJIOMKY K IEHTPY
JIUCKA MOXKHO HCIOJIb30BaTh mwiactuaud (Puc. 7.5). Ilpu paGore ¢ nposepod-

1[Aep79, cTp. 62].
2[Aep79, cTp. 312—314].
3[Hei99, cTp. 495].
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Puc. 7.4: Hlapub-Oriocren Kymnon (1736—1806).

HOM ILIOCKOCTBIO, €e ciieryeT OpaTh TOJBKO 3a COJIOMKY, HE KacasiCh JUCKa U
IJIACTUJINHA.

NA1aCTUKoBaA COZI0OMKa

AONCK U3 TOHKOIO KapToOHa

Puc. 7.5: IIposepounas mrockocts Kynona. Ona sBiIsieTcst TaKKe KOJLUIEKTOPOM,
HO JIJTsl SICHOCTH Oy/IeT YIOMUHATHCS UMEHHO TIOJI 9TUM WMEHEM IIPU ONUCAHUN
CJIETYIOIINX SKCIIEPHMEHTOB.

Otu KOJIJIEKTOPDBI 3apAda 6yﬂyT HCIIOJIB30BATHCA B HEKOTOPBIX 9KCIIEPHUMEH-
TaX, OIIMCAHHBIX 31€Ch.

7.3 9JIeKTpI/I‘{eCKa$I nnoJjdapmn3annd IIPoOBOJHNKOB
OKcriepuMeHT 7.3

Mpb! Busie/u B 9kcriepuMenTe 6.12 4To TOHKUit KapTOH eCTh TPOBOHUK, & TIIa-
CTUK — U309 TOP. MBI BOCIIOJIb3yeMCst 3TUM (HaKTOM, 9TOOBI TIOCTPOUTH U30JIU-
POBaHHbBII MPOBOAHUK. | OPM30HTAIBHBIN TOHKWUII KAPTOHHBIN IUCK JIHAMETPOM
15 cMm o IepKUBaeTCs IeTBIPbMSI BEPTUKAJIBHBIMA IJIACTUKOBBIMA COJTOMUHKA-
MU, IPUKPIIEIIEHHBIX K COOTBETCTBYIOIINM OIIOPAaM, HAIOJ00Me TeX JJIs JIEeK-
TPUUIECKUX MagTHUKOB. MBI pa3MeraeM TPHU MpoBepodUHble miockocTu Kyrmona
Ha MOBEPXHOCTHU JMUCKa BIOJb JUaMeTpa JHUCKa, OJHY B IIEHTpE, a JBe JApyrue
6JIM3KO K MPOTHUBOIOIOKHBIM KpasiM. [Iporymepyem ux 1, 2 u 3, npoBepounas
IJIOCKOCTD B IEHTPE JINCKA TIPY 9TOM oIy daeT Homep 2. CHadasa Mbl pa3psizKa-
eM JIMCK, KOCHYBIINCH €r0 IaJblieM. Terepb Mbl XOTUM IIPOBECTU KCIIEPUMEHT
[0 U3YYEHUIO pacCIpeesieHus 3aps0B Ha TOM JIUCKE B HMPUCYTCTBUU PSJIOM
JPYTHUX 3aps?KEHHBIX TeJ. J[J1s1 3TOro Mbl cCHava1a 3apsKaeM JBa, JIEKTPOCKOIIA
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— OJIMH TIOJIOXKUTEJIBHO, a JPYroi oTpuraTebHo. Mbl pasMernaemM ux MMoJab-
Ie APYT OT JpyTa U OT 3TOr0 MOPU30HTAJIBHOrO aucka. Ham morpebyercs Takke
TPETHl, Pa3PsI?KEHHBIH 3JIEKTPOCKOIL.

Mps1 3apsi2kaeM COJIOMKY HEraTHBHO IT0 BCeil ee JJIMHE, KOIJa MBI TPEM €€ O
HAIIK BOJIOCBI. 3aTeM ee CJIe/lyeT TOCTABATH BEPTUKAJIBLHO HA MMOIXOAIIEH O/~
craBke. CepejiHa 9TOI COJIOMKH JIOJI?KHA OBITH HA TOW K€ BBICOTE, 9TO U TOPHU-
30HTAJIbHAS IJIOCKOCTH JncKka. HarepTast coloMKa MOHOCUTCS OJU3KO K MIPO0-
HO#T ruTockocT 1, He Kacasich mucka (Puc. 7.6). Ouu Gymyr Torma B ciemyonmei
[IOCJIeI0BATEILHOCTHU: OTPUIIATE/BHBIA COJIOMKA, TPOBEPOUHBIE TIJIOCKOCTH 1, 2 1
3, coorBercTBeHHO. OTpUIATE/BHAS COJIOMKA JOJZKHA OBITH HA PACCTOSTHUN OKO-
J10 2 cM ot GutmKaiiiero Kpast jucka. Mbl yIajisieM PpOBEPOYIHYIO TIJIOCKOCTD 2 ¢
JIACKA, U TIOJIHOCUM ee OJIM3KO K Pa3Ps?KEHHOMY 3JIEKTPOCKOITY. DJIEKTPOCKOI HE
pearupyer, 4To CBUIETEIbCTBYET 00 3JIEKTPUYECKONH HEATPAJIBLHOCTH ILJIOCKOCTH
2. MBI MOXKeM [TOMEeCTUTH ee 0OpaTHO Ha JIUCK Ha IIpexKHee MecTo. Temneps yia-
JisieM MPOBEPOYHYIO IJIOCKOCTh 1, U MEJJIEHHO MOJHOCUM €€ K Pa3psi?KeHHOMY
JIEKTPOCKOILY, HE JIOIyCKasi KoHTakTa. [lojioca 371eKTpoCcKoIa IpUTATHBACTCST K
[TPOBEPOYHOM IIJIOCKOCTH, YTO yKa3bIBAeT HA MPUCYTCTBHE 3apsijia Ha IJIOCKO-
ctu 2. 3aTeM MBI MEJJIEHHO ITOJIHOCUM €€ K OTPUIATEIbHOMY U HOJOKUTETHHO-
MY JIEKTPOCKOIIOAM, KaK BCerjia n30erasi KOHTAKTa. 3apsizKeHHasl [IPOBEPOIHAS
IUIOCKOCTh TPUTSTUBAET ITOJIOCY OTPHUIATETHLHOTO JIEKTPOCKOIA M OTTAJTKIBA-
€T MOJIOCY TOJIOKUTETLHOrO JIeKTpocKona. Ha ocHoBaHum 3Tux (haKTOB MOYKHO
3aKJIIOYUTD, YTO MPOBEPOYHAS IJIOCKOCTH 1 CTaia MOJIOXKUTEIBHO 3aPSIyKEHHON
n3-3a PsIJIOM PACIIOJIOKEHHOM OTPUIATEbHOM comoMku. Mbl 3aTem momeriaem
ee 00paTHO B MCXOJIHOE II0JIOXKEHNE Ha TOPU30HTAJIBHOM JiicKe. Ternepb Mbl yia-
JIsTeM TIPOBEPOYHYIO ILIOCKOCTh 3, U IOBTOPSIEM 3Ty IPOIEIyPY; B Pe3yJIbrare
MBI TIPUXOJIUM K BBIBOJLY, YTO OHA 3apsizKEHA OTPUIATEIHHO.

Puc. 7.6: SKCHepI/IMeHT JJId N3y9I€eHUd PDacClIpeleJICHNA 3apsiI0B Ha IIPOBOJHUKE
B IIPUCYTCTBUU PACIOJIOZKECHHBIX PAIOM 3apPAXKEHHBIX TEeJI.

dKcrepuMeHT 7.4

MpbI TOBTOpsieM SKCIPEPUMEHT 7.3, HO TeNephb MMOMEIaeM OTPHUIATEIHFHO 3a-
PSI?KEHHYIO COJIOMKY PsiZIOM C JUCKOM IPHUOJU3UTENBHO B 5 CM OT OJImKaiiero
ero kpas. Il cHoBa 3Ta OTpHIATESbHAS COJIOMKA HAXOIWTCH HA OJHON JIMHUU
¢ TPOBepOYHBIMEU IIocKOCTsIMU KysioHa B ciie/ryiomeM mHopsiKe: OTPUIATEIb-
Hasl COJIOMKa, IMPOBEPOYHbBIe IJTOCKOCTH 1, 2 u 3, coorBeTcTBeHHO. IIpHm mpoBe-
JICHUU TIPEJBIIYIIEH PO YyPhl, Mbl BUJIUM, UTO IJIOCKOCTb 2 HE 3apsKEHA.
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Ha mstockoctu 1 MBI CHOBa HaXOIWM IIOJIOKUTENBHBIH 3apsiji, HO B MEHBIIIEM
KOJINYEeCTBe, YeM B 3KcrepuMmeHTe 7.3. Ha 3T0 yKasbIBaIOT CHIIBI NPUTSKEHUS
U OTTAJIKMBAHUS, C KOTOPBLIMHU OHA BO3JEHCTBYET HA OTPUIATEIbHBIA U ITOJIO-
JKUATEJIBHBIN 3JIEKTPOCKOIIBI, COOTBETCTBEHHO. DTH CHUJIbI MMEIOT 00Jiee HUBKYIO
WHTEHCUBHOCTH B JAHHOM SKCIEPUMEHTE, B CDABHEHUN C COOTBETCTBYIOIIMMU CH-
samu B 3kcriepumente 7.3. [ocse Bo3Bpalenus mI0ckocT 1 HA IpexKHee MeCcTO
HAJI JINCKOM, MBI VJaJisieM IIJIOCKOCTh 3 U IpoBepsieM 3apsij Ha Heil. 11 cnosa
MBI BHJIUM, ITO OHA COJEPXKUT OTPUIATEbHBIN 3apsi/l, HO B MEHBIIIEM KOJIUYIe-
CTBe, YeM TOT 3apsJl, KOTOPBI Mbl HAIILJIA HA IJIOCKOCTH 3 B IKCIIEpUMEHTE 7.3.
O6 9TOM CBHIETEBCTBYIOT MEHBINNE 110 WHTEHCUBHOCTU CHUJIbI OTTAJIKUBAHUS
U [IPUTSKEHUs, C KOTOPBIMHA OHA BO3JEHCTBYET HA OTPUIATEIHHBIN U TOJIOXKU-
TEJIBHBIN 3JIEKTPOCKOIBI, COOTBETCTBEHHO.

Mpb1 MO2K€M TIOBTOPUTH 7.3, KaXKIbIil Pa3 pa3Melnas OTPUIATETBHYIO COTOM-
KY J@JIbIIE OT JIUCKA. UeM /JaJIbIre MbI ee Pa3MeIaeM, TeM MEHbIIee KOJINIECTBO
IIPOTUBOIIOJIOKHBIX 3aPsA/I0B MbI HaxouM Ha miockocTsx 1 u 3. Korma orpura-
TeJbHAs COJIOMKA HaxXoquTcst B 20 ¢M OT OJIMKAMIIEro Kpast JUCKa, WU JaJbIIe,
MMPaKTUYECKN HEBO3MOYXKHO ODHAPYKWTBH 3apsi/ibl Ha [IPOBEPOYHBIX ILJIOCKOCTSIX
B 9THUX IKCIIEPUMEHTAX.

OkcnepumeHt 7.5

Mpsr1 moBTOpsieM sKcrepuMeHT 7.3. Mbl Oyiem HaOJII0ATH CHIIBI, C KOTOPBIMI
3apdAKEeHHbIe IIPOBEPOYHbIC IIJIOCKOCTU BO3JEHCTBYIOT Ha HEUTpaJIbHBIN, I10JIO-
JKUATEJIBHBI U OTPUIATE/bHBIN 3JIEKTPOCKOIBI, KOIJIa OTPUIATE/bHAST COJIOMKA,
HaXOJIUTCsl TPUOJIUBUTEBHO B 2 CM OT Kpasi JUCKA.

3aTeM MBI CTABUM 2 UJIH 3 OTPUIATENHHO 3apsi?KEeHHbIE COJIOMIHKU OJTHOBDE-
MEHHO, PsIJIOM JPYT C JIPYIOM; KarKJasi COJIOMKa IIPU ITOM ITOKOUTCsI Ha CBOEi
nozicraBke. MOXKHO TakzKe KOHITbI 9TUX COJIOMOK CBSI3aTh JPYT C APYTOM, U pa3-
MECTHUTDb uX OOK 0 OOK Ha OJIHOI omope. ITOT HAOOP U3 2 Win 3 COIOMUHOK HAJIO
[MOCTABUTDH CHOBA HA PACCTOSTHUM OKOJIO 2 ¢M OT Kpas aucka. COTOMUHKY JTOTIK-
HBI IMEeTh IIPUMEPHO OJMHAKOBOE KOJIMYECTBO 3aPsIa, IIOCKOIbKY MBI TPEM UX O
BOJIOCHI B TeYeHHE OJIMHAKOBOI'O IIPOMEXKYTKa BpeMeHu. MbI OBTOpsieM SKCIie-
puMeHT 7.3 ¥ BUIUM, UTO IJIOCKOCTH | BHOBB 3apsIMjIach MOJIOXKUTEIBHO, KaK
u panbie. Ho Teneps oHa NpUTATHBAET MOJIOCY HEATPAIHLHOTO JIEKTPOCKOIA C
ropasjio GoJibineii cusoit, uem B sKcrepumente 7.3. OH Takyke TPUTATUBAET C
OoJTBITIElt CUJION TTOJTOCY OTPHUIIATEIHLHOTO JIEKTPOCKOIIA, U ¢ OOIbINeH CUIoH OT-
TAJIKMBAET TIOJIOCY TOJIOXKUTEHHOTO JIEKTpOcKoma. [loaToMy MBI 3aKjiodaeM,
9TO IIPOBEPOYHAsl IIJIOCKOCTH 1 IOJIydmiia Ha 9TOT pa3 0oJiblllee KOJUIECTBO 3a-
psjia, 9eM TO KOJUIEeCTBO, KOTOPOe OHa aKKyMYJIUPOBaJa B SKCIEPUMEHTe 7.3.
WNurencuBHOCTD CUJI, JEHCTBYIONIUX CO CTOPOHBI IIPOBEPOYHON IIJIOCKOCTH 3 HA
IIOJIOCKU 3JIEKTPOCKOIIOB B 9TOM IKCIIEDUMEHTE, TaKKe BBIIIE, UeM HUHTEHCHUB-
HOCTb aHAJIOTUIHBIX CHJI B 3KcrepuMenTe 7.3. COOTBETCTBEHHO, MBI ITPUXOIUM
K BBIBO/LY, YTO OHa IIpuoOpesia 0oJibillee KOJIMIECTBO OTPUIATEHHOIO 3apsia, B
CPaBHEHHUU C IKCIIEPUMEHTOM 7.3.

Okcnepument 7.6
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W3 ToHKOro KapToHA MBI BHIPE3AEM IIPAMOYTOJILHUK cO cTopoHamMu 10 u 7 cM.
OH OyzeT yCTaHOBJIEH B BEPTUKAJILHON IJIOCKOCTH C JJIMHHON CTOPOHOI B ropu-
30HTAJILHOM HaIlpaBjieHun. MbI IPUKPEILIsieM BEPTUKAJIBHYIO COJIOMKY K IIEHTPY
MIPSIMOYTOJIHUKA C ITOMOIIBIO KJIEHKOI JIeHThl. HU>KHUIT KOHEIT COJIOMUHKH IIPH-
KPpeIUTEH K TOJIXOIAIIEl ormope. 3aTeM MbI TPOTAEM IPSIMOYTOJIBHUK, ITOOBI pas3-
psauTh ero. Kak u B sxcuepumenTe 7.3, MbI 3apaHeee TOTOBUM ITOJIOXKUTETHHO
3apsAKEHHBII 9JIEKTPOCKOII U OTPHUIATEHHO 3aPs2KEHHBII 3JIeKTPOCKOI. B sTOM
IKCIIEPUMEHTE MBI HCIIOJIb3YeM II0JIOCKY aJIFOMUHUEBOI (POJIbIU, IIPUCOEIMHEH-
HOHl K ITACTHKOBOII COJIOMKE B KadeCcTBe KOJUIEKTOpa 3apsja, KaK B pasfiese
7.2 (Puc. 7.3). Mbl 3apszkaeM JIPYIyio COJOMKY OTDPHUIATEIBHO M [PUKPEILIs-
eM ee BEPTHKAJIBHO K IMTOAXOJAINei omope. /IBa 3apszKeHHBIX 3JIEKTPOCKOIa —
NIPSIMOYTOJIBHUK U 3aps2KEHHAs COJIOMKA — II€PBOHAYAJIBHO PACIIOJIOXKEHBI Ha
JIOCTATOYHOM YIAJIEHUH JIPYT OT JpyTa.

Tenepsb MbI TpUO/IMKAEM 3aPSIZKEHHYIO COJIOMKY K OJHOMY U3 BEPTUKAJIBHBIX
KpaeB MpsiMOYTOJIbHUKA, n30erast Ipu 3TOM KOHTaKTa. Koria paccTosHme Mex Ty
HUMU COKPATUTCS MPUOIU3UTETBLHO 0 1 Mam 2 ¢M, MBI [[apAlaeM AJIOMITHIIE-
BYIO (DOJIBI'Y ITOJIOCKOHN KOJIJIEKTOPA BBEPX U BHU3 IO JIPYTOMY BEPTUKAJIBHOMY
Kparo npsamoyroabHuKka (Puc. 7.7). 3aTeM MBI HOTHOCHM 3Ty MOJIOCY BOIM3KO
K JIBYM 3apsi?>KEHHBIM 3JIEKTPOCKOIIAM, He [MO3BOJIsisi UM COIPUKOCHYThCsI. Cyist
10 TIPUTSI?KEHUSIM U OTTAJIKUBAHUSM, HAO/IIOMAEMbIM B 9THX JIEKTPOCKOTIAX, MbI
MIPUXOJUM K BBIBOJLY, UTO I0JIOCA KOJIJIEKTOPA 3apsIMIach OTPUIIATEHHO.

[

T 110

Puc. 7.7: Isyuenne pacupesenenns 3apsaoB 110 IPOBOIHUKY.

Mpb1 pa3psizKaeM 3Ty IIOJIOCKY, KOCHYBIIUCH €€ MaJjIbliaMu. Ternepsb IapamaemM
€10 BBEPX U BHU3 BEPTUKaAJIbHBIN Kpail IpAMOYTOJIbHUKA, KOTOPBIM HaXOMUTCS
GJiM2Ke BCero K 3apsizKeHHOI COJIOMKE, COOITIONAs BCE IIPEIOCTOPOXKHOCTH, ITOOLI
HE 33JIeTh COJIOMKY. Korma Mbl MEJIEHHO IOJHOCHM IIOJIOCKY OJIM3KO K JBYX
3apsKEHHBIM JIEKTPOCKOIIAM, MBI IIPUXOIUM K BBIBOJY, UTO [IOJIOCA IIPHOODPeIIa
TIOJIOZKUATEJIbHBIA 3apdAJl.

DkcnepumeHt 7.7
Mpb1 moBTOpSsieM SKCIepUMEHT 7.6, HO Terephb ¢ pa3MeIeHneM OTPUIATETHHOM
COJIOMKHU Ha, PACCTOSTHUH OKOJIO 5 CM OT OJIMKAiflero Kpasi IpsiMOyTrOJbHUKA.

KOI";L& MBI IIOBTOPAEM 3TY IIPOIEAYyPY, Mbl CHOBa HaXOJAUM, 9YTO CTOPOHa IIPA-
MOYTOJIBHUKa, KOTOpas HaAXOAUTCHA JaJjibIll€e BCEro OT OTpHLLaTe.HBHOfI COJIOMKHA
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cTaJIa OTPUIATEIHLHO 3aPsIKEHHOI, a CTOPOHA, KOTOPas HAXOIUTCS OJIMKe K CO-
JIOMKe, CTaJIa, TOJIOKUTEIHHO 3apsizkerHHoi. Ho KotmvuecTBa COOpaAHHBIX 3apsI0B
MEHbIIle, B CPABHEHUU C COOTBETCTBYIOIIUMU KOJUYIECTBAMU 3apsjIOB, COOPaH-
HBIX B 9KCIlepuMeHTe 7.6. DT KOJIMIecTBa 3aPsi/IoB MOXKHO OIEHUTH C IIOMOIIIBIO
CHJI, OKa3bIBAEMBIX 3aPAKECHHOI MOJIOCKON Ha IOJOXKATEJIbHBIA U OTPUANATE b
HBIIl 3JI€KTPOCKOIIBI.

Korma orpunarenbHas coJOMKa HaXOmAUTCs Ha paccrogamu 20 ¢cM oT 6Jm-
2KaIero Kpad NpsAMOyTroJbHUKA WX JaJbllle OT Hee, MeTaJlIndecKas I10JIOCKa
He MoJIy4daeT IIPaKTUYeCKN 3aMeTHOI'0 KOJIMYECTBa 3apdaia.

dkcnepuMmeHT 7.8

Mpbr noBTOpsteM SKcrepuMeHT 7.6, HO Temeph COBMeNaeM 2 WId 3 OTPHUIA-
TEJILHO 3apsi?KeHHBbIE COJIOMKH BMeCTe, Kak B dkcrepumenTe 7.5. OHM [MOKHBI
UMETh TPUOJUIUTETHHO OJIMHAKOBYIO 3JEKTPHU3AIINIO, TIOCKOJIbBKY OHU B PaBHOIT
cTereHn OBLIN ITOJBEPTHYTHI TPEHWIO O BOJIOCHL. VIX HYKHO pPaCIOJIOXKUTH HA
paccTosgHIE OKOJI0 1 miam 2 ¢M OT Kpas IpsaMOyroJbHUKa. [locie moBTopeHus
MPEbIIYINell TPOIEAyPhl, Mbl HAXOJIUM, YTO AJIOMHUHHEBAas (DOJIbIa IOJOCKHU
KOJIJIEKTOPa IIPHOOpesIa OoJIblilee KOJIMIECTBO MOJIOKUTEIBHBIX U OTPUIATE b
HBIX 3aPsJI0B, B CDABHEHUU C KOJTMIECTBOM 3aPsIJI0B, COOPAHHBIX B 9KCIIEPUMEHTE

7.6.

OTHU IKCHEPUMEHTHI MOKA3BIBAIOT, UYTO TPUCYTCTBUE HATEPTOH COJIOMKH BbI-
3bIBAaET pa3lesIeHre 3aps/I0B Ha COCEIHEM IIPOBOJHUKE. JacTh IPOBOJHUKA, KO-
TOpasi HaXOJUTCs OJIMKe K HATEPTOH COJIOMKE, IIPUOOpeTaeT 3apsiji, IPOTUBO-
MIOJIOYKHBII [0 3HAKY 3apsi/ly Ha COJIOMKE, B TO BpEMs KaK ITPOTHUBOIIOJIOXKHAS
9aCTh IIPOBOIHUKA IPUOOPETAET 3aPsiJl TOTO JKe 3HAKA, ITO U 3aPs/I Ha COJIOMKE.

OnpeneneHusi: 9To sIBJIEHUE U ITOT IIPOIECC HA3BIBACTCS IJIEKTPHUIECKOI
TN 9JIEKTPOCTATAIECKON NnoaaApu3ayuets, uHdyKyuet, 6AuAHUEM, UHOYKUUOHHOT
noaspusauuet, Hasedennol noaspudaruetl, Hasedennol asexmpusayuets, UHOYK-
YUOHHOU aaekmpusayuelt LN asekmpusayuet: coobweruem. B aroit pabore MbI
OyJieM II0JIb30BAThCS B OCHOBHOM IIEPBBIM BBIPAYKEHHUEM, IAEKMPUYECKAA NOAA-
DPUSAUUA.

OKcrepuMeHThl 7.4 u 7.7 MOKa3bIBAIOT YTO-TO ele. Mbl MOXKEM yBeJIMYUTh
KOJIMYIECTBO HMHJIYITUPOBAHHBIX 3apsi/IoB Ha OOEUX CTOPOHAX IPOBOJIHUKA IIy-
TeM YMEHBIIIEHUsI PACCTOSIHNS MEXK/1y [IPOBOJIHUKOM U HATEPTOH COJIOMKOiL. DTO
npecTaBiaeHo Ha Puc. 7.8.

Bepuemcst x sxcriepumenty 4.5. OTKIOHEHE MAsTHUKA OT BEPTHKAJIN YBEJIU-
YUBaETCs, KOIJIa PACCTOSIHUE MKy HATEPTOH COJIOMKON M MasTHUKOM yMEHDb-
MAaeTcsd. DTO YKA3bIBAET Ha OOJIBINYI0 cuiry Mexky Humu. OTcioma siCHO, 9TO
MIOJITPU3AIUIO IMCKA MOYKHO YBEJIUYIUTH [TOCPEICTBOM COKPAIIEHUS] PACCTOSHUS
MeXK/Iy JIUCKOM U 3JIEKTPpU30BaHHOU cosomkoii (Puc. 7.9).

OxcrepuMeHTHI 7.5 U 7.8 TakyKe MOKA3bIBAIOT 9TO-TO ToA06Hoe. MBI Takke
MOXKEM YBEJIMYUTH KOJIMYECTBO MHIYIIMPOBAHHBIX 3aPsIOB HA 00ENX CTOPOHAX
IIPOBO/THUKA, YBEJIMYUBas KOJIMYECTBO 3apsiia Ha OJIN3JIeXKAIeM 3JIeKTPU30BaH-
HoM m3ouisitope (Puc. 7.10).

193



2
(a) (b)

Puc. 7.8: (a) Hoasipusanust npoBOJHUKA GIIN3IIEKAIIAM JIEKTPU30BAHHBIM U30-
asiropoM. (b) TIpu yMeHBIeHNN PACCTOSHUST MEK Ly STUMHU TeJaMU, KOJIHIECTBO
[IOJIOYKUTEJIBHBIX U OTPUIATE/IBHBIX 3aPsIIOB, MHIYIMPOBAHHBIX HA IPOBOIHUKE,
YBEJINIUBAETCS.

O

(2 (b) (©)

Puc. 7.9: YMenbmenas pacCTOSHIS MEXKJTy HATEPTON COJIOMKOI M MAasITHUKOM,
Mbl yBeJWYUBaeM IOJIAPHU3AINI0O HMHYIIMPOBAHHLIX 3apdA/I0B Ha IIPOBOJLAIIEM
JUCKE.

7.3.1 DuuHYC U JIeKTpUYecKas NoJIapu3anus

OpauM 3 HanboJtee M3BECTHBIX YUEHBIX, 3aHUMABIIUXCS 9TOH TeMOil, Ob11 Du-
HYC B II€PUOJ, 1755—1759.4 OmublT, aHAJIOrMYHBIIT 9KCIIepUMeHTY 7.3, ObLI BIIep-
BbIE IPOBEJEH DIMHYCOM, KOTOPEI OIICAJ ero B coeil kuure 1759 roma.’ Ha
Puc. 7.11 npencraBiien oauH U3 €ro SKCIEPUMEHTOB.

BMecTo KapTOHHOTO JIMCKA HA ONOpPE U3 IIACTUKOBBIX COJIOMUHOK, OH WC-
[IOJIL30BAJI METAJINIeCKUi crep:kenb AB ol 0ko/10 30 ¢M Ha CTeKJISHHBIX
n3osmpytonux nojacraskax CD u EF (Puc. 7.11 (a)). Ero kosureKTops 3apsi-
Ja ObM ommcaHbl B pasjese 7.2. OHU TPEJCTABISIIOT CODOI MeTajImdecKue
perasn GL u gl okosio 3,8 ¢M JMHOI, ¢ HEOOJBIMUMU KPIOKAMU B CEDEJIIHE
M wu M, Ha KOTOPBIX OBLIM MOJBEIIEHBI XOPOIIO BBICYIIIEHHBIE IIEJIKOBbIE HUTH
HM w HM. B KadecTBe 3apsKEHHOTO Teja, BMECTO OTPHUIATEJHHON HaTep-
TOI COJIOMKM, OH HCIIOJIb30BAJI dJIeKTpu3yeMblit mymaap [ K. 91o MoxkeT ObITh
CTEKJISTHHBIA IUIHHID, JIEKTPU30BAHHBIN [TOJIO2KUTETHHO TPEHIEM, WJIH CEPHBII
MUJIMHJIP, JEKTPU30BAHHBIN OTPHUIATE]HHO TPEHUEM.

OH TecTUpPOBAJ 3apsiibl, MHIYIHPOBAHHBIE KAYKJIBIM IIMJIMHIPOM Ha KOHIIAX
MEeTAJITMIECKOTO CTEPXKHS, ITOOBI [I0KA3aTh IMOJIAPU3ANUIO MPOBOgHUKA. s
3TOro, oH OpaJjI HAdIEKTPU30BAHHBIN TPEHUeM IUIMHID, TOIHOCUII €10 DJIM3KO K
KOHILy A CcTep:KHsl, HA PACCTOSTHUN OKOJIO 2,5 CM, U JIepzKaJl er0 HEellOJIBUYKHO. 3a-

4[Aep79], [Hei81a|, u [Hei99, crp. 384—402).
5[Aep79, cTp. 312—314].
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Puc. 7.10: (a) Ionspusanust 1poBoJHUKA GJIA3/IEXKAIINM 3JIEKTPU30BAHHBIM U30-
sropoM. (b) Ilpu yBesmyeHun j1eKTPU3AIUE H30JIATOPA, KOJUIECTBO [IOJIOXKHU-
TeJIbHBIX U OTPUIATEIBHBIX 3aPsI0B, UHIYITUPOBAHHBIX Ha IIPOBOIHUKE, YBeJIN-
qUBAETCS.

(@) (b)

Puc. 7.11: DrcrepuMeHT DuuHyca s JTOKA3aTEIHCTBA TOJISPU3AIUN TPOBO/I-
HUKOB BOJIM3U 3aps?KEHHBIX TEJI.

TeM OH IOJHUMAJ KyCcOK MeTaiita G L ¢ moMoIpio mesikoBoit Hutu H M u kiai
ero Ha crekJstHEYT0 oropy NO (Puc. 7.11 (b)). Koryma oH nojHec moioKuresnsb-
HOe W OTpHIaTeSbHOE Tejla OIM3KHe K KOJIEKTOPY 3apsijia, PACIOJIOKEHHOMY
ma NO, OH IpHIIEN K BBIBOLY, YTO KOJUIEKTOP HIPUOOPET 3aps]| CO 3HAKOM, IIPO-
TUBOIIOJIOXKHBIM 3apsijly IMInHApa. Korma OH IpoBes TOT Ke TeCT ¢ APYIUM
KOJIJIEKTOPOM 3apsijia gf, OH NPHUIIES K BBIBOLY, UTO OH MPHOOPEs CyMMApPHBIi-
3apsiJi TOrO Ke 3HakKa, 4To u muauHap. To ects koHunpbl A u B mpoBojsiero
CTEPKHS IPHOOPE/IH 3apsiibl PA3HBIX 3HAKOB, C 3apsiJIoM Ha KOHIE B 0IHOro
3HaKa, 9TO M 3apsan Ha muauHape [ K.

7.4 IlpurgKeHus u OTTAJKNBAaHNsI, OKa3bIBaeMbIe
MMOJITPU30BAHHBIM TEJIOM

OkcriepuMmeHT 7.9

B 3TOM 3KCIepuMenTe Mbl UCIIOJIb3yeM TOHKUI KAPTOHHBII MPAMOYTOJLHUK
13 9KCIEPHUMEHTa 7.6, 3JeKTPHYeCKHT MAATHUK U ILIACTHKOBYIO COJIOMKY. MBI
pa3psarKaeM HIPSMOYTOJbHUK U MAATHUK, IPUKOCHYBIINCH K HAM IAJbIEM. 3a-
TeM MbI pa3MellnaeM UX 60K 0 GOK BJI0JIb OJHOI M TOIi Ke IJIOCKOCTH, MAaATHUK
IIPH 3TOM PACIIOJIOXKEH OJINBKO K IIPaBoMy Kparo B miacTuHbl. PaccTossHue MexK-
Jly KpaeM JIMCKa U KAPTOHOM JI0JI?KHO ObITh 0T 2 10 5 cM (Puc. 7.12 (a)).
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Puc. 7.12: (a) HelfTpaJibHbIH MasITHAK BUCHT BEPTUKAJIBHO DSJIOM C HEATpAIb-
HOIt IpoBoOIAIIel TTacTHHOM (JeBblil Kpait A u npasbiii kpait B). (b) IIpu npu-
GJINKEHUH HATEPTON COJIOMKU K OJHOMY U3 KDPA€B ILIACTUHBI, MAITHUK [IPUTsI-
ruBaercs K jgpyromy kpao. (¢) Korma Mbl yaassieM 1iacTuny, MagTHUK BO3BPa-
MAeTCs B BEPTUKAJIBHOE TIOJIOYKEHNE.

MpI 9/1€KTpU3aIupyeM IJIACTUKOBYIO COJIOMUHKY OTPUIATEHHO TPEHUEM O
HAIIM BOJIOCHI TI0 BCell JjIMHE, TPEJBAPUTENHBHO 3aKPENNUB €6 BEPTUKAJILHO Ha
orope. 3aTeM MbI OMEIIAEM €€ B IJIOCKOCTU KapTOHA, HAIIPOTUE MAsATHHUKA, U
JAJIEKO OT HUX. 3aTeM IOJHOCHM COJIOMKY MEJJIEHHO K JIEBOMY Kpaio A Kap-
rona. IIpu gocTarodHoM COJUZKEHUN, MAATHUK CKJIOHSIETCS B CTOPOHY IIPSIMO-
yrospauka (Puc. 7.12 (b)). cosoMky ciemyer nepKaTh Ha JOCTATOYHOM yJa-
JIEHUU OT TIPSIMOYTOJIbHUKA, YTOOBI TPEJOTBPATUTH KOHTAKT MEXKJLY JUCKOM U
IPSIMOYTOJILHUKOM. [Ipu yriajeHnn COJIOMUHKH MAsITHUK BO3BPAIIAETCS B BEP-
TUKAJILHOE TIOJIOKEHIE.

IMogHOCHM CHOBA HATEPTYIO COJIOMKY K HPIMOYTOJIBHUKY TAKUM 00pasoM,
4TOObI MAFTHUK HAKJIOHUJICA K KapTOHY, Kak mokasano na Puc. 7.12 (b). Te-
IEPhb MBI Y/IAJISEM KAPTOH, HE NMPUKACASICh K COJIOMKE W MASITHUKY. Y/IAJIeHue
IPSIMOYTOJIBHUKA, JIOJI?KHO TIPOU3BOIUTHCS B HANIPABJIEHUH, TIEPIEH IUKYISIPHOM
K €ro IIocKocTH. Iloc/ie yaleHusa IpaMOyroJIbHIKa MAsTHAK BO3ZBPALIACTCS B
BepruKasbHoe nojoxkerne (Puc. 7.12 (c)).

DTOT 3KCIIEPUMEHT MMOKA3BIBAET, YTO MAATHUK MPUTATHBACTCS MOJAPU30BAH-
HBIM KapTOHOM, & HE HATEPTI COJOMKOM, KOTOPas HAXOAUTCSA CJINNIKOM JIAJIEKO
OT MagATHHKA. DJIEKTPU3OBAHHASI COJIOMKA, SIBJIAETCS HMPUUUHON MOJISIPU3AIAN
POBOJIAIIEr0 KAPTOHA, HO OH& HAXOJAUTCS CJIMIIKOM JAJIEKO, YTOOBI 3aMETHO
MOBJIMSATL HA MAsSITHUK.

DkcnepumenT 7.10

B 3ToM 3KcniepuMenTe MBI HCIIOB3yeM TOHKHIT KAPTOHHBINA MPSIMOYTOJHbHUK
73 IKCIEePUMEHTa 7.6, JIEKTPUIEeCKNl MASTHUK U IJIACTUKOBYIO COJIOMKY. MbI
3apgdKaeM COJIOMKY HeraTHBHO IIO Bcell ee JIJIMHe TPEeHHEeM O BOJIOCHI U yCTaHaB-
JINBaeM ee BEPTUKAJIHHO Ha orope. Korga Mbl npubimkaeM HEHTPAJIbHBIH MasiT-
HUK O4Y€eHb OJIN3KO K HATEPTON COJIOMKE, Mbl HabJro1aeM nputsizkerre. 06 sTom
CBUJIETEJILCTBYET OTKJIOHEHHUE JIMCKA MasTHUKA B CTOPOHY HaTepToii cosioMku. C
IPYTO#l CTOPOHBI, KOTJA PACCTOSHIE MEXKJIy HATEPTON COJIOMKOI 1 OyMaKHBIM
JIICKOM MAasITHUKA OOJIbIIIE MM PABHO HPHUOJU3UTE]HHO 15 CM, MAsTHUK OCTa-
eTCsl B BEPTUKAJIBHOM II0JI0yKeHuu. HecMoTpst Ha 9T0, HaTepTas COJIOMKA BCE 2Ke
[PUTATABAET €r0; HO 9Ta CUJIA HACTOJIBKO MaJla, 4To ee TPY/HO 3aMeTuTh (Puc.

7.13 (a).
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Puc. 7.13: (a) OrpunaresnbHasi COJIOMKA Ha PACCTOSTHUY 15 CM OT HEHTPAJILHOTO
masitHEKA. (b) Korma Mbl omeraeM IpoBOJSIIIYIO IIACTHHY MKy HUMM, MbI
HaOJTIOJIaeM [IPUTsI?)KEHNEe MasSTHUKA IJIACTUHOM.

IIpenmonoxxum Teneps, 9TO HaTEepTas BEPTHKAIbHAS COJIOMKA U BEPTUKAJIb-
Hasl HUTh HEHTPAJIbHOTO JIEKTPUYECKOr0 MAsITHUKA pa3/esIeHsl Ha 15 cM, a Ipsi-
MOYTOJIbHBII KapTOH PACIOJIOXKEH JTaJeKo OT HUAX, KaK MoKa3zaHo Ha Puc. 7.13
(a). MbI 3aTeM momeIaeM IIOCKOCTh KapToHa pazMepoM 10 Ha 7 cM napaJuiesib-
HO IIJIOCKOCTH, KOTOPYIO 00Pa3yIoT COJIOMKA U HUTH MASTHUKA, HO HE COBIIA/IAET
¢ 9To# mockocThio. Ilocsie aToro Mel mepemMeriaeM KapToOH B HAIIPABJIEHNH, TT€P-
MEHUKYJISPHOM K €r0 IIJIOCKOCTH, TAKUM 00Pa30M, YTOOBI OH OCTABAJICS MEXKLY
HATEPTON COJIOMKOII U MadTHUKOM, IIOKAa BCE OHU HE OKaXXyTCd B OJHOU IJIOC-
koctu (Puc. 7.13 (b)). 3amernm, 9T0 MAATHAK IPATATABACTCH KAPTOHOM, CKJIO-
Hesch K Hemy. Ha aToMm sTame mMbl OyZieM m30eraTb KOHTAKTA MEXKIY HUMM.

OxkcrepumenTsl 7.9 um 7.10 moKa3bIBAOT HOBBINA BUJ npuTskeHusi. /o cux
[Op MbI BUJE/IH, KAK 3apPIKEHHOE TeJIO (IIPOBOIAHUK HJIM M30JIATOD) IPUTSITHU-
BaeT HeWTpaJibHbIe Tejla. B JaHHOM 2Ke CjIydae, HaTepTas COJIOMKA HAXOIUTCS
IAJIEKO OT MASITHUKA U HE IPUTATUBAET €r0 JIOCTATOYHO CUIBHO, YTOOBI BHI3BATH
OTKJIOHeHHEe MadgTHUKA. Ho B pazzese 7.3 Mbl BUEIN, YTO IPOBOISIIAS IIJIACTH-
Ha IOJIAPU3YETCs B IMPUCYTCTBUM PsIJIOM HATEPTON COJIOMKH. DTO Pas3jie/IeHue
3apsiIOB 110 BCEMY TeJIy ILIACTHHBI oka3ano Ha Puc. 7.13 (b). Cymmapubril 3a-
pa Ha mwiacTune orcyTerByer. CyMMa ee TOJIOKUTEIbHBIX (6IM3K0 K HATEPTOM
COJIOMKE) U OTPUIATEJLHBIX 3apsa/0B (B CAMOM JaJIbHEM KPAIo) PaBHA HYJIO.
HecmoTpsa na 910, OHa MPUTATHBAET HEATPATHHBIN MAaSTHUK, PACIOJOKEHHBIMH
psizioM ¢ ee orpuiare/ibHON KpaeM. O6 5TOM CBUIETEILCTBYET HAKJIOH MasiTHH-
ka Ha Puc. 7.13 (b). ITocko/IbKy OTPUIATEIbHBIE 3aPsIbl ILJIACTUHBI HAXOAATCS
OIMXKe K JUCKY MAasITHUKA, 9eM ee TOJIOKUTE/bHbIE 3apsi/ibl, MASTHUK ITPUTSTH-
Baercsd macTuHoil. To ecTh BiMsiHME OJIM3KO PACIIOJIOKEHHBIX OTPUNATETBHBIX
3aps/I0B HA JUCK OOJIbIIIE, U€M IIPOTUBOIOJIOZKHOE BJIASIHUE JAJIEKO PACIIOJIO-
2KEHHBIX ITOJIO?KUTEJIbHBIX 3aps/I0B.

Kak 6yner Buguo B Ilpmmoxkenuu B, 5TOT HOBBI BUJ NPUTSAXKEHUS OBLI
orkpbiT CtuBenom I'peem B 1729 romy, KTO MEPBBIM PACIO3HAJ €0 KAK UUCTO
JIEKTPUIECKOE siBJIEHNEe. XOTsI OH OTKPBLI 9TOT HOBBIA BUJI IPUTSAKEHUsI, OH HE
3HAJI O MOJISIPU3AINN [IPOBOJHUKA, U €r0 MHTEPIIPETAINs CBOMX COOCTBEHHBIX
9KCIIEPUMEHTOB OTJINYAeTCsl OT COBpeMeHHOI mHTepmperaruu. OOmenpuHsToi
CerojHsl MHTepIpeTanueil Mbl 00st3aHbI B OCHOBHOM DmnHycy. CyTh ee cocTouT B
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TOM, ITO XOTsI TPOBO/ISAINAS IJIACTHHA HE IMeeT CYMMAPHOI'0 3aPsi/a, OHA MOXKET
IPUTATUBATH JAPYroe HelTpaJsibHoe Tesio I, KOTOpoe paclosIoKeHO OJIM3KO K
OJIHOI M3 ee CTOPOH, IPU YCJIOBUHU, UTO ILIACTUHA IOJIIPU30BAHA 3aPSAKEHHBIM
TeJIoM I, PACHOJIOKEeHHBIM OJIM3KO K IIJIACTUHE C JIPYTOii ee CTOPOHBI.

dkcnepumenT 7.11

B sroM 3KcHepuMeHTe MBI CHOBA HCIIOJb3yeM TOHKWUN KapPTOHHBIN IIPSIMO-
YIOJBHUK U3 9KCHEPUMEHTa 7.6, 3JeKTPUIeCKUil MasTHUK U IIACTHKOBYIO CO-
JIOMKY.

MpsI TpeM COJIOMKY O BOJIOCHI M 3apsizKaeM OyMazKHBIH JUCK JIEKTPHIECKOI0
MasTHEKa 110 Metogy [TKO, kak omucano B pasgene 4.8. Ilpu npubianxkennn
HATEPTOH COJIOMKH K 3aps?KEHHOMY MasTHUKY HAOJIIOIACTCS OTTAJIKUBAHUE, KAK
YKa3bIBaeT HA 9TO OTKJIOHEHWE MasTHUKa OT BepTuKasu. C Jpyroit CTOPOHBHI,
KOI'J/Ia PACCTOSIHIE MEK/Iy HATEPTOH COJIOMKOI U OYMaKHBIM JTUCKOM MasiTHUKA,
6oJIbIIIe UM PABHO 15 CM, MAsTHUK OCTAETCs B BEPTHKAJILHOM ITOJIOXKEHUH. XOTsI
00a OHM 3apsi?KEHbI OTPUIATEJIBHO, CUJIa OTTAJKUBAHUS HA TAKOM DPACCTOSTHUN
CJIMIIKOM MaJia, ITO0BI MOZKHO OBLIO JIerKo 00HApyRuTh ee (Puc. 7.14 (a)).

- |
A A A A
(a) (b)

Puc. 7.14: (a) OrpuraresnbHo 3apsiKeHHAsI COJOMKA HE OKA3bIBAET 3aMETHOTO
BJIMSTHUA HA OTPUIATE/IHBHO 3aPIKEHHBI MASITHUK, KOTOPBII HAXOJIUTCS JIAJICKO
or uee. (b) Eciiu nomecTursh HEATPAIBHBIA IPIMOYTOJLHBIA IIPOBOIHUK MEXKILY
HUMW, BO3HUKAET OTTAJKHABAHUE.

+ o+ o+ o+

Teneps MBI IOJHOCUM HATEPTYIO COJIOMKY BEPTHKAJIBHO OJIM3KO K OJHOMY
KpPalo TOHKOI'O KaPpTOHHOT'O IPAMOYTOJIbHUKA, IIPEJOTBPAIas UX OT BCTYIJICHUS
B KOHTakT. B To#l Ke BepTHMKAJBHOI IIJIOCKOCTH, MBI pa3MeIlaeM BepTUKAaJIb-
HYIO HaTEPTYIO COJIOMKY, TOHKWI KapTOHHBII NPAMOYTOJBHUK U 3apPsSKCHHBII
MasgTHUK. [lepBoHAYAIBHO 3apsizKEeHHAsT COJIOMKA HAXOIUTCS BOJIM3U OIHOIO U3
BEPTUKAJIBHBIX KPaeB IIPAMOYT'OJIbHUKA, & MAATHAK — JIAJIEKO OT JIPYTOro Kpad.
Mpr Tenepb MeJIEHHO MTPpUbJINKaeM MasTHUK K IIPIMOYTOJIbHUKY. 3aMETHM, 9TO
MasTHAK OTTAJIKABAETCS OT IPAMOYTOJIbHUKA. DTO OTTAJKUBAHNE YBEININBAECT-
cs, KOTJIa Mbl YMEHBITIAEM PACCTOSHUE MeXKITy HuUMU. Koria paccTosHne MexK Ty
HATEPTOI COJIOMKON M BEPTUKAJIBHON IIPOEKIIME TOYKHU HOJBeCa IIEeJKOBON HU-
TU MagTHUKa PABHO 15 CM, HUTh 3aME€THO OTKJIOHHTCS OT BEPTHKAJU, TaK KakK
MaATHUK OTTAJKHUBAETCA OT IPAMOYTOJIbHUAKA, HAXOJAIIErOCA MKy COJIOMKOM
u masitaukoM (Puc. 7.14 (b)).
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Temepb MBI yaa/sieM TPSIMOYTOJIBHUK, COXPAHSIST HATEPTYIO COJTOMKY U MasIT-
HUK B HEIIOJIBUZKHOM OTHOCHUTEJIbHO 3€MJIM COCTOAHUU. pr{MOyFOJ’IbHI/IK C.He‘ZLyeT
VAAJIATh B TOPU3OHTAJILHOM HAIPABJIECHUM, IMEPIEHIUKYISIPHOM K €ro IIJIOCKO-
cru. Ilocie ynajlenust mpsiIMOYTOJIBHUKA, 3aMETHUM, UTO 3aPIKEHHBIN MasgTHUK
BO3BPAIAETCH B BEPTUKAJIBHOE IOJIOYKEHUE, U MASTHUK OCTAeTCAd HAa PaCCTOsI-
Hun 15 cM oT Hero.

OTOT 3KCIEPUMEHT SBJISIETCH €Ille OIHUM JI0KA3aTeJIbCTBOM IIOJISIPU3ALIUN
MIPOBOJIAIIEH TJIACTUHBI B IPUCYTCTBUU HATEPTON COJIOMKH.

OkcnepumenT 7.12

MoO2KHO IIPOBECTH IKCIIEPUMEHT, AHAJIOTUYIHBIH 9KcIIepuMenTy 7.11, ¢ ncnosb-
30BaHHEM TOHKON KAPTOHHOW IUIACTUHBI, KaK B JKCIEpUMeHTe 7.6, HaTepToi
IUTACTHKOBON COJIOMKH W Pa3Ps?KEHHOIO JIEKTPUIECKoro MagrHuKa. Hareprast
COJIOMK& PACIIOJIOIKEHA BEPTHKAJIBHO, PAJIOM C OHAM KDPAEeM ILJIACTHHBI (JIEBBI,
HAIIPUMED ), & 3apsI’KEHHBI MAgTHUK — JAJIEKO OT IUIACTUHBI, HO B TOH Ke Bep-
tukaabHOH wiockocru (Puc. 7.15 (a)).

+ o+ o+
1

+ o+ 4+

als & A )

+ o+ o+ o+
I

alls A
(©) (d)

Puc. 7.15: (a) IIpoBojsmast maacTuHa PsAJOM ¢ 3apsizKeHHOM costoMmKoii. (b) Ilo-
YTH HEHTPAIbHBI MAATHUK TpUTsTUBaercs miactuHoi. (¢) ITocie xoHTakTa,
MasTHUK oTTankupaercst or wactunbl. (d) Ilpm yjnaseHun miacTuHbl, OTpH-
LATEJIbHBIA MasTHUK BUCUT BEPTUKAJIbHO, TaK KaK OH HAaXOIUTCA JAJIEKO OT
OTPULATEJILHONA COJIOMKU.

Mpr Teniepb MeJIEHHO TPUOJIMKAEM MasITHUK K JIEBOMY KPalo MIacTUHbI. Ha
HEKOTOPOM PaCCTOSIHUU OT ILJIACTUHBI, MbI BUJIUM, 9TO OyMayKHBIN JIMCK MasiT-

HUKa IPUTSTUBAETCs IIACTUHOMN, KakK IokasaHo Ha Puc. 7.15 (b).
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Korma 3apsiykennast cOJloMKa IOJHOCUTCH €llle OJinKe K JIEBOMY KPAalo ILIa-
CTHUHDBI, JUCK KaCaeTCd IJIACTUHBI 1 Ha4YUHaeT OTTAaJIKUBATHCA OT Hee COIJIaCHO
mexanuzmy ITKO. Barem mbl mpuxoauMm K curyamuu, aHajorudsoit Puc. 7.14,
Kak 1okasano na Puc. 7.15 (¢).

[Ipu ymanerun miacTUHBI, MAATHUK BO3BPAIIAETCS B BEPTUKAJIHHOE IOJIO-
xkeuue (Puc. 7.15 (d)). Ilpu npubsnzkenun HATepTON COJIOMKH K MAasiTHUKY,
TOSIBJISIETCST OTTAJKMBAHNE. DTO O3HAYAET, 4TO 00a Tesa (COJOMKA U MASTHUK )
JIEKTPU30BAHBI 3aPsIaAMU OJIHOTO 3HAKA.

dkcnepumenT 7.13

OrblT, aHAJIOrUYHBIH SKcIepuMeHTy 7.12 mpejroaraer MOgHECEHNE TEPBO-
HAYaJbHO PA3PSKEHHOTO IJIEKTPUIECKOTO MASTHUKA OJIM3KO K OIHOMY Kparo
pa3psKEeHHON TPOBOJSINEN IJIACTHHBI, HE IPUKAcasich K Heit. MagaTHuk ocra-
eTCsl B BEPTUKAJBHOM IoJIo2keHuu. MBI Teneps MeJIEHHO ITOIHOCHM HATEPTYIO
BEPTHUKAJIBHYIO COJIOMKY OJIM3KO K JPYromy Kpato miuactuabl. Ha ompenesren-
HOM PACCTOSIHUM, MadATHUK HauWHaeT HPUTATUBATBHCS IJIACTUHOI, KacaeTcs ee,
a 3aTeM OTTaJKuBaeTca oT Hee. Mbl Tenepsb ynasasem rractuny. [Ipu momaece-
HIW 3aPsi?’KEHHON COJIOMKU OJIN3KO K MAATHUKY, MMOSBJISETCA OTTAJIKIBAHIE. JTO
O3HaYaeT, YTO OHU MMEIOT 3aps/ibl OJHOI'0 3HAKA.

7.5 UWcnoab3oBanue 3ddekTa mojaapu3anuu JIJis
3apsaJK1 IJIEKTPOCKOIIA

Ms1 y2ke BUzed, KaK MOXKHO 3apsi/IATh TeJIO IOJIOKUTEJHbHO WA OTPUIATE b
HO 4epe3 TpeHue. Kpome TOro, Mbl y»Ke 3HaeM, KaK C IIOMOIIBI0 MEXaHU3Ma,
ITKO MOXHO 37IeKTPU30BATh ITPOBOIHUK 3aPsI0M TOTO YK€ 3HAKA, 9TO U IPE-
BApPUTEJIBHO HATEPTOE Tej0. Tenepb MbI UCHOJIB3yeM IPDEKT ITEKTPUIECKOI
[IOJISTPU3AIUU IIPOBOJHIUKOB U TOT (DAKT, YTO 3apsijibl CBODOIHO MEPEMEIAIOTCS
10 UX IIOBEPXHOCTSIM, KaK TPETUIl MEXaHU3M 3JIEKTPUBAIINAN.

Onpenenenusi: Creflyst onpejiesieHUsIM pasjena 7.3, MEeXaHU3Mbl 3apsiil-
KW, OIUCAHHBIE B 9TOM Pa3/IeJie, HA3bIBAIOTCS IAEKMPuU3ayuet wepe3 uHIyKuulo,
3apAdKot nocpedecmeom UHOYKUUL, 3APAHCEHUEM NO UHOYKUUL, IACKIMPUSAUUS
BAUAHUEM, 3aPAIKOT BAUAHUEM, WA 3APAHCEHUEM YEPES BAUAHUE.

7.5.1 IlepBas cxema 3JjeKTpU3alUN M0 UWHAYKITAU

DkcnepumeHT 7.14

CravaJia HaJI0 IPUTOTOBUTH JIBA JIEKTPOCKOIA C TOHKUMU KAPTOHHBIMHE ITPsi-
MoyroJibHuKaMu paszmepom 10 Ha 7 M, A u B, Kak 5T0 ObLIO OMHMCAHO B Pa3iesie
6.1. JluHEBIE CTOPOHBI OYAYT PACIIOJIOXKEHBI 10 BepTukasn. Ilosocka manupoc-
HOIl OyMaru NpuKpervieHa K BEPXHell YacTH KarXKJI0ro JIEKTPOCKOIA B CEPE/INHE.
DTH JiBa 3JIEKTPOCKOIIa pa3MeIleHbl 60K 0 OOK B OJHOI BepTUKAJIBHON IJIOCKO-
crH, a GJIMPKHUE CTOPOHBI COPUKACAIOTCS, KaK IoKasaHo Ha Puc. 7.16 (a). Mbt
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pa3psKaeM UX, IPUKOCHYBIINCH K HUM HaJsibiiaMu. 1losiocku ocraiores B BepTH-
KaJIBHOM IIOJIO?KE€HUU. MbI TpeM IIJIAaCTUKOBYIO COJIOMKY O BOJIOCHI TakK, “ITO6I)I
OHA IOJIYYMJIa XOPOIILYIO JI03Y JIEKTPUIECKOTO 3apsijia, B 4eM MOXKHO yOeuThCst
C IIOMOIIBIO TECTA CO CTEHKOM, Kak B IKcIepuMenTe 3.6. Dra HATEPTasi COTOMKA
KPENnTCsS BEPTUKAJILHO Ha MOJIXOJIAIIEN TO/ICTaBKe, M TEPBOHAYATIBLHO HAXOIUT-
CsI TaJIeEKO OT 3JIEKTPOCKOIIOB.

o [

(b) !

(d

Puc. 7.16: IlepBas cxema 3apsi/IKu 10 MHIYKITHH.

MpbI MeJIJTEHHO TTOHOCUM 3Ty HATEPTYIO COJIOMKY BOJU3KO K CBOOOIHOM Bep-
THKAJILHOI KPOMKE 3JieKTpocKorna A, n3berast koutakra. OHa JIOJZKHA OCTABATD-
csT HEJIATIEKO OT ITOTO Kpasi, C JEKTPOCKONIOM A MeXKy Hell M 3JIeKTPOCKOIIOM
B. Tlojlocku TOAHUMAIOTCS, YKA3bIBAas HA TO, YTO KAXKJIBIH 3JIEKTPOCKOI 3apsi-
JIIIICS, Kak Toka3aHo Ha Puc. 7.16 (b).

ViepKuBasi HATEPTYIO COJIOMKY PsIJIOM CO CBODOJIHBIM KPAEM JIEKTPOCKOIIA
A, MbI yrasisiem aj1ekTpockon B ot siekrpockona A. IIpu 5ToM MOXKHO Tporath
ILUTACTUKOBYIO COJIOMKY U OIIOPY JIEKTPOCKOINA B, HO HeJb3s TPOraTh KapTOH
¥ TIOJIOCKY 9TOTO 3JIeKTpocKomna. Mbr Hab/II0maeM, ITO TOJOCKHA 000UX IJIEKTPO-
CKOIIOB OCTAIOTCsI B MOMHATOM COCTOSTHUY, KaK MOKa3aHo Ha Puc. 7.16 (c).

ITocne sToit poITE Y PHI, MBI YOMPaEM HATEPTYIO COJIOMKY IOAJBIIE OT 000-
WX JIEKTPOCKOIIOB. 3aMETHM, 9TO JIBE MOJIOCKU OCTAIOTCS TMOJHATHIMUA, KAK 10~
KazaHo Ha Puc. 7.16 (d), yKasbIBasi, 9TO 3JIEKTPOCKOIIBI 3aPSIIKEHBL.

Tenepb MBI JEp:KUM HATEPTYIO COJIOMKY TOPHU30HTAJILHO HA TOH YK€ BBICOTE,
9TO U HUKHHE KOHIIBI TIOJIHSITHIX TIOJIOCOK 3JIEKTPOCKONOB. Koraa Mbl mmoiHOCHM
TOPU30HTAJIBHOTO HATEPTYIO COJIOMKY OJIM3KO K IOJIOCKE 3JIEKTPOCKONa B, He
JIOIyCKasl KOHTaKTa, Mbl HAOJIIO/IAEM OTTAJIKABAHME IIOJIOCHL. 1O eCcTh I0JIOCKa
OTXOJIUT OT HATEPTOI COJIOMKHU B CTOPOHY ILIACTHHBI 3JIEKTPOCKONa B. DTO 110-
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Ka3bIBaeT, YTO 3TO IJEKTPOCKOIl JIEKTPU30BAJICA 3aPAIOM TOrO Ke 3HaKa, UTO
U HaTepTas COJIOMKA.

Korma narepras costoMka MeIJIEHHO TPUOJIMAKAETCH K ITOJIOCKE SJIEKTPOCKOIIA
A, He TpHUXOJS B KOHTAKT C Heil, BOZHUKAET NpUTsKeHne. 1o ecTh IOJ0CKa
JIEKTPOCKOIIA, [TEPEMEIAETCs OT KaApPTOHA B CTOPOHY COJIOMKH. DTO O3HAUAET,
YTO 3TOT JICKTPOCKOII IOJIYUYUI 3apdAl, IPOTUBOMIOJIOXKHBIA II0 3HAKY 3apsily
HaATEPTON COJIOMKHU.

Tenepb MBI yOHUpaeM HATEPTYIO COJIOMKY. 3aTeM pa3MernaeM 06a 3J1eKTPOCKO-
11a B IIaPaJIIeJIbHBIX IIJIOCKOCTAX, JIUIIOM K JIUILY, C UX IIOJIOCKAMU, YKa3bIBAIOIIIU-
Mu ApyTr Ha apyra. [lpu cOnmkeHnn 3TMX ABYX 3JIEKTPOCKOIIOB, Oe3 KOHTAKTa,
MEXKJIy JBYyMsl IOJIOCKAME, MOXKHO 3aMETHTh UX B3aHMMHOE MPUTSKEHUE. DTO
ele pa3 MOKa3bIBAeT, YTO OHU 3apAZKEeHbI 3apsAlaMi IIPOTUBOIIOJIOZKHOIO 3HAKA

(Puc. 7.17).

(a)

(b)

Puc. 7.17: IBa 3/1eKTpOCKOITa, HAIJIEKTPU30BAHHBIE WHIYKITNEH, TTOJIYIalOT 3a-
PsJIBI TPOTUBOTIOJIOKHOTO 3HAKA.

DTOT IKCIHEPUMEHT JIAeT JOMOJHUTETHHOE JIOKA3ATETHCTBO JJIEKTPUIECKOM
[OJISTPU3AIUU [TPOBOJHUKOB. B 510it cxeme sjiekTpockonbl A u B, KoTopbie mep-
BOHAYAJIbHO KAaCAJIMCh JAPYT JPyra, Beau cebs Kak euHblil mpoBogHuK. Korma
MBI IPUOJIU3UIIN HATEPTYIO COJIOMKY K 9JIEKTPOCKOITY A, 3TOT 3JIEKTPOCKOII JIEK-
TPHU30BAJICA 3aPsI0M IIPOTUBOIIOJIOKHOTO 3HAKA, 8 IJIEKTPOCKOI B — 3apsaiom
TOrO K€ 3HAKA, YTO U coJIoMKa. Korja Mbl yaauimim 3JeKTPocKol B, oH coxpa-
HUJI ¢BOit 3apsij1.To 2Ke caMoe ITPOU30IILIO € AJIEKTPOCKOIIOM A TIpH y/ajeHeHuN
COJIOMKH.

DTOT IKCIIEPUMEHT TIOKa3bIBaeT TAKKE coXpaHeHue 3apsija. [Ipuanna cocro-
HUT B TOM, UTO IJIEKTPOCKOITHI OBLIN IIEPBOHAYAIBHO pa3psizKeHbl. B xojie sKkcre-
PUMEHTOB OHU OBLIM HU30JIMPOBAHBI OT 3€MJIM, U Mbl UX HE TPOTAJM HATEPTOM
cosiomkoit. [locste Toro Kak OHU OBLIM JIEKTPU3OBAHDBI, OMWH U3 HUX IIOJIYIUJ
MTOJIOYKUTELHBIH 3apsijl, a APYTroil — OTPUIATEIHHBIN 3apsl. DTOT IKCIEPUMEHT
TaKKe [TOKA3BIBAET, YTO IJIEKTPUIECKHUE 3aPs/IbI MOTYT CBODOIHO IIEPEMENIAThCs
[0 ITOBEPXHOCTHU IIPOBOIHUKOB. DTO TaKKe [MOKA3BbIBAET, YTO MBI MOXKEM IIPO-
CTPAHCTBEHHO PAa3JeJIUTh IIOJIOKUTEJIbHBIE U OTPHUIATeIbHbIE 3aps/ibl, HaKall-
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JIMBasd UX Ha OTHAEJIbHBIX JIEKTPOCKOIIaX.

7.5.2 Bropas cxema 3JIeKTpU3AIUU MO WH/TYKITUN

DkcnepumeHT 7.15

OrnumeM Tenepb BTOPYIO CXeMY JIEKTPHU3aIuu 1o uHykiuu. [Tosoca Ha miep-
BOHAYAJIBHO Pa3pPs?KEHHOM 3JIEKTPOCKOIIE BUCUT BEPTUKAJBHO BHM3. MBI TIna-
TEeJIbHO TPEM ILIACTUKOBYIO COJIOMHHKY O BOJIOCBHI, YTOOBI OHA ITOJIYYHIa XOPO-
IIyI0 103y 3apsiia, KaK B 9KcrepuMenTe 3.6. DTa HaTepTas COJIOMKA 3aKPEILIeHa,
BEPTUKAIBLHO Ha MOIXOISINEH MOICTaBKe, BAAIN OT JEKTPOCKOIIA.

MpbI MeIEHHO TOHOCUM HATEPTYIO COJIOMKY K OJHOMY KPAIO 3JIEKTPOCKOTIA,
peaoTBpalasg KOHTAKT. Kro mosioca MOIHMMAETCS W OCTAETCS B 9TOM COCTOSI-
HUU.

CoxpaHsist HATepPTYIO COJIOMKH BOJTU3U Kpast 9JIEKTPOCKOTIIA, MBI TPOTAeM JIPy-
roit kpait mambiem. Ilomoca magaeT u OCTAeTCA B 9TOM BUCSIIEM ITOJIOKEHUM.

CoxpaHsist HATEPTYIO COJJIOMKHU BOJIU3M Kpasi 3JIEKTPOCKOIA, Mbl yOMpaeM I1a-
Jiert, ¢ apyroro Kpag. [losioca mpoao/mKaeT BUCETh BEPTUKAILHO BHUS.

Termepp MBI ysiajseM HATEPTYIO COJIOMKY JIaJieKo OT 3jeKTpockona. [locie
3TOrO MOJIOCKA IOSHUMAETCSI U OCTAeTCS B 9TOM cocTogHuu! DTo 03HAYAET, ITO
TAKUM 00Pa30M MBI 3aPSIIAIN JIEKTPOCKOIL.

OTHU 14AThH IAroB MoKa3aHbl Ha Puc. 7.18.

(a) (b) (c) (d) (e)
Puc. 7.18: Bropas cxema [isi 3apsIKy 3JIEKTPOCKOIA 10 MHLYKITHH.

HaTEepTyIO0 COJIOMKY MbI Tellepb IIOMeIlllaeM I'OPpHU30OHTaJIbHO Ha TOHN K€ BbI-
cOTe, 9TO U HIDKHUI KOHEI IIOIHSIBIIENCs MOJOCKU. Mbl MEJJIEHHO ITOIHOCHM
ee K TOH ToJioce, MPeJOTBPAINas KOHTAKT. 3aMETHUM, 9TO OHU IPUTSITHBAIOT
IPYT IpyTra; MOJIOCKA OTTAJKABAETCS OT KAPTOHA JIEKTPOCKOIIA U TAHETCS K CO-
somke. [Tepemerriasi BBepx HATEPTYIO COJIOMKY, MOYKHO JIayKe BBI3BATH IO/IHSITHE
cBOGOIHOIO KOHI[A [IOJIOCKH BBIIIIE BEPXHEro Kpas sjeKrpockona (Puc. 7.19).

DTO 03HAYAET, 9TO FJIEKTPOCKOII ITOJIYIUI OT HATEPTON COIOMKH 3aPSiI] IIPO-
THBOIIOJIO’KHOTO 3HAKA.

MBI MOXKEM OIUCATH TO, YTO IIPOU3OIIIIO, C IIOMOIIBIO IPEIBLIYIINX PE3YIib-
tatoB. Korja HATEPTYIO COJIOMKY IMOMECTHJIN PSJIOM C 3JIEKTPOCKOIIOM, IIPO-
M30IIJIa, SJIEKTPUIECKasl MOJIsIpu3anus djaeKTpockomna. Kpait, 6iin3ko pacosio-
JKEHHBI K COJIOMKE, 3JIEKTPU30BAJICS 3aPsiJIOM IIPOTUBOIIOJIOXKHOIO 3HAKA, B TO
BpeMsl KaK IIPOTUBOIIOJIOXKHBIN Kpail 3JIEKTPU30BaJjICs 3apsiOM TOrO K€ 3HaKa,
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A
Puc. 7.19: OrpuniaresibHO 3apsizKeHHAST COJIOMKA TPUTATUBAET MTOJIOCKY JIEKTPO-
ckomna Ha Puc. 7.18 nocse sxkcuepumenTa.

9TO U COJIOMKa. Koriaa MBI KOCHYJIUCH IIPOTUBOIIOJIOXKHBIN Kpaii 9JIEKTPOCKOIIA,
MBI Pa3PSIMINA SJIEKTPUIECTBO, KOTOPOe OBLIO HAKOILJIEHO Ha 9Toit cropone. [lo-
CKOJIbKY HaTepTasl COJIOMKA OCTaBaJIaCh BOJIM3U IIEPBOIO Kpasi, 3apsiibl Ha, 3TOM
CTOPOHE COXPAHUJIUCH OJIATOMSAPS WX B3ANMHOMY HPUTSKEHU0. 1o ecTh OHE He
Pas3psSAnINCh B pe3y/IbTaTe MPUKOCHOBEHMS MAJIBIEM JPYyroro Kpast. Korma Mbl
VAN TaJIel] CO BTOPOIO Kpasl, 9TO He IOBJIUSIIO Ha 3apsijbl Ha JIPYTroil CcTo-
pone. Hakonerr, Mbl yOpaJiu 3apsizZKeHHYIO COJIOMKY, TIOCJIE Yero 3apsiibl, KOTOPHIE
OBLIM COCPEIOTOYEHBI Ha ITEPBOM KPal0, PACIPEIEIUIUCE 110 BCEMY 3JIEKTPOCKO-
my. DTO IPUBEJIO K MTOJHATHIO MOJIOCKU. JTO PaCIpeiesieHre 3apsijioB IOKA3AHO
"a Puc. 7.20.

(a) (b) (©) (d) (e)

Puc. 7.20: Pacupenenenne 3apsanos na Puc. 7.18.

DTOT IKCIEPUMEHT JIEMOHCTPUPYET 3D DEKT, 0OPATHBIH TOMY, UTO MBI BHJIE-
JI B 9KcllepuMeHTax 6.2 1 6.5, T/1e, KOra MBI 3apsi/IUIN SJIEKTPOCKOII TPEHUEM
WJIN Yepe3 KOHTAKT, OH IIpUoOpeJT 3apsj] TOTO ¥Ke 3HaKa, YTO U TeJIO, C IIOMOIIBIO
KOTOPOTO TTPOU3BOJIMIACH JIEKTPU3AIUs. B 9TOM Ke IKCIIEPUMEHTE, JIEKTPO-
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CKOII IIPHOOPEJT 3apsijl, IPOTUBOIIOJIOXKHBII 110 3HAKY 3apsi/ly HATEPTOrO TeJia,
KOTOPOE OBLIIO TIOMEIEHO PSIIOM C HUM.

B nanHOM ciiydae KapTOHHas IIJIACTHHA 3JIEKTPOCKONA ObLIa M3HAYAJIBHO B
HEHTPAILHOM COCTOSHAN. B KOHIE mporiecca oHa ObLiIa, 3jieKTpu3oBaHa. st Bbi-
ACHEHUA CTEIEHU JIEKTPHUIAINN JIEKTPOCKOIIA, MbI UCIIOJIB30BAJIA CJIETYIONIYIO
cxemy. CriepBa MbI MOJISIPH30BAJIN 3JIEKTPOCKOI B MPHUCYTCTBUUA 3aPSXKEHHOTO
TeJa, 3a3eMJINJIA CBODOIHBIN KOHEIT 3JIEKTPOCKOIIa, yOpasIu 3a3eMJIeHUe U, HAKO-
HEIl, yIaJIIA HATePTOe Tes0. 3a3eMieHne ObLI0 HEOOXOIMMO JIisi HeHTpaIn3a-
WU 3apsijia, KOTOPBIA HAKOIMJICS HA CBOOOIHOM KOHIIE ITPOBOJHUKA BCJIEICTBUE
nosisipu3anuu. B KOHETHOM UTOTe 3JIEKTPOCKOI JIEKTprU30BaJjicd. B aToMm caydae,
MMEHHO 3a3eMJICHHE 3JIEKTPOCKOIA TIPUBEJIO K e€ro 3jieKTpusaruu! 9To moKa3bl-
BAeT, YTO 3a3eMJIEHIE He BCET Ia PA3Ps2KAET TeJI0, KaK 9TO ObLIO B IKCIIEPUMEHTE
4.9.

7.5.3 Tperbsa cxeMma 3jIeKTpU3alUN IO UHAYKIAN

OKcriepuMeHT 7.16

OxkcrepuMeHT 7.15 MOXKHO MPOBECTHU IIO-JIPYTOMY C HCIIOJIb30BAHUEM BHOBH
astekTpockona. CHavdaa Mbl 3a3eMJIsIeM OJIMH Kpail 9JIEKTPOCKOIIA, IPUKOCHYB-
MIUCh K HEMY MAJIBIIEM, WJIA TOCPEJICTBOM TOJKI/IIOUEHHS €ro K 3eMJjIe KYyCOIKOM
METAJJINIECKON MPOBOJIOKU. B MOMEHT 3a3eMJIeHusI, MBI TIOJITHOCUM HATEPTYIO CO-
JIOMKY K JIDYIOMY KPa0 3JIEKTPOCKOIIa, HE IIPUKacasiCh K HeMy. B TOT MOMEHT,
KOTJIa HaTePTasl COJIOMKA HaXOJUTCsT OJIM3KO KO BTOPOMY KPAa0, MbI YIAJISIEM 3a-
3eMJIEHUE C IIEPBOT0 Kpast. 3aTeM Mbl yOUpaeM HATEPTYIO COJIOMKY U 3aMedaeM,
9TO B KOHIIE IIPOIECCA IJIEKTPOCKOI 3aPSAMIICS, KAK 9TO BUMHO II0 MTOMHATHIO
nonocku (Puc. 7.21). IlporecrupoBaB npuoOpeTeHHbI 9JIEKTPOCKOIOM 3apsiI,
MBI yOeXKIaeMCsl, 9TO OH IIPOTHBOIOJIOYKEH TI0 3HAKY 3apsIy Ha COJIOMKE.

Q 0

(a) (b) (c) (d)

Puc. 7.21: Tperbs cxeMa WHIYKIIMOHHON 3apSIIKU JEKTPOCKOTIIA.

Pacripesiesierne 3apsijioB B 3TOM 3KCIIEpUMeHTe MoKa3aHo Ha Puc. 7.22.
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Q

(a) (b) (©) (d)

Puc. 7.22: Pacnpenenenne 3apsiios Ha Puc. 7.21.

7.6 DiekTpuydeckas MOJIIPU3AINs N30JIATOPOB

Tenepb MBI PACCMOTPUM JIPYTHE PA3TUYUS MEXKIY ITPOBOJHUKAMU U H30JIATO-
pamu.

OKkcriepuMeHTt 7.17

Mpbr noBTOpsieM 3KcriepuMeHT 7.11 ¢ HEATpaIbLHONU MEHOIIACTOBOM ILIACTH-
HOit pazmepom 10 Ha 7 cM, BMeCTO TOHKOH KapTOHHO# miacTuHbl. llenommact
ABJISIETCS TUIJIEKTPUKOM, B TO BpeMs KaK KapTOH SIBJASETCS MPOBOJIHUKOM. MbI
HaTUpaeM IJIACTUKOBYIO COJIOMHHKY O BOJIOCHI U 3apszKaeM MasgTHUK II0 METOLY
ITKO, KoTOpBIit IOJIydaeT B pe3yJsibTaTe OTPHUIATEIHHBIN 3apsiI.

Kora HaTeprast coJloMKa HaXOUTCsI Ha, PACCTOSTHIM, OOJIBIIEM HJIM PABHOM
15 cM OT 3apsi?KEHHOTO MasTHHUKA, IEJKOBas HUTH OCTAETCS B BEPTUKAJIHLHOM
nojokeann. OTTATKUBAHUE MEXKJy HUMH CJIAIIKOM MAaJjO, YTOOBI MOYKHO OBI-
J10 ero obHapy)uTh. C IpPyro#l CTOPOHBI, KOTJIa 3TO PACCTOSIHEE PaBHO 15 cM,
1 KOIJIa IIEHOIIACTOBasd IJIACTHUHA IIOMENIaeTcs MexKJy HaTepTOl COJIOMKOHN
MasgTHUKOM, BUJIHO, YTO 3aPSKEHHBIN MasiTHUK OTTAJKHUBAETCH OT IJIACTHHBI.

DTO OTTAJIKMBAHUE HE MOXKET OBITh CBS3aHO HEIOCPEICTBEHHO C HATEPTOMH
COJIOMKOHM, TaK KaK OHA HAXOIUTCS JAJIEKO OT MasTHuka. CjieoBaTelbHO, OT-
TAJKUBAHUE BBI3BAHO MOJIIpU3aliei mexommacra. To ecTb OJMKHII K HATEPTOIT
COJIOMKe Kpail IIeHOIJIacTa CTAHOBUTCS IIOJIOZKUTEJILHO 3aPI2KEHHBIM, B TO BPEMSI
KaK JIaJIbHBINA Kpail CTAHOBUTCS OTPUIATE/IFHO 3aPsizKEHHBIM. DTa [TOJISTPU3AIUS
IPOSIBJIAETCA B OTTAJIKABAHUN OTPUIATEJIBHO 3aPSA>KEeHHOIO MasgTHUKA, KOTJa OH
HaXOJINTCs HA paccTosuuu 6osee 15 cM OT HATEPTON COJIOMKH.

Okcnepument 7.18

MLI cTpoUM Telepb NAGCMuUKosut srekmpuieckuti MAAMHUK, AIA KOPOTKO
tacTukoBblil Magrauk (Puc. 7.23).

B 06LIYHOM 3JIEKTPHYECKOM MasdTHUKE U3 pasfesa 4.4, Ha HUKHEM KOHIE
HIEJIKOBOI HUTH NPUKpeIlIeH 6yMayKHbIi auc. ByMmara siBjiseTcs MpoBOIHIKOM.
B 11aCTHKOBOM 3JIEKTPUYECKOM MasATHUKE MBI 3aMeHsieM OyMarKHBII JUCK U30-
JIITOPOM.
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LesikoBaAa HUTb

NAACTUKOBbIM AUNCK

Puc. 7.23: I1i1acTUKOBBIN 37IEKTPUIECKUIT MASATHUK.

ILnacTuku, Kak mMpaBuiIo, BeIyT cebsd Kak n3oasaTopbl. Ho HEKOTOpbIE U3 HIX
BeyT cebsi KAK ITPOBOJHUKU. JTO MOXKET OBITH CBSI3aHO C BJIAYKHOCTBIO, HAKOII-
JIHHOM 38 WX IMOBEPXHOCTH, WIN C UX XUMUIECKIM cocTaBoM. IlosaTomy, mpex e
BCEro CJIeAyeT IoJ00paTh TAKOH IJIACTUKOBBIM IAKET, KOTOPBIT He paspska-
€T JIEKTPU30BAHHBIN 3JIEKTPOCKOI, KOT/Ia MBI 9THUM IIJIACTUKOM, JIEPXKa €ro B
HaIllMX PYKaX, TPOraeM BEPXHUU Kpail TOHKOIO KapTOHA. DTOT U30JIUPYIONIUi
IUTACTUK MbI U OYJEM WCIIOIB30BATH JIJIsl ITPUTOTOBJIEHUS JIEKTPUIECKOTO Ma-
ATHUKA.

MasITHUK CTPOUTCSI CJIEYIOIMUM 00pa3oM. BripesaeM JIMCK W3 TOHKOTO ILIa-
CTUKOBOI'O TakeTa jmamMerpoMm B 1 mim 2 cM. /lesaeM orBepcTHe B JIUCKE C IIO-
MOIIBIO UTJIBI U NIPUBA3BIBAEM €r0O K IIEeJKOBOU MM HEUJIOHOBOIT HUTH.

Ilepen HawaIOM KCIEPUMEHTA BaXKHO YOETUTHCHA, ITO TJIACTUKOBBINH MasiT-
HUK JIEHCTBUTEIBHO SIBJSETCSI HeUTpaabHBIM. MBI MogHOCHM TTAJIEl K JTUCKY Ma-
ATHUKA U HAOJIIOIATDH 3 €ro MoBeAeHneM ECin mIacTUKOBBIN OCTaeTCsT B TTIOKOE,
MBI 3aKJI09aeM, 9TO OH HeliTpaseH. Kcam maacTUKOBBINR JUCK MPUTATUBAETCS
TMasbIeM, sICHO, YTO OH 3apsizKeH. MbI Torga oTOpachiBaeM 3TOT 3apsyKeHHBII
MasgTHUK U CTPOUM HOBBIIl HEHTPAJIbHBIIA MasiTHUK. JacTo ILJIACTUKOBBINA MasiT-
HUK MOKET IMOJIYYIUTDH 3aps] B MPOIECCe MPUTOTOBJIEHUS, KOTJIa MbI BBIPE3acM
JVCK W TPUBSA3BIBAEM K HEMY HHUTD.

Mpb1 HaTHpaeM ILIACTUKOBYIO COJIOMHHKY O BOJIOCHI U IIOJHOCUM ee OJIU3KO K
HEHTPATbHOMY TJIACTUKOBOMY MagTHUKY. [[JTaCTUKOBBIN IUCK IPUTATHBAECTCI K
HarepToit cosjomke. Ho 9T0 mpuTsaKeHne 3HaAYATEIHHO MEHBINE, IeM aHAJTOTHI-
HOE TIPUTSKEHNE MEXKIy HATEPTON COJJOMKON M OYyMarKHBIM JUCKOM OOBITHOTO
JIEKTPUYIECKOTO MasgTHUKA. Ha 3Ty cuiy yKas3bBaeT yros HaKJ/IOHA JTUCKA OT-
HOCHTEJIbHO BEPTUKAJIN, KOIJa HATepTasl COJIOMKA HAXOIUTCHA Ha OJMHAKOBOM
PACCTOSTHUU OT 0OOUX MASITHUKOB.

Ecan mo3BomuTh HATEPTON COTOMKE U ILJIACTUKOBOMY JIUCKY ILJIACTHKOBOTO
MasITHUKA COIPUKOCHYTbCsI, OHU NPUJIUIHYT JPYT K JApyry. 1o ecThb sBjeHue
ITIKO, ontucannoe B 3xcriepumente 4.10 u B pazese 4.8, He HaOJIOIAETCs C ILIa-
CTUKOBBIM MasgsTHUKOM. DeHOMEH B BHUJIE ITPUBJICYEHHSI, KOHTAKTa, U OTTAJIKIBA~
HUS OOBITHO MMEET MECTO TOJIHLKO JjIsi TPOBOIHIKA. KOrma MpuTIruBaeMoe Tejo
SABJIAETCS HEWTPAJIbHBIM H30JIATOPOM, OH MOYXKET BOMTH B KOHTAKT C IPUTATHU-
BaIOIIMM TeJIOM 0e3 IOCJIeYIOIero orrajkuBaercs or Hero. Mexanusm [TKO
cpabaThIBaeT JJIsT M30JISITOPA TOJBKO IOCIE HECKOIBKIX KOHTAKTOB C HATEPTHIM
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TEJIOM, UJIU KOTJIa MBI I[aparaeM HATEPTHIM TeJIOM IO U30JISITOPY.

OTO OJIHO U3 BaXKHBIX PA3JIMYAN MEXKJy HMPOBOJHUKAMHU U HU30JISITOPAMU.
YT0o0bl 3apsiUTh U30JIATOP BPOJIE IJIACTUKA, €r0 HY»KHO HATEPeTh KaK B IKC-
nepumenTe 2.1. I[IpoBomHUK, ¢ JAPyroil CTOPOHBI, MOYXKHO 3apsiIUTh HE TOJIBKO
3a CYeT TPeHHs, Kak ObLIO TOKA3aHO B 3IKcmepuMeHTax 6.2 m 6.24, HO TakKe
¢ nomoripio Mexanuzma ACR. B aToM cityuae KOHTAKT MEXKJIy TPOBOJIHUKOM
U TPEIBAPUTEIHHO 3aPSIKEHHBIM TEJIOM OOBIMHO JIOCTATOYEH JJIsI TOrO, YTOOBI
YacTh 3apsi/ia IePelia OT 3aPsAKEHHOI0 TeJia K IIPOBOJHUKY.

OKcriepuMeHT 7.19

MBI OBTOpSIEM SKCIIEPUMEHT 7.3 C HEATPAJIbHBIM JUCKOM U3 TBEPJOTO ILIa-
CTHKA UJIU TIEHOIIOJUCTUPOJIA, BMECTO TOHKOT'O KapTOHHOrO jucka. Ha sToT pa3
MBI BUJUM, YTO HU OJIHA U3 MPOBEPOYHBIX IJIOCKOCTeH KyoHna He Ha3JIeKTPU30-
BaJIACh.

OpHako, MBI BHZEJN B dKcIepuMeHTe 7.17, 9TO B IPUCYTCTBUH HATEPTOMN
COJIOMKU TIEHOTIOJTUCTHPOJI JIEKTPUIECKHU TOJISIPUBYETCA. DTO MTOKA3BIBAET, UTO
TIOJIIPU3AIUS B U30JIATOPE OTIINIAETCS OT IOJIAPU3AIUN B ITPOBOTHIUKE.

7.7 Kakoit MaTepuaJl IpUTITUBAETCs CUJIbHEE 3a-
PsI>KEHHBIM T€JIOM — HPOBOJHUK WJIN N30JIs-
TOop?

B sToMm pasmeste mMbl 06cynuM mHTEpECHBIH Bompoc. CHavaa Mbl 3JIEKTPU3YEM
IJIACTUKOBYIO COJIOMUHKY TPEHUEM O BOJIOCHL. MBI pa3MeIaeM Ha CTOJIe MaJI€Hb-
KU JIETKUIT IPOBOMHUK N MaJICHBKUU JITKHUIT M30JIATOP HA HEKOTOPOM yHaJe-
HUAU JAPYT oT apyra. [logoxum, IPOBOAHUK U U30/IATOD UMEIOT OJMHAKOBBIE BEC
u pasMep. Ecnu nogHecTn HATEPTYIO COJIOMKY OJIM3KO K IIPOBOJIHUKY U HU30JIsd-
TOpY, KOTOPBIil n3 HUX OyleT npursaruBaThbcsi cuabaee? To ecTh, Kakoi U3 HUX
OyJIeT UCHBITHIBATH OOJIBIIYIO CUJLY BO3IEUCTBHUS CO CTOPOHBI 3JIEKTPU30BAHOMN
COJIOMKH?

B skcnepumenTax 2.3 u 2.4 MbI BUI/IN, ITO HATEPTHIA JIACTUK IIPUTATUBAET
[IPOBOJISAIIEe BelecTBO (Kak Gymara ¥ MeTaJul, HAIIpUMEp) CUJIbHee, YeM U30JIU-
pYyIOIIiee BEIECTBO TOTO JKe Beca, pasMepa u GopMbl (HATIpEMED, TLUIACTUKA U
IIEJIK ).

Okcnepument 7.20

Ha sToM sKCcIIepuMenTe MBI IOKa2KEM, YTO IPOBOJHIUK HCIBITHIBAET OOJIBIIYIO
CHJTy TPUTSZKEHUs OT OJIM3JIE’KAIero 3aps’KeHHOTO Tesa, YeM u30ATop. Jlis
9TOr0 He 0043aTeIbHO NpUOEeraTh K B3BEIIUBAHUIO IPOBOIHUKA HIIA U30JIATODA.
Bmecro 3T0r0, MBI HCIIOJIB3YEM [1BA OIMHAKOBBIX II0 pa3Mepy U (hOpMe IIIaCTHKO-
BBIX MasgTHUKA, H3TOTOBJIEHHBIX U3 OHOIO U TOro e Marepuana (Puc. 7.23). B
MagaTHUKe [/ OyMasKHBIN JUCK WX JUCK U3 aJIIOMUHHEBON (POJIBIH IIPUKPEILTIEH
K IUIACTUKOBOMY JHUCKY. V3-3a HOIIOIHUTEILHOrO MaTepuaJa, IPUKPEIIEHHON K
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HEeMYy, OH BeCUT OoJjIbIe, YeM MaATHUK I, K KOTOPOMY HUYEro He ObLIO 100aBe-
HO.

[Tepesn HAYATIOM KCIEPUMEHTA, Mbl TOJHOCUM TaJjel 6Ju3KO0 K 000UM Ma-
garaukaM. Eciim oHu He pearupyioT Ha HaJiel], TO 03HAYAET, 9YTO OHU He ObLIN
CJIyYaitHO HA3JIEKTPU30BAHBI B IIPOIECCE UX IPUTOTOBJIEHUSI. ITO HE BCETIa MMe-
€T MECTO, TMOCKOJIbKY IIJIACTUKOBBI MAasTHUK MOXKET JIETKO IPUOOPECTH 3apsi
BO BpeMsl €ro IPUTrOTOBJIEHUsI (TPEHUE C PYKO BO BpeMsi BbIPe3aHUsl UJIM IIPHU-
KPEIUJIeHNs] TIIIACTUKOBOTO JUCKA K MEeJKOBON HuTH). HO MasTHUK MOXKHO JIErKO
paspsianThb. Hy»KHO JHIIb TOI0XKIATH HEKOTOPOE BpeMsi (HECKOJIBKO YacoB), MO~
Ka IVIACTUKOBBIH JIUCK He HOTepsieT ITOT 3apsii depe3 OKPYyzKalolmuit Bo3ayx. B
paszesne 7.14 mbI 0OcymuM 3Ty TeMy OoJtee TOAPOOHO.

Haee Mbl OyeM CIATATb, 9YTO 008 MASATHUKA ITPUBEICHBI B JIEKTPUIECKU
HEUTpaJbHOE COCTOAHUE.

Temepb MBI TTOHOCUM HATEPTYIO COJIOMKY OJM3KO K OOOMM MAATHUKAM, HE
JIOIYCKasl KOHTAKTa MEXKJIy COJOMKOH U JIUCKAMH MasTHUKOB. [liacTwkoBBI
MasITHUK CJIerKa IPUTSTUBaeTCst HarepToil cosomkoii (Puc. 7.24 (a)). MasTHuK
¢ Oy Ma2KHBIM JIUCKOM, C JPYTOi CTOPOHBI, IPUTSTUBAETCS 3HAUUTEIHLHO CUJIbHEE,
geM MIacTHKOBBI MasTHUK (Puc. 7.24 (b)). 9Tu CHibl MOXKHO CPaBHATH 110
YIVIy OTKJIOHEHMsI KaXKJOr0 MAFTHUKA OT BEPTUKAJIU (B [PEJIIOJIOKEHUU, ITO
3JIEKTPU30BAHHAS COJIOMKA PACIIOJIOKEHA Ha OJIMHAKOBOM PACCTOSHUM OT JIUCKA
KasKJIOr0 MasiTHUKA). XOTsl MagTHUK [] TsizKesiee MasiTHUKA [, OH MCHIBITHIBAET
OOJIBIIIYIO CUJLY IIPUTSI)KEHUs, YeM TIePBbIil MAsITHUK.

a:\@ — 5 |
O O
(a) (b)

Puc. 7.24: (a) IlnacTUKOBBIi MasTHUK €J1ab0 NPUTSATHBACTCS HATEPTONH COJIOM-
koii. (b) IlacTukoBbIi MagTHUK, K KOTOPOMY ObLI 106ABJIEH [IPOBOJISIIMIA JIUCK,
C JIPyrOit CTOPOHBI, UCIBITHIBAET CHJIbHOE MPUTSKEHHE K HATEPTON COJIOMKE,
HECMOTpsI Ha OOJILINHUI ero Bec.

dkcnepumenT 7.21

AHaJIOrUYHBII KCIIEPUMEHT MOXKHO IIPOBECTH C JIBYMsI MasTHUKAMU, IJI€ MbI
3aMeHsIeM ILJIACTUKOBBIE JUCKU MAPUKAMU U3 [eHoIiacTa. Kak u IjacTuk, me-
HOTIOJIUCTUPOJI ABJISETCsT M30aITOpOoM. Mbl pasmernaeM chepbl, OIMHAKOBBIE 110
pa3mMepy, Ha 060MX MasITHUKAX. 3aT€M MbI IOKPBIBAEM MasiTHUK [] ajioMUHM-
eBoit (hOJBrofl U MOTHOCUM HATEPTYIO COJIOMKY OJIM3KO K ODOMM MASTHHUKAM.
3aMeTuM, YTO MasITHUK C aJFOMUHUEBOI (POJIbIOil IPUTITUBAETCS CUJIbHEE, YEM
MasTHUK [, K KOTOpOMY HHYEro He ObLIO J00aBJIEHO.
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OKcriepuMeHT 7.22

ITocrpoum Temeps IBe ,A30JIATOPHBIE IIOJIBECHBIE HUTH', KaK IIOKAa3aHO Ha
Puc. 7.25. Oun ananornunsl MastHrKoBOI HuTH ['pest (Figure 4.28). Ho Tenepn
MBI 3aMEHHM JIE€PeBAHHYIO IINaXkKKy Ha IJTAaCTUKOBYIO COJIOMKY, & XJIOIKOBYIO
HUTh Ha I'MOKYIO IUIACTHKOBYIO 10JIOCKY. OGe H30JISTOpDHBIE IIOJBECHBIE HUTU
JIOJI2KHBI UMETb O/IMHaKOBYIO JIJIMHY N (]E)OpMy7 u 6bITb U3Tr0TOBJICHbI U3 O/IHOI'O
u Toro »xe Marepuasa. Termepb obepHUTE IIACTUKOBYIO IIOJIOCKY MasaTHUKA ]
JIETKOM XJIOIIKOBOH HHUTBIO II0 CIIMPaJIi BOKPYT Hero. Korma Bce ToToBO, clemyeT
ybenuTbed, 9T0 00€ IOoABECHbIe HUTH HAXOAATCA B JIEKTPHYECKU HEHTPaIbHOM
COCTOAHHUH J0 HadaJsa SKCIEPUMEHTa.

NN1aCTUKOBaA CONOMKa

NNaCTUKOBaA NONOCKa

Puc. 7.25: N3osngaropuas moiBecHast HATD.

MpbI TOIHOCUM HATEPTYIO COJIOMKY OJIM3KO K 00eM TOBECHBIM HUTSIM. 3aMe-
TUM, 9TO MOJBeCHast HUTH [] ¢ IPOBOAINEH XJIOMKOBON HUTHIO MIPUTITUBAETCS
cuIbHee, YeM I0JBeCHag HUTh [, K KOTOpOi Hudero e 6nu10 jgobasieno (Puc.
7.26). Xora noxsecnast Huth I jerde, yem uurh I1, ona npurarusaerca ciabee,
9eM BTOpasi MAgTHUKOBASI HUTD.

e N s

(a) (b)

Puc. 7.26: (a) zonsiTopHast m10/iBecHas HUTh IPUTATUBAETCS CJabee 3JIeKTPU30-
BAHHBIM TEJIOM, YeM JIPyTas U30JIITOPHAS MAasgTHUKOBAs HUTh, K KOTOPOW ObLIa
nobasreHa mpoBojsmas HUTh (b).

OTHU SKCIIEPUMEHTHI TOKA3BIBAIOT, YTO IIPOBOJIHUK UCITBITHIBAET OOJIBIIYIO CH-
JIy, 9eM U30JISITOP, OT OJHOI'O U TOIO Ke 3aPS2KEHHOT'O Tejia. JTOT (PakT ObLI
OTKPBIT 9KCIIEPUMEHTAJIBHO PsiJIOM HCCIeIoBaTeieil, B yactHocTH, Jlfode u dmm-

myc.b

6[DF33d, cTp. 233—234] 1 [Aep79, cTp. 261, 274 m 309—315].
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7.7.1 Ob6cyxaeHne ieKTpudeckoro masgTuuka I'pes

Kak 6su10 ynomsinyto B pazzuene 4.6, B 1720 romy I'peit gas ommcanue 31eKTpu-
9eCKOr0 MasTHUKA, e OH IMPUBA3AJI IIEPO K ITO/IBEIIEHHOM Ha TAJIKe MIeJTKOBOMI
HuTu. B TO BpeMs HHKTO He 3HAJ, B UY€M COCTOSJIO PA3JIUINE MEXK]Iy MIPOBOJI-
HAKAMHU U HU30JISITOPAME. DTO O3HAYAET, YTO BBIOODP IIEJKOBON HUTH OBLI CIIy-
gaiiupiM. [Tlesk sBistercs nzoasaTopoMm. B To Bpems ['peit ¢ Takum Ke ycrexom
MOT' HCIIOJIb30BATH JIbHSHYIO WJIM XJIONKOBYIO HUTh, KOTOPBIE SIBJISIFOTCSI IIPOBO/I-
nukamu. ['peit Harpen Kycok ob6eprounoit 6ymaru (TpancdopMupyst TEM CaMbIM
9Ty OyMary B U30JIATOD ), U 3apsaauil ee TperueM. [pubimzkast 9Ty TOHKYIO 06ep-
TOYHYIO OyMary K Iepy, IPUBA3AHHOMY K IIIE€JIKOBOW HUTHU, OH MOT IIOJHSATDH €ro
JI0 TeX IO, TIOKa MIEJIKOBas HUTH He IPHUHSIA TOPU30HTAJIBHOE TIOJIOXKEHNE, 10/
MPsIMBIM YTJIOM K BEPTUKAJbHON naJiouke. IlojgHnMast HaTepTyro 06ePTOYHYIO
Oymary erre BbIIe, OH MOTI' 3aCTaBUTh IIEJIKOBYIO HUTH IMOJHATHCS BBIIIE MOPU-
30HTAJIBHON IJIOCKOCTH, OCTaBAsICh B BEPTUKAJHHOM TIOJIOXKEHUHU B BO3/yXe, KaK
nokazano Ha Puc. 4.21 (¢). B mocsiecsioBun K 3T10My 9KCIEPUMEHTa OH YIIOMSIHYJI
cerytomee:”

3areM s TIOBTOPUJI ITOT IKCIEPUMEHT G€3 Iepa, TO €CTh TOJIBKO C
IIIEJIKOBOH HUTBIO JUIMHOM OKosto 5 mim 6 jpoitmos [13 mam 15 cm],
KOTOPAas BBITSIHYJIACh BEPTUKAJIBHO BBEPX, KAK B BBIIIEYIIOMIHYTOM
cilydae, He Kacasch [HarepToil u Harperoit| 6ymaruy; |...]

WnmrocTpanus 3T0Oro IKCIepuMenTa gaercd na Puc. 7.27.

LeNKoBaA HUTb

/

=~ nepeso

(a) (b) (c)

Puc. 7.27: I'peit npuTdaruBaer IIeJKOBYIO HUTh, IOMECTHB KYCOK HAaTEPTOil Oy-
Maru OKOJIO Hee.

OTO MOKA3bIBAET, YTO [IE€PO UI'PAJIO JIUIIH BTOPOCTEIIEHHYIO POJIb B 3TOM JKC-
IepUMEeHTe, TaK KaK OH MOT IIOJIHATH IIEJKOBYIO HUTH Jake 6e3 mepa. Ecth 1Ba
BO3MOYKHBIX O0bSICHEHUST TOTO JII00OMBITHOTO dddekTa. [lepBoe cocTonT B TOM,
YITO, KOIJIa OH IIPUBSI3AJI IIEPO K IIEJIKOBOW HUTH, 8 3aTEM OTBI3AJI €ro, IeJIK BeJ
cebsT KaK M30JISITOP U €r0 HUXKHUN KOHEI[ 3aPsIUICs OT CiIydaiiHoro Tpenus. 1lo-
Jorperasi U HaTepTasi KOpUIHeBasi HyMara MorJia ObITh 3JIEKTPU30BAHA 3aPSIIOM,

7[Grab, ctp. 107].
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MIPOTHUBOITOJIOXKHBIM TI0 3HAKY € 3apsaaoM Ha mreske. Korma ['peit mpubansmt stn
JIB& BEIECTBA, OHU IPUTATUBAJIN JAPYT Apyra. I'peil Mor Torja MOMHATD IIEJIKO-
BYIO HUTH BBIIIE€ TOPU30HTAJBHON JIUHUN. BTOpOe OObSICHEHNE COCTOUT B TOM,
9TO, KOTJIa OH IIPUBSI3aJI U OTBSI3aJI [I€PO, MIEJIKOBast HUTh MOIJIA CTATh BJIAXKHOIA,
BO3MOXKHO, U3-3a Bjaru Ha pykax ['pes. Eciu aTo nmeno mecto, mesikoBasi HUTh
3aTeM Bejia ObI cedst KaK MPOBOAHUK. [Ipn mogHeceHnn oI0TpeToil 1 HaTepToit
06epTOUHOM OyMaru K HATHU, IPOBOISINAS HUTH CTaJia Obl TOT/Ia MOJISPU30BAH-
uoii. To ecTb ee HUXKHMIT KOHEI, PACIIOJIOXKEHHBIH OJIMKe K 3apsizKeHHO Oymare,
MOT' TIOJIyYUTh 3apsij IIPOTUBOITOJIOXKHOIO 3HAaKa. BJarojgaps CUJILHOMY IIPUTSI-
JKEHUIO MEXKIy 3apsiiaMu OyMaru u 3apsiJlaMu, PaCIIOJOKEHHBIMU Ha CBOOOIHOM
KOHIIe HUTH, ['peit MOr MOJHSATH HATH BBIIE TOPUIOHTAIHLHON JIMHAU. DTO OBLIO
OBbI aHAJOTUTHO HAIEMY KCIepuMeHTy 6.6.

C mpyroit CTOPOHBI, CyXasi U pa3psizKEeHHAas! IIeJIKOBasi HUTh OYyJIET BECTH Ce-
651 KaK OOBIYHBIN HEHATpAIbHBIN n30/ATOp. B aTOoM ciaydae ['peit me O6bu1 ObI B
COCTOSIHUY TIOJIHSITH HUTH BBIIII€ TOPU30HTA, JaKe €CJIU ObI OH IOIHEC 3aPsIKEH-
HYI0 00epTOYHYI0 Oymary odeHb 01u3K0 K HUTU. OOBIYHO IIPUTSXKEHUE MEXKILY
3apsiKEHHBIM TEJIOM U HeHTPAJIbHBIM H30JISTOPOM ropas3jio ciabee, 9eM IPUTs-
JKEHUE MEXKIy 3aps?KEHHBIM TEJIOM M HEeATpaJbHBIM MpoBOIHUKOM. OHO Tak>Ke
HaMHOTO cjabee, 9eM MPUTSKEHUE MEXKy JIBYMs IIPOTHUBOIOJIOKHO 3aPsiyKEH-
HBIMH T€JIAMHU.

7.8 Cuiabl HE3JIEKTPOCTATUYUECKOTO IIPOUCXOXKJIe-
HUS

Kaxk Mbl Buziesin B rytaBe 5, [Ba MOJIOKUTEIBHO 3aPI?KEHHBIX TEJIa OTTAJIKIUBAIOT
OPYT APyTa, ABa OTPHUIATEIHHO 3aPIKEHHDBIX TeJIa OTTAJKUBAIOT JAPYT APyTa, B
TO BpeMsl KaK IOJIO?KUTHJIBHOE TEJIO U OTPHUIIATENIHLHOE TeJI0 IPUTATUBAIOT JIPYT
Jpyra. JIpyruMu cioBaMu, 3apsiJibl OJHOTO 3HAKA OTTAJKHBAIOTCI, B TO BPEMs
KaK IMPOTUBOIIOIOXKHBIE 3aPsi/Ibl IPUTITUBAIOTCS. DJIEKTPUIECKUE CUJIBI, C KOTO-
PBIMU 3TH TeJjla JeHCTBYIOT APYT HA APYra, KOrJa OHU HAXOJATCSI B COCTOSHUU
TIOKOsI, HA3BIBAIOTCS JIEKTPOCTATUIECKIMU CUIAMHU.

Bo Bcex curyanusix Korja ecrh JIBa 3apsijia UIH OOJIbINE, B COCTOSIHUU ITOKOST
OTHOCHUTEIHLHO JIPYT APYyTa, B KOH(MUIYPAIMHA YCTONINBOIO PABHOBECHUS, HYKHBI
CUJIBI HE3JIEKTPOCTATUIECKON TPUPOIBI, 9TOOBI COATAHCHPOBATE IJIEKTPOCTATH-
JecKne CHUIIB, JeficTByIomme Mesk 1y 3apsaaami.® IIponLmocTpupyeM 3To 371ech B
cJIydae OTPUIIATEIbHO 3apsizKeHHON 1IpoBoisieil ccpepnl. Cdepy MOKHO HAIJIEK-
TPU30BATH, HAIIPUMED, C TIOMOIIHIO0 HATEPTOH O BOJIOCHI TIJIACTUKOBOM COJIOMKH.
3apsiIpl Ha TPOBOJHUKE OTTAJKUABAOT ApyT apyra. C qocTuzkeHneM paBHOBECHS,
OHHU PaBHOMEPHO pacipejesenbl o nosepxuoctu cdepsl (Puc. 7.28).

Paccmorpum orpuiiare/ibHbIN 3apsiji Ha BepxHeil yacTu cdepbl. OH oTTaIKN-
BaeTCs OT BCEX JIPYTUX OTPUIATEbHBIX 3apsinoB. CiieloBaTe/IbHO, HA HErO Jeii-
CTBYET JIEKTPOCTATHYIECKAs CHUJIA BJIOJb BEPTUKAJILHOU JIMHUW, B HAIIPABJICHUN
ot 1nieaTpa cdepsbl. Cujia HEIIEKTPOCTATHIECKOTO TIPOUCXOXKIEHIS — PABHAS 110

8See [AHO7, Section 5.3], [AH09, Section 5.3, u ccbiiku B HUX.
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Puc. 7.28: PaBuomepno 3apsixkennast cdepa.

MHTEHCUBHOCTH, HO HAITPABJIEHHASI B ITPOTUBOIIOJIOKHYIO CTOPOHY — HEOOX0IuMa,
JIJISL y/Iep2KaHus 9TOr0 OTPHUIATEIHLHOTO 3aps/ia B ToKoe. B TaHHOM KOHKPETHOM
ciIydae, 3Ty HE3JIEKTPOCTATUYECKYIO CUJLYy WHOTJIa Ha3bIBAIOT KOHTAKTHOI CHJION.
Ho mer sicHoro moHmMaHWsi TPOUCXOXKIEHUS 3TON criibl. Mbl Tak»ke He 3HaeM,
KaK OHa IIPOU3BOJUTCH U T.J.

AmnajlornvaHasi cuTyarys uMeeT MecTo, KOrJa IPOBO/Isinas cdepa 3apszKeHa
OJIOKUTENBHO. V1 TO 2Ke caMoe pacCyKJeHHe T'OJUTCH I JUIIEKTPUIECKOi
cdepbl, pABHOMEPHO HA3JIEKTPU30BAHHON MMOJIOYKUTE/IBHO HJIH OTPUIIATEIBHO.

7.9 MukpocKonnieckue MoJieJii TPOBOJHUKOB U
N30JIITOPOB

YT0o6BI MOHATH BECh ITOT HAOOP OIBITOB, IMOKA3BIBAIOIINX CXOJCTBA U Pa3Jid-
qHs MEXKJIy IMPOBOJHUKAMU U U30JISITOPAMU, TIPEJJIAraloTCd MUKPOCKOTTUIECKIE
MOJIEJIN STUX TeJI. DTU MOJIEJU IOMOTAIOT HAM ITOHATH U BU3YaIU3UPOBATH OIIM-
CaHHBIE 37eCh Iporecchl. Mosenn Ob1In CO3/IaHbI ¢ UCIOJb30BAHINEM PE3YJIbTa-
TOB KCIIEPIMEHTOB, AHAJIOTUIHBIX T€M, KOTOPBIE OIUCAHBI B 9TOI KHUTe. 3aTeM
[IO/IXO0JT, UHBEPTUPYyeTCs. To ecTh cHAaYa A MOCTYIUPYIOTCS MOJIENIN, KOTOPhIE 3a-
TeM HUCHOJIB3YIOTCS JIJIs WJLTIOCTPAINUA W OMUCAHUSI TOTO, YTO MPOUCXOIUT B
IKCIIEPUMEHTAX.

Taxoit moaX0T TPUBOAUT K ABYM PA3IUIHBIM MUKPOCKOIIMIECKAM MOJIEJISM
JIJIsT TIOJISIPU30BAHHDIX IIPOBOIHUKOB U MOJIIPU30BAHHBIX U30/1ATOPOB. s mpo-
BOJHUKOB MBI JIOIIYCKAEM CYIIECTBOBAHIE CBOOOIHBIX 3apsA0B. MbI mpesrosia-
raeM, 9TO B MPOBOJHUKAX CYIIECTBYIOT 3apsjbl, KOTOPbIe HE MPUKPEIJIEHBI K
MOJIEKYJIaM MaTepuaJia, W, TAKUM 00Pa30M, MOT'YT CBODOJIHO IIE€PEMEIATHCS 110
BCeMy IPOBOAHUKY. Korma mpoBOTHUK HEHTpPAaJeH, 3T CBOOOIHBIE 3apsIbl HE
HCIIBITHIBAIOT HUKAKOTO CYMMAPHOTO MAKPOCKOIIMYECKOTO JIBUKEHUS 1 HE MPO-
U3BOJIAT HUKAKUX BHemHuX 3dderToB. C Apyroif cTOpoHBI, KOIJA MBI II0JIHO-
CUM 3apsi?KeHHOE TeJI0 OJIN3KO K 9TOMY ITPOBOJIHUKY, OH ToJigpu3yercs. To ecThb
Ta YacTh IIPOBOIHUKA, KOTOPasi HAXOIUTCS OJIMYKe BCErO K 3apsi>KEHHOMY TeJIy,
MOJTyYaeT CYMMAPHBIN 3apsi] MPOTUBOIOJIOKHOTO 3HaKa, B TO BpeMs KakK IPO-
TUBOIIOJIOZKHAST YaCTh ITPOBOJIHUKA, JIEKTPUIYETCS 3apsAaMHU TOrO Ke 3HaKa,
4yTo U 3apskenHoe resio (Puc. 7.29). 91u nosnsipuzoBanHbie CBOGOIAHBIE 3aPsIibl
MOI'YT OBITH IIE€peJaHbl JIPYIUM IIPOBOJHUKAM, KOTJA ITU JAPYTUe ITPOBOIHUKHI
MPUXOJIAT B KOHTAKT C 9TUM TOJITPU30BAHHBIM TTPOBOIHIKOM.

Mpb! ipe/irioiaraeM CyIecTBOBAHNE CUJIBI HEIJIEKTPOCTATHIECKOT'O TPOUCXOK-
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Puc. 7.29: Mukpockonudeckass MOMIEJIb UICAJTUINPOBAHHOIO TIOJISIPU30BAHHOTO
IIPOBOJIHUKA BOJIU3HU IPYrOro 3apsi?KEHHOI'O TEJIA.

JeHUs, KOTOpas JOCTATOYHA JJIs YIAEPXKUBAHUS ITUX CBODOIHBIX 3apsOB HA
ITOBEPXHOCTHU TTPOBOJIHUKA, 38 MUCKJIOUEHUEM ITp00O0si, KOTJIA, IIPOUCXOIUT IJIEK-
TPUYIECKUN pa3psy] depe3 BO3IYX.

SazemjieHNEe MPOBOJHUKA B HPUCYTCTBUM MOOIU30CTUA 3aPSKEHHOTO TEJA,
KaK [MOKa3aHo B dKcrepuMenTax 7.15 u 7.16, nmokazamo na Puc. 7.30.

aia

el s el

- - -
(a) (b) (©)

Puc. 7.30: 3azemiienne mMpOBOMHUKA B IPUCYTCTBUM MOOIU30CTH 3aPSIKEHHOTO
TeJia.

[TpuBenem Terepb MUKPOCKOIIMYECKYIO MOJIE/Ib JjIs U30J1sTopa. B sToMm ciry-
qae MBI IIPEJIIIOJIAraeM, 9YTO, KOIJ[a MbI IIO[IHOCUM 3aPsizKEHHOE TeJI0 K U30JIATODY,
MOJIIPU3AIHS IPOUCXOIUT TOJHKO B CAMEUX MOJIEKYJIAaX U30J4TOpa. 10 ecTh Te
YAaCTH MOJIEKYJI JUIJEKTPUKA, KOTOPbIE PACIIOJIOKEHBI OJINXKE K 3aPIyKEHHOMY
TeJly, 9JIEKTPU3YIOTCS 3apsiIaMy, KOTOPBIE MTPOTHBOIOJIOKHEI 110 3HAKY 3apsi-
keHHoMy Teity. C JIpyroit CTOPOHBI, YIaCTKNA MOJIEKYJIBI JTUIJIEKTPUKA, KOTOPHIE
PACIIOJIOXKEHBI JIAJIBIIE OT 3aPSI?)KEHHOI'O TeJjia, IJEKTPUIYIOTCS 3apsiiaMUi TOTO
2Ke 3HaKa, 9TO W Tejo. /[Jjisi u30/sITOPOB HET HUKAKOIO CyMMAPHOI'O JIBUZKEHUS
CBODOJTHBIX 3apsiJIOB, €CTh TOJIBKO ToJIspu3anus ero Mosekys (Puc. 7.31 (a)).

Bo BHyTpenHeil yacTu m30JTOpa TOTJa OYILYyT PABHBIE KOJUYECTBA IOJIO-
JKUTEJBbHBIX ¥ OTPUIATEJBHBIX 3aPsI0B, PACIOIOKEHHBIX O9€Hb OJTU3KO JIPYT K
Jpyry. s mroboro Heb0IbITOro 06beMa BHY TPU U30JISITOPA, COIEPKAIIII MHO-
0 MOJIEKYJI, CyMMa 3TUX 3aps/IOB OyIeT OJIM3Ka K HYJII0. DTO 3HAYUT, UYTO MBI
MOXKEM PaCCMaTPUBATL O0BEM IMOJISIPU30BAHHOTO JIMIJICKTPUKA KAK MaKPOCKO-
nuaeckn HefiTpadbHbiii. Ho 9T0r0 Heslb3st cKa3aTh O MOBEPXHOCTH JIUIJIEKTPUKA.
Cymmapubiit 9dEKT ITUX MOJEKYISPHBIX HOJSIPU3ANUANA COCTOUT B TOM, UTO
[MOBEPXHOCTH M30JISITOPa, KOTOPasl PACIIOJIOXKEHA OJIMKE K 3apsiKEHHOMY TeJLy,
Oyzer BecTu cebsi TaK, KAK OYJATO OHA JIEKTPU30BAHA, 3aPSIAMU TPOTUBOIIOJIOXK-
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(@) (b)

Puc. 7.31: (a) Mukpockonuueckasi MOJIeJIb UIEaJIN3UPOBAHHOIO M30JISITOPA, TI0-
JIAPU30BAHHOTO B IIPUCYTCTBUU JPYTOro 3apszkenuoro renia. (b) Dddexkrusuas
[OJIAPU3AIHS JIUJIEKTPUKA B cuTyarmu (a).

HOT'O 3HAKA B CPABHEHUH C BHEITHUM 3aPs?KEHHBIM TeJIOM. A Ta 9acTh TOBEPXHO-
CTU M30JIITOPA, KOTOPasi HAXOIUTCsI JIaJIbIlie BCEIO OT 3apsi?KEHHOI'O TeJia, Oy1erT
BecTH cebsl TakK, KaK OyJATO OHa 3JIEKTPU30BAHA 3apsiIaMU TOTO Ke 3HAKa, ITO U
3apsizKeHHoe Tes10. Da dabderTuBHas nojgpusaimsa nokasana una Puc. 7.31 (b).

W 31ech Toxke cuiia HEITIEKTPOCTATUIECKOIO IIPOUCXOXKIEHIS TPEOYETCs J1st
TOTO, LITO6bI IpeJOoTBPaTUTh JABUZKEHHNE ITOJIAPU30BAHHbIX 3apsA/10B Ka}K)lOfI MO-
JIEKYJIBI Yepe3 JTUJIEKTPUK.

[Monspuzanusi, npencraBiaernast na Puc. 7.29, cuibHee, T.e. MHTEHCUBHEE,
yeM MoJIIpu3alys, npejcrasientas Ha Puc. 7.31 (b). Dtu pucynku tpebyror
HEKOTOPOro nosicHeHusd. [Ipenmosaraercs, YTO IPOBOJHUKU U U30JIATOPHI NMe-
0T OJHY U Ty ke (OpMy U pasdMepbl, U HAXOJSITCS HA TOM K€ PaCCTOSTHUU OT
COJIOMKU, 3aps?KEHHOW C OJHON M TOl K€ WHTEHCHBHOCTHIO B 0DOMX CJIydasiX.
ObocHOBaHME KOHKDPETHBIX KOJIMYECTB 3aPsOB HA ITUX PHUCYHKAX, OBLIO ma-
HOB pasjiesie 7.7. DKCIePUMEHTHI TOKA3BIBAIOT, UTO 3aPSIKEHHOE TEJIO JIefCTBY-
€T Ha IPOBOJHUK C OOJIbINEH CHUJION, YeM Ha HU30JSTOpP. DTO YKA3BIBAET HA TO,
YTO MOJIAPU3AIKS TPOBOIHIKA UHTEHCUBHee, deM 3 (heKTUBHAS [TOJISIPU3aIUs
JU3JIEKTPUKA. VIHTEeHCHBHOCTD MJIM CTENEHb ITOU MOJIAPU3AINY IPEJICTABIIEHA
KOJIMYECTBOM ITPOTHUBOIOJIOXKHBIX 3aPSJIOB, PACIPEIEICHHBIX O 00ErMM CTOPO-
HaM TOJISIPU30BAHHOTO Teja. J[Jisi MpOBOMHUKA €CTh OOJIbIIe MOJISIPU30BAHHBIX
3apsIOB, YeM JIsl U3JIeKTPHUKA, KaK 9TO mokasaHo Ha Puc. 7.29 u 7.31 (b).

Kpome Toro, mpubsinzkasi 3apsi2KeHHOE TeJIO K ITPOBOJHUKAM U U30JISITOPAM,
MBI yBeJIMYIMBaeM UX mojsgpusaruio. [lossipuzanust TpoBOIHUKA U JUIJIEKTPU-
K& yBEJUYIUBAETCS TAKXKE IPU YBEJIMIECHUN SJIEKTPU3AINN TEJIA, BBI3BIBAIOIIETO
MIOJITPU3AIIUIO.

B seiicTBUTE/IBHOCTH, HU OHO TEJIO HE sIBJISETCsl UeaIbHBIM IIPOBOIHUKOM
WIA WJIeaTbHBIM U30/ATOPOM. [109TOMY 9TH MUKDPOCKONHMYECKUE MOJIE/N SIBJIs-
[0TCH ujeanu3anusiMu. Peasibabie Tes1a, B O0IbINeH NIn MEHbBIIEH CTEeIEeHN, BEIy T
cebsT M KaK TPOBOJHUKY U KaK M30JATOphI. CyIecTByeT ompe/ie/leHHas rpajia-
U MEXKJy XOPOIIUMHU [IPOBOJHUKAMU U XOPOIIMMHI U30JISTOPAMHU.

B sro6omM cityuae, 5T uieaM3UPOBAHHBIE MOJIEIN TIOMOTAOT HAM IOHSITH
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U TPEeJCTaBUTL cebe MEXaHW3MBI, JIesKAIe B OCHOBE MHOTUX DJIEKTPUICCKUX
SIBJICHUIA.

7.10 MoryT au Tesa, JIEKTPU30BAHHBbIE 3apsaa-
MW OHOT'O 3HAaKa, MIPUTATAUBATD JIPYT JApyra’

OKcriepuMeHT 7.23

Mper nosropsiem skcriepumerT 6.5 (Puc. 6.7). Ho reneps orpuiiarenbaas co-
JIOMKA IOJIHOCUTCS ele OJImKe K IOJIOCKE OTPHUIATEBHO 3apsSyKEHHOIO JIeK-
Tpockona. Mpl 3aMedaeM, 9TO Ha PACCTOSHUSX, MEHBIINX WM PABHBIX OIPese-
JICHHOMY 3HAYEHHUIO, NOPsIKa OT 2 10 4 M, OTTaJIKUBAHNE MEXKJLY IIOJIOCKOH u
COJIOMKOIi TlepexosuT B npuTskeHne. [lojioca KacaeTest CONMOMKU M IIPUIIUIIAET
K Heil.

OKcriepuMeHT 7.24

Mpbr nosropsiem skcuepumentsl 4.7 u 5.23 (Puc. 4.18 u 5.27). Ho renepb
OTPHUIATEIbHAS COTOMKA MOIHOCUTCS eITe OJIIKe K OTPUIIATETLHOMY JTUCKY Ma-
ATHUKA. 3aMETHUM, 9TO yI'OJl OTKJIOHEHUs] MasgTHUKA OT BEPTUKAJIM YBEJIMIUBa-
eTcsl, KOT/Ia PACCTOSTHUE MEXK/Iy COJIOMKON M MasgTHUKOM IaJIaeT TJe-To ¢ 15 10 5
cM. DTO IMOKA3bIBAET, UTO MHTEHCUBHOCTDH CUJIbI OTTAJKUBAHUS yBEJIUINBAETCS,
KOTJIa, PACCTOSTHUE MEXKJTY HUMHU YMEHBIITAETCS B 9TOM JINATAa30HE.

OiHaKO, Ha PACCTOSTHUSAX HUXKE OIPEIEJIEHHOIO 3HAYEHUsI, HOPsAKa D CM,
y2Ke HET OTTAJKUBAHUS MEXKJy OTPUIATETHLHON COJOMKON U OTPHUIATETbHBIM
muckoM. Ha Takmx MaJibIX PacCTOSHUAX OHHU MPUTATUBAIOT JPYT Apyra. uck
KacaeTcsl OTPUIATETHLHON COJJOMKHM BO BTOPOM pa3 M CHOBA OTTAJKHUBAETCS OT
Hee.

Ilocite 2 mwmm 3 TaKUX KOHTAKTOB MEYKJY OTPHUIATETLHOU COJIOMKOM W JTUC-
KOM MasITHUKA, CHOBa HAOJIIOMAETCS TO K€ CaMoe sIBJIeHNEe, HO Ha HECKOJHKO
OTJINIHBIX paccTogHnsax. Korma amuck nMmeeT OOJIBINYIO CTEEHDb JJIEKTPU3AINN,
OTTAJIKMBAHUE MEYK/TY JTUCKOM M OTPHUIATETLHON COJIOMKON MOXKET HAOIOIATHCS
Ha, PACCTOSIHUAX, OOJIBIIINX YeM paHbIie, nopsaka 20 cM. VTHTeHCHBHOCTD CUIIBI
OTTAJKUBAHUS BO3PACTAET, KOIJIa 3TO PACCTOsiHNe CHUXKaeTcs ¢ 20 ¢M 10 HUXKHe-
ro mpeaena 2 wim 3 cM. Korma paccrosiine MexKIy COJOMKOI M TUCKOM ITaIaeT
HIKE 9TOTO TpeJieia, CHOBA BOSHUKAET MPUTSIKEHNE MEXKIy HUMHU, U BCTYIAeT
B AeiicrBue mexanusMm ITKO.

OTH IKCIIEPUMEHTHI MOZKHO HOHSITH HA OCHOBE OIMCAHHBIX BBIIIE IIPUHIIUAIIOB.

JlaBaiiTe IPeIIIONIOAKUM, YTO TeJIO I, H30JIATOP, OBLIO 3aPAXKEHO OTPULATEb-
o TpenneM. OHO HAXOJUTCA PSJIOM C HEHTPAJIbHBIM TesoM I, IPOBOIHUKOM,
CYMMapHBIIl 3apsiji KOTOPOI'o paBeH Hyso. MeK/ly HUMH €CTh CUJIa IIPUTSIKe-
Hug. DTa CUjIa IPUTSKEHWs CBA3aHA C rosgpusariueit Tena I B IPUCyTCTBUH
Tena I, Kak nokasano Ha Puc. 7.29. Mbl 0603HaYaeM 3Ty CHILY IPUTSKEHUS de-
pe3 Fa > 0 (Puc. 7.32 (a)). Tenepn Mbl aj1ekTpusyeM Tesio 11 3apsiioM TOro ke
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3HaKa, 9TO U 3apsijl IPUTATUBAIONIETO Tejia . DTO MOXKHO CleslaTh, HAIPUMED,
o MexauusMy ITKQO. DTo co37acT HOBYIO CHJIy MEXKJy HUMHU. DTa CHUJIA — OT-
TaJKUBAIOIIAsl, U ee Mbl OymeM 0603Ha4aTh 31ech yepe3 Fr < 0. Ha Puc. 7.32
(b) MBI HpeacTaBIseM Ty HOBYIO CUJLy OTTAJKUBAHUS, He OOpallas BHUMAHUS
Ha IPEeIbIAYILYIO, CBA3AHHYIO C IOJIAPU3ALNNeil IPOBOIHNKA, CUILY IPUTIKEHUSI.
HoBblil oTpunaTe/bHbIA 3apsi HA [IPOBOIHUKE IIPEICTABIEH B CEPElIUHE TeJIa
11 TOJBKO JIJIst TOrO, YTOOBI OTJIMYUTH €0 OT IOJISTPU30BAHHBIX 3aPSIIOB. DTOT
HOBBI 3apsi)t Ha Tesie 11 OyIeT CTPEeMUTBCS MOJISIPU30BaTh TeIo I, co3/aBast CH-
JIy TPUTSIKEHUsT MeXKJIy HUMW, HO MbI Oy/IeM UTHOPUPOBATH 3/I€Ch 3Ty HEOOJIb-
[IYI0 COCTABJISIONLYIO CUJIbL. B JII000M ciiydae, MPUTSKEHUE, KOTOPOEe IMPOU30-
[ILJIO MeXKJy HUMM PaHbIIEe, BCE €Ille OCTAeTCd. Pe3ysbTUpyolnas cujia Oymer
npubnusurenbHo pasHa F, = F4 + Fgr. Ecom Fy > |Fg|, pesyabrupytomas
curna Gyner npursrusaronieil. Ecin Fy < |Fg|, pesyaprupyomast cuia Gyer
orraskusatoneit. Ha Puc. 7.32 (¢) nokasan npumep, rue Fy < |Fg|.

Fu Fr Fy Fr

sy sy s,

(2) (b) (0)

Puc. 7.32: (a) Cuita npurszkenusi, 00yCIOBI€HHAs NOJIAPU3AIUEdl HeHTPAIBHO-
'O IPOBOJIHUKA B OKPECTHOCTH 3JIEKTPU30BaHHOIO u3osstropa. (b) Cuia ucroro
OTTAJKUBAHUS MEXK/IY OTPUIATEIHEHBIM U30JIITOPOM M OTPUIIATEIHHBIM IIPOBOJI-
HUKOM IIPH YCJIOBUU, YTO IIPOBOJHUK HE IIOJISIPU30BAH OTPULATEIHLHON COJIOM-
koit. (¢) Cymmapsast cuia F,, = Fy + Fr MexXK 1y 9J1eKTPU30BaHHBIM H30JISITOPOM
¥ IIPOBOJHUKOM B IIPEIIOJIOKEHNH, UYTO IPOBOIHUK JIEKTPU30BaH U IOJIPU30-
BaH. Curyanus, riae Fu < |Fg|.

s TOro, 9TO MbI BUJe/JIN JJO CUX IIOPD, Mbl MOXKEM JIaThb TPpU YyCJIOBUA, DU
KazKJI0M U3 KOTOPBIX MBI 6y,aeM UMETDH B CyMMe CUJTy IIPUTAZKECHUA ME2KJTy 3TUMN
TeJaMU, HA3JICKTPU30BAHHBIMA 3apAJaMU OJHOT'O 3HaKa.

e Hauanphas cuiia IPUTSKEHNS HE 3aBUCAT OT BEJMYIHMHBI HOBOIO 3apsfa,
[EPEJIAHHOTO IIEPBOHAYAIBHO HeHTpaabHoMy Tesy 1, B TO BpeMs Kak HO-
Basl CUJIa OTTAJKUBAHNSI 3aBUCUT OT BEJIMIMHBI 9TOTO HOBOT'O 3apsiia. Ecim
9TOT HOBBIN 3apsij| OUeHb 60JIbINOiL, To |Fg|, Kak npasuio, 6yaer Goblie,
geM Fy (Puc. 7.33 (a)). YMeHblasi BeJIMUMHY STOIO HOBOIO 3apsijia Ha
resie I, MBI MOXKEM YyMEHBIINTH BEJMIMHY HOBOH CHJIBI OTTAJKHBAHUI
TakuUM 00pa3oM, 9TO CyMMapHOE HPUTSKEHHE Oy/leT OCTABATHCA MEXKILY
JIBYMSsI TeJIaMHU, UMEIOIIIMI CYMMAaPHBIN 3apsi Toro ke 3Haka (Puc. 7.33

(b))-
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Fy . Fy

(@) (b)

Puc. 7.33: (a) IIpu 3HAYUTEIHHOM CyMMapHOM 3apgJIe HA IPOBOJHUKE, CyMMap-
Has OTTAJIKABAIOIIAS CUJIa COXPAHUTCS MEXK]y HAM W OTPHUIATETHHBIM W30JIs-
ropoM. (b) Eciu npoBognuk umMeer Juiib HeGOJIBINONR CyMMAaPHBIN 3apsij], CHJIa
MIPUTSI?KEHNSI, CBI3aHHAS C €ro MOoJIsTpU3arnyeil, Oy/IeT MpeBbIIaTh CUIy OTTaJ-
KUBaHUsl, OOYCJIOBJIEHHYIO HAJIMYUeM CyMMAapHOIO 3apsijia, UTO JAET B UTOre
MIPUTSATUBAIOILY IO CHJTY.

e [IpenmmosokuM, 9TO MPOBOJHUK U M30JISITOP 00a SIBJISIIOTCS OTPHUIATEb-
ubiMu, a |Fr| > F4, Tak 9T0O CymIeCTBYET CyMMAapPHOE OTTAJKUBAHUE MEXK-
qy Humu (Puc. 7.34 (a)). Korjia Mbl yBeamdauBaeM KOJIMYECTBO 3apsiia B
JIUJIEKTPHUKE, Mbl yBEJIUUYUBAEM HUHTEHCUBHOCTD CUJIbI OTTaJIKuBanus |Fg|.
WuTencuBHOCTD CUIBI IpUTSIKeHUs F'4 Bo3pacTaeT, HO OHA pacTeT ObICT-
pee, 1eM pocT B |Fg|. DT0 06bsICHSIETCST T€M, UTO MBI TAKXKe YBEJININBAEM
KOJIMYIECTBO IOJIIPU30BAHHBIX 3apPsiJI0B Ha IPOBOJIHUKE, KaK B pa3jeie 7.3
(Puc. 7.10). Hanpumep, eciiu 3apsiji I13/1eKTPUKA [OBBIIIAETCS B TPU Pasa,
| Fr| Takzke yBeauuuBaercs IpUMepHO B Tpu pasa. Ho, ¢ apyroit croponsl,
F4 Bo3pacraer mpuMmepHO B JeBsTH pa3. Korja KomdecTBO 3apsijia Ha
M30JIATOPE YBEJIUIUBAETCS, HACTYIIUT MOMEHT, Koryia F4 Oyaer OoJbiie,
gyeM |Fg|, uro B cymMe Jaer cuity npursikeHus Mex iy Humu (Puc. 7.34

(b))-

Fo  Fy Fyx Fy

(a) (b)

Puc. 7.34: (a) Cura orrankusanust 60Jiblile, deM cuia nputsikenus. (b) Fy Bos-
pacraer 6picTpee, YeM |Fgr| 3a cuer yBesnueHns] KOJIMIECTBa 3apsiia B Oau3iie-
JKAIEM U30JISITOpE. 3J1ECh Mbl IIPEJICTABIISIEM CUTYAIIUIO, TJIe CUJIA IPUTSI KEHUsT
MIPEBBICIIIA CHITY OTTAJKIBAHUS.
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e CymmecTByer TakyKe U JIpyrasi CATYAIUsI, TJe MEXKJIy JBYMS TeJIaMU, UMe-
IOIMU 3apd/Ibl O/THOI'O 3HaKa, BOSHUKaET CyMMapHas CUJIa IIPUTAKEHNA.
IIpemosokum, 9T0 U MPOBOJHUK U U30JISTOD SIBJISIOTCS OTPUIATEIbHDI-
mu, a |Fr| > F4 Tak, 9T0 BO3HUKAET CYMMAapHOE OTTAJIKUBAHUE MEXKILY
HUMU, KOTJa OHU HAXOZATCs APyl or Apyra Ha paccrogauu D (Puc. 7.35
(a)). HTeHCMBHOCTH CUJI IPUTSYKEHUsI ¥ OTTAJKUBAHUS BeayT cebs 110-
Pa3HOMY B 3aBHCHUMOCTUA OT PACCTOSIHUS MEXKJY STHUMHU JIBYMS TEJIAMHU.
VMeHbIas 9TO PACCTOSHHUE, MbI YBEJUYIUBAEM BEJUIUHY FR TOJBKO 3a
cUeT CONMIKEeHUs] MeXK/Ly OTPHUIATEIbHBIM 3apsigoM I M CyMMapHBIM OT-
punarenbabiM 3apsgom 1. Cuna nputsikenus F4, ¢ Apyroit cTOpoOHBI,
YBEJUYUBACTCS BCJIEACTBUE IBYX pasiandHbix npuund. (a) [Tepsas npuaun-
Ha CBS33aHA C YMEHBIIIEHIEM PACCTOSTHUS MEXK Y OTPUNATEIBHBIM 3aPAIOM
I u nonsipuzosannbiMu 3apsiaavu 1. (b) Bropast npuanHa COCTOUT B TOM,
YTO KOJIMYIECTBO MOJIIPU30BAHHBIX 3apsiI0B Ha I ] Tak»Ke BO3pacTaer, KOria
paccrognue mexiy I u I1 ymenbinaercs, kak B pazzene 7.3 (Figure 7.8).
[TockoabKy cumta 3aBACAT HE TOJBKO OT PACCTOSHES, HO U OT KOJTHMIECTBA
3apsJI0B B Tejax, 0oJiee MHTEHCUBHAS HOJISIPU3AIINASA BEJET, COOTBETCTBEH-
HO, K OOJIbIIIEll CHJie IPUTS?KEHUsI. JTO O3HAYaeT, 4To eciau teua [ u 11
PACITIOJIOZKEHBI OYeHb OJIU3KO JPYT K JIPYTY, MEXKJIy HUMHU MOXKET COXPa-
HATHCS CyMMapHOE IIPUTSKEHNE, JIarXkKe eCJIU Kaxk/l0e U3 ITUX JIBYX Tell
nMeeT CyMMAapHBIi 3apsiyi oHoro 1 Toro ke 3uaka (Puc. 7.35 (b)).

Fro R Fa Fr
S t
<UL N <UL -
) Py o4

(@) (b)

Puc. 7.35: (a) Cuna orrankusanusi |Fr| Gosble, deM cuita nputsikenus Fy.
(b) C ymeHBIIIEHHEM PaCCTOSIHUSI MEXKJLy JBYMs Tejqamu, F4 BospacTaer GbICT-
pee, yeM |Fg|. 31ech npejicTaBieHo HEGOBINOE PACCTOSIHIE, JJIsi KOTOPOIO CHJIA
MIPUTSIYKEHNST CTAHOBUTCST OOJIBITIE, Y€M CHJIa OTTAJKUBAHIS.

3Hak pesyabTUpYoIel cuibl (To ecTh OyIeT JIn OHA TPUTSITUBAIOIIEH N
OTTaJIKUBAOIIEH) GyIeT 3aBUCETh OT BEJMYHH 3apsiJIOB, PACCTOSIHUS MEXKJLY Te-
JlaMu, uX GOPMBIL, UX PA3MEPOB U MX JIEKTPUIECKUX CBOMCTB (TO €CTh SABJISAIOTCS
JI OHU IPOBOJHUKAMHU WJIN M30JIATOPAMHM, TAK KAK ITO BJNIET HA CTEIEHb MX
[OJISPU3AIHN ).

Cam [drode 3HAI, YTO, B ONPEIEIICHHBIX YCJIOBUIX, JBA TeJla, SJICKTPH30BAH-
HbIe 3apsi/]AMU OJIHOTO 3HAKA, MOTYT IIPUTATUBATH JAPYT JApyra:’

9|DF, ctp. 265].
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JIJ1sT yCTIENTHOTO TPOBEIEHNST ITUX IKCIIEPUMEHTAX [0 MIPUTSIKEHUTO
l\le)K)]‘y HpOTI/IBOHOﬂO)KHO SapH)KeHHbIMI/I TeJlaMUu, 1 OTTAJIKUBAHUIO
MezKJly TeJIaMU C OJUHAKOBBIMU II0 THILY 3apsiiami], JBa Teja, pac-
[TOJIOYKEHHBIE PSIJIOM JIPYT C JIPYTOM, YTOOBI BBISICHUTD UX JIEKTPUYIe-
CKHe CBOMCTBA, CJIejyeT HA3JIEKTPU30BaTh KaK MOXKHO CUJIbHEE; n0o,
€Cc/Ti OHO W3 HUX BOOOIE He 3apsi?KeHO, WU CJ1ab0 3apsiKeHO0, OHO
OyJIeT TPUTITUBATHLCS JPYIHUM, JIaske eCJId MEPBOe TeJI0 TOrO BHJIA,
9TO [ecim XOpOIIO MOTEPeTh|, eCTECTBEHHO, JOIZKHO OTTAJIKUBATH-
cst ot Broporo. Ho skcriepumenT Beerjia OyJeT yCHemHbIM, ecaun 00a
TeJia JOCTATOYHO XOPOIIO HAJIEKTPU30BAHBDI.

SHI/IHyC cJeJiaJl IIEePpBYIO IIOIBITKY MaTeMaTUYeCKOI'O O6'])5{CH€HI/IH OPUHIA-
MUaJIbHON BO3MOYKHOCTH MPUTSIZKEHUS MEXKJy TeJIAMU, 3apsi>KeHHBIMU 3aPsia-
mu oxHOTO 3HaKa. OH MOKa3aJl TEOPETUIECKA U IKCHEPUMEHTAJBHO, UTO €CJIU
JIBa TeJia, HA3JIEKTPU30BAHHBIE 3apsJIJaMU OJHOTO 3HAKA, MOJHECTH JTOCTATOTHO
6IM3KO JPYT K JPYTY, WK €CJU OJUH W3 3apsjIiOB 3HAYUTEHBHO cjiabee JIpy-
roro, 3pdeKT B3aNMHON MOJAPU3AIINNA MOXKET 0Ka3aThCs JOCTATOYUHBIM, ITOODLI
U3MEHUTH OTTAJIKMBAHUE Ha IpuTsKenue.'”

Mpr me OyzmeMm 3/1eCch BIABATHCSA B MOJAPOOHOCTH, HO COBPEMEHHBIH MaTeMa-
TUYECKUI AHAJIN3, YKA3BIBAIOIINI HA YCJIOBUsI, IPU KOTOPBIX OHOUMEHHO 3a-
psi’KEHHBIE TeJjia MOI'YT IPUTITUBATH JPYT JAPyra, MOXKHO HallTw, HAIpUMED, B
pabore Maxkcsesia, B crarbe Mesiexu n B Kuure Jzkexcona,. 't

7.11 IIpoBoamMoOCTh BOIbI

B paznene 6.3 MBI Bujesau, 4TO IpecHAsT BOJA Pa3psKaeT IIEKTPU30BAHHBIMN
3JIEKTPOCKOII. DTO 03HAYAET, YTO OHA BejeT celsl KaK ITPOBOIHUK JIJIsi OOBIU-
HBIX 3JIEKTPOCTATUIECKUX IKCIEPUMEHTOB, ONMUCAHHBIX B 3TOi KHure. C mapy-
ol CTOPOHBI, KOT/Ia OHA MOJABEPTAETCS BO3JENCTBUAIO PA3HOCTH ITOTEHITNAJIOB OT
HECKOJIbKMX BOJIBT JI0 HECKOJIbKIX COTEH BOJIBT, OHA BeJeT cebs KaK MU30JISATOD,
KaK MbI Bujiesiu B pasjene 6.6. B sxkcriepumenTax paszena 2.5 Mbl UMEEM JIeJI0 C
Pa3HOCTHIO MOTEHITUAJOB B HECKOJIBKO THICSY BOJIBT, KOTJIA BOJIa BeJleT cedst Kak
MpOBOIHUK. Takoe MmoBeileHne BOJIbI CBSI3aHO C pasHbiMu npuanHamu. Qa0 u3
TIPUYIUH SIBJSETCS TO, UTO B €CTECTBEHHOM COCTOSHHUH IIPECHAs BOJA COJIEPZKHAT
noJstoxKuTe bHbIe nonbl, H3OV, u orpunarenbubie nonsr, OH ~, B Iom0JHEHTE K
moutekynaMm HsO. Kpome Toro, mpecnast Bojia COJEPKUT MHOI'O COJIEll, MUHEDA-
JIOB U TIPUMECH, KOTOPbIe U300UIYIOT B JIEKTPUICCKHU 3aAPIKEHHBIX TaCTHUIAX,
Ha3bIBAEMBIX TaKKe MOHAMHU. B MIPUCYTCTBUN BBICOKUX PA3HOCTEN MTOTEHIINAJIOB,
9TU 3JIEKTPU30BAHHBIE MOHBI ABIKYTCA B BOJIe, IpUIaBasl €if CBOMCTBa MPOBOJI-
HUKA.

IIpoananu3upyem Tenepb SKCIepUMEHTHI paszena 2.5. [Ipemxnosoxkum, 9To
KAyl BOIBI B 3KcrepuMmente ['miabbepra, sxcnepumenT 2.10, HaxomuTcst HaL

10[Aep79, ctp. 126 w 315—325], [BWc| u [Heid9, crp. 396—398).
1 [Max81, I'masa VII: Teopus snexTpuyeckux orobpaskenuit, crp. 80—88], [Mel98] u [Jac99,
Pasznen 2.3].
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MIPOBOJIAIIEHl TOBEPXHOCTHIO, KAK JIePEeBO, METaslI, W OOJBINUHCTBO JAPYTUX
TBEPAbIX BEIIECTB. KOFJI& MbI IIOJTHOCUM HATEPTYIO IIJIACTUKOBYIO COJIOMUHKY
O6JIM3KO K Hell, Kaljis MeHsieT CBOK (opmy. To ecTh OHa BBITATUBAETCS B CTO-
poHY HaTeprToil yacTu cojoMku. Ipm Hu3KOM KO3hdUIMEHTe TPEHUST MEXKLy
BOJION M TIOBEPXHOCTBHIO, HA KOTOPON OHA MOKOUTCS, KaIljs MOXKET JIaKe JBU-
raTbcs KaK eJIHOe IeJI0e B HAIpaBaeHnn coJoMKr. Ouupasich Ha MOy YeHHBIE
B 9TOl IJIaBe Pe3yJIbTaThl, MOXKHO IIPOUJIIIOCTPUPOBATH TO, UTO IIPOUCXOTUT B
9TOM 3KCIEpPUMEHTE. ITO clejano Ha Puc. 7.36. [Ipemamonoxkum, 910 COJIOMKA,
ObLIa OTPUIATENIHHO 3apsi?KeHa TPEeHHeM O BOJIochl. Korjga oHa MOIHOCHTCS K
KaIlie, BOJa MOJISIPU3YETCs B IEJI0M, aHAJIOTMIHO TOMY, 9TO MbI BuIeau Ha Puc.
7.29. To ecTpb, OHA CTAHOBUTCH IMOJIOKUTEIHLHO 3aPsAKEHHON B TOI YacTH, KOTO-
past HaXOIUTCs OJIMKE BCEro K HATEPTOM COJIOMKE, U OTPHUIIATEHHO 3apAKEHHOI
B HamboJIee YJIAJCHHOM 9acTH, KOTOPas HaXOIUTCS B KOHTAKTE C CyXOH IOBEpX-
HOCTBIO. [[OCKOIBKY MBI TIPEJIITOIOKUIN C CAMOTO HAYaJa, YTO UMEEM JEeJOo C
IPOBOILIION TBEepAOH MOBEPXHOCTBHIO, UMEET MECTO 3JIEKTPUYeCcKas HeATpasin-
3aIdsl TOW YACTH BOJIBI, KOTOPas HAXOJUTCS B KOHTAKTE C TOBEPXHOCTHIO. DTO
aHAJIOTUYIHO 3a3eMmyeHuio Ha Puc. 7.20, 7.22 u 7.30. B utore Bozma B 11€710M 3J1€K-
TpU3yeTcsl, T.e. OHA II0JIydaeT CyMMapHBIN IIOJI0KATEIbHBIN 3apsiy], IIPOTUBOIIO-
JIOXKHBII 110 3HAKY 3apsry Ha cosioMke. [[0CKOIbKY 3apsi/Ibl IPOTHBOTIOIOXKHOTO
3HAKA MPUTSITUBAIOTCS, KAILIA J1eOPMUPYETCsl U yKA3bIBAET B CTOPOHY HATEp-
Toit comomku. OHA MOXKET [arke JBUTAThCS K Hell Kak IesIoe.

Puc. 7.36: Durekrpudeckue 3apsibl Ha Kalljle BOJIbI, HAXOJSIIENHCS PSJIOM C Ha-
TEPTON IJIACTUKOBON COJIOMKOI.

To ecTb MBI CUMTAEM, YTO TAKOE ITOBEJIEHUE KAILINA BOJIbI HE €CTh IIPOCTO CJIEI-
CTBHE OPHEHTAIMM WM OPraHU3AIUK IOJIFAPU30BAHHBIX MOJIEKYJI BOIBLI (XOTs
mostekyia HoO He mMeeT cyMMApHOrO 3apsijia, OHa €CTECTBEHHO MOJISIPU30BaHA,
HAIOIO0UE [IOCTOSTHHOIO 3JIEKTPUYIECKOr0 AUI0JIs ). Fcau Obl IMeJI0 MECTO TOJIb-
KO BBIPABHUBAHUE UJIU [T€PEOPUEHTAIINS [TOJIIPHBIX MOJIEKYJ B BOJIE, BCJIEICTBUE
HAJIMYHs TT0OJIM30CTU HATEPTOI COJIOMKH, Mbl HMeJIH ObI HEYTO, [T0I00HOE TOMY,
410 mokaszaHo Ha Puc. 7.31 (a). Bmecro 91010, Karxkercsi, pasyMHee CKa3aTh, 4TO
KAILIS BOJBI, MTOKOSIIASCS Ha ITPOBOISINEH TOBEPXHOCTH PsIJIOM C HATEPTOH CO-
JIOMKOIi, B I[eJIOM mprobpesia cCyMMapHbIil 3apsia. Kpome Toro, 3Tor cyMMapHbIit
3aps/ Ha Kalljle JOJKEH OBITh IPOTHBOIIOJIOXKEH 0 3HAKY 3apsi/ly Ha HATEPTOI
COJIOMKE, KaK mokasano Ha Puc. 7.30 (c).

Heuro ananoruynoe npoucxoaur B sxkcuepuMente esarioiibe (IKCHepruMeHT
2.8). EcTh HOTOK NpecHOl BOJIBI U3 KpaHa. V3-3a BBICOKOH PA3HOCTHU MOTEHIMA-
JIOB B 9TOM 9KCIIEDUMEHTE, TOTOK BOJIbI BeJeT celst KaK IMPOBOIHUK. KpoMme Toro,
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HEMPEPBIBHBIN TTOTOK BOBI 3a36MJIEH Uepe3 KOHTAKT C METAIMIECKIM KPAHOM,
KOTOprﬁ HaXO/IUTCdAd B KOHTaKTe C 3eMJIe. Hpe‘ZLIIOJ'IO)KI/HVI, YTO MBbI IIOJHOCHUM
OTPUIIATEILHO 3aPSI?)KEHHYIO IIJIACTUKOBYIO COJIOMKY K IOTOKY BOjbI. IloTOK BO-
JIbl BHAYAJe [OJSPU30BaH (B pe3yJbTaTe NBUKEHUS IPUCYTCTBYIONIUX B BOJE
noHoB, Takux kak H3O" u OH ™, B IPOTUBOIIOJIOKHBIE CTOPOHBI), KaK Ha Puc.
7.29. Hactp noToka OJinzke K OTPHUIIATE]HHON COJIOMKE TIOJIOKUATEIHHO 3apsiKar-
ercsi. C JIpyroii CTOpOHBI, OTPUIATE/IbHbIE 3aPsJbl, HAXOIAIIUECS B JaJIbHEN
YaCTH [TOTOKA, HEATPAIM30BaHbI 38 CUET 3a3eMJIEHUsI TOTOKA BOJIbI. DTO aHAJIO-
rugHO 3a3eMyennto Ha Puc. 7.20, 7.22 u 7.30. Ilo 3Toit npuynHe, IMOTOK B IEJIOM
JOJIPKEH CTATh IMOJIOXKUTEJIBHO 3aPSKEHHBIMA, TJIABHBIM 00pPa30M B TOI 9acTH,
KOTOpas HAXOAUTCSA OJIMKE K OTPUIATETHHOI cojoMmKe. Torma BO3ZHUKAET MPH-
TsIPKEHIE MEYK/Iy OTPUTIATETbHBIMU 3apsilaMU TJIACTUKOBONW COTOMKHU U TTOJTOXKH-
TeJIbHBIMU 3apsiiaMu B 1oToke. CJie10BaTeIbHO, MOTOK IEJIMKOM CKJIOHSIETCST K
coyioMke. Puc. 7.37 wiumiocTpupyeTr pacipe/iesieHue 3apsioB BIOIb TOTOKA BOJIbI.

Puc. 7.37: DnexTpudeckue 3apsaabl B TOTOKE BOILI BOJIU3U HATEPTON IIJIACTUKO-
BOI COJIOMKH.

7.12 MoxkHO Jid 3JIEKTPU30BaTh BOJY?

Bona Bemer cebst Kak MPOBOJAHUK B OOBIYHBIX IKCIIEPUMEHTAX IJIEKTPOCTATHU-
ku. Cire1oBaTeIbHO, €€ MOXKHO JIEKTPU30BATH TOYHO TAKUM Ke 00pa30M, Kak
9TO JIeJIaeTCs ¢ OOBIYHBIME TBEPJBIMY IIPOBOIHUKAMU. J[JIst 3TOrO0 BOMY CJieiryer
JIEpKATh B U30JUPYIOMIEM COCYJIe, KOTOPBIN MPEJOTBPAIIAECT YTEUKY JICKTPH-
YECKOT'0 3apsiJia B 3eMJIIO.

Kak o6cyxnamocs B pasmeste 7.11, B skciepumenTe ['mipbepra Boga B HEOOIb-
IIIOM KOJIMYECTBE HIPUTATMBAJIACH K HaTepToMy sHTapio. [lo-Bumumomy Boma B
1eJIoM ObLjIa HAdJIEKTPpU30BaHa B 9Toi curyaruu. Ho I'masbepT He anaansupoBal
BO3MOXKHYTO 9JIEKTPU3AIUIO BOJIBI B 9TOM CJIydae, OH IPOCTO HAOIIOIa hakT ee
nputsizkeHusi. Boamoxk#ao 'peit 6bLT TIEPBBIM, KTO HA3JIEKTPU30BaJj Boay B 1731
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rojLy, ¥ HOATBEPAMII ee djeKTpusanmio.'? OH pasMecTHI BoLy Ha HU30MPYIONeM
OCHOBAHUU, M3FOTOBJICHHOM M3 CMOJIbI WJIA CTEKJIa. 3aTeM OH IIOJIHEC JIEKTPH-
30BaHHyI0 TpyOKy 3 mim 4 paza 6iu3ko K Bogze. llocie aToit mporeaypbl, oH
VAU 3JIEKTPU30BAHHYO TPYOKY MoabIe oT Bojbl. 1Ipubimkast moaBecHyto
HUATH K BOJZIe, OH OOHAPYKUJI IPUTSKEHNE HUTH BOJOW. JTUM OH JIOKA3AJ, ITO
BOJIa, ObLTa HARIEKTPU30BAHA 3aPKEHHON TPYOKOM, KOTja OH IOJHEC TPYOKY
6m3K0 K Bojsie. MexaHn3MoM 3JIeKTPU3AIMH B JIAHHOM CJIydae, BEPOSTHO, ObLIN
He3aMeTHbIe UCKPhI MeXK, 1y TPYOKON U BOZOH. DTO BBI3BAJIO IIEPEHOC 3apsijia OT
TpyOKHU K mpoBoisieit Boge. Boga mMoria yaep:KaTh 3TOT IpUOOpPETEeHHBIN 3a-
psia Gsraromapst TOMY, 9TO OHa HAXOAWJIACH HA M30JIMpYIomeit moamepxkke. lrode
HO33Ke TIOITBEP/III STOT SKCIePUMEHT. '3

C HEKOTOPBIMU MOIUMDUKAIUAME, MOXKHO BOCIIPOU3BECTH MHOTHE SKCIIEPH-
MEHTBI [JIABBI 7, UCIIOJIb3Ysl BOIY B IJIACTHKOBOM COCYJE€ B3aMeH TOHKOI'O Kap-
TOHA, TPUKPEIJIEHHOTO K ILUIACTUKOBOI coJioMKe. PoJib mpoBOgHUKA TOKa Oy-
T UCIIOJIbHATH B 9TOM CJIydae BO/Ia BMECTO KapToHa. llmacTukoBelit cocyn Oy-
JIeT MIPEJOTBPAINATE 3a3eMJIEHUE BOJIBI TOYHO TAKXKe, KaK IJIACTUKOBAsS COJOMKA
M30JIMPOBAJIA KAPTOH 3JIEKTPOCKOIIA.

7.12.1 DuaekTpocraTudeckuii reneparop KeigbBuHa

OnuH U3 caMbIX UHTEPECHBIX YKCIIEPIMEHTOB, OKA3bIBAIOIINX, YTO BOJIA BEIET
cebsi KaK IIPOBOJHUK B OOBIYHBIX JIEKTPOCTATHIECKUX YCAOBUSIX, OBLI IIPOBEJIEH
V. Tomconom B 1867 rony (nmopn Kesssun) (Puc. 7.38).

Puc. 7.38: V. Tomcon (stopx Kenbsun) (1824—1907).

OH nocTpon npubop, U3BECTHBII KaK 3JIEKTPOCTATHIECKHI reHepaTop Kesib-
BHUHA Ha IaJalomel Kamie BoabL 4 Mbl oImmIIeM 3/ech MeXaHu3M PaboTHl 3TOTrO
reneparopa. [lepBonadaibHO BOJIAa TOMEIAETCS B U30JUPYIOMIAI COCY, HAIIPH-
Mep, IUIACTUKOBYIO YAIKY. B HIUKHEN YaCcTH JalllKA UMEeTCs OTBEPCTUE, KOTO-
pOe HaXOAUTCs B 3aKPBITOM COCTOSIHUM B HadaJje dkcuepuMmenTa. Mbl mpukper-

12[Grad] u [Hei99, cTp. 253].
13|DF33a, crp. 34| u [DF33c, cTp. 84].
14[Tho], [L10o80] u [CA0S].
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JISTeM METAJIJIMTIEeCKOe KOJIBIIO K YalllKe C IIOMOIIBIO M30JIMPYIOIEr0 MaTepua-
sa. KoJsbIio JIOMKHO HAXOAUTHCSI OUeHb OJIM3KO K OTBEPCTHUIO, HA PACCTOSHUN
HECKOJIbKUX CAHTHMETPOB OT Hero. Mbl HaTHpaeM MJIACTHKOBYIO COJIOMHHKY O
BOJIOCHI, YTOOBI 3apsIUTh €e OTPHUIATENBHO. 3aTeM [ApanaeM OTPHIATEeTbHON
COJIOMKO} METaJUIMIECKON KOJIBIIO, YTOOBI 3aps/IUTh €r0 OTPHIATEIBHO, HOCTIe
9ero yiasaseM IIACTHKOBYIO COJIOMKY IOJAJIbINe OT Kousblia. IIoCKOIbKY BOJa
BeJleT cebs KAaK IIPOBOJIHUK, OHA IMOJISAPU3YETCS HAXOMSANUMCS dyTh HUXKe Hee
OTPHIATENBHBIM KOJIBIIOM. HIZKHSISI 9acTh BOJIBI 3apsi?KaeTcsl TI0JIOXKUTEIIBHO, B
TO BpeMsl KaK BepXHsisl 4aCTh, KOTOpasl HAXOIUTCS B KOHTAKTE C BO3/yXOM, CTa-
HoBUTCs oTpunaresnsHoil (Puc. 7.39 (a)). 9To aHAJOIMYHO MOJISPHU3AINM, OIU-
cannoit Ha Puc. 7.29.

=
1 1]

(2) (b)

Puc. 7.39: (a) Honapusanus Bojgsl orpuaTeabHbiM KobiioM. (b) IMagarorre
KAIUIU BOJIbI HAJIEKTPU30BAHBI [OJIOZKHUTEJILHBIME 3aPSIAME.

[Tocsre orpunaTeIbHON JIEKTPU3AIUN KOJIbIIA, MBI OTKPBIBAEM OTBEPCTHE.
Kammm BosibI T0/2KHBI IPOXOJUTD Yepe3 KOJIBIIO, He BCTyIas B KOHTAKT C HIM.
Hukusist 9acTb BOJBI B BEepXHEM COCyJle 3apsizkeHa moJiozkurenbHo. CrenoBa-
TEJIbHO, KAIUIM TOXKEe OY/IyT 3apSKEHBI MOJIOXKUTEIHBHO. DTH ITIOJOKUTETHHBIE
KallJIi MOIAJal0T 3aTeM BO BTOPOI M30JMPYIOMINI COCY, PACIOJIOKEHHBINA O/,
koabiioM (Puc. 7.39 (b)). Tloka Boja Karaer, KOJIMIECTBO 3apsiJIOB, HAKOIIIEH-
HBIX B HIDKHEM cocyJie, pacteT. Ha 3ToM pucyHke NoKa3aH B OOIUX HepTax
MeXaHu3M paboThl reHepaTopa KeabBuHa.

leneparop KenbpBuHa, Kax mpaBumiio, cHaOXKeH IByMsi Karejgbaunamu. -
HO KOJIBIIO 3apsZKEHO TIOJIOXKUTENBHO, a apyroe orpunarensHo (Puc. 7.40). Me-
TaJUIMIECKU [TPOBOJI, ¢ METAJUINIECKON cepoil Ha BEepXHEM KOHIIE, KPEIUTCs
BHYTPHU KaxKJIOTO HUKHEro cocya. Merasmaeckue cdepbl JTOKHBI OBITH pac-
[IOJIOZKEHBI O4€Hb OJIN3KO APYT K JIPYTY, HA PACCTOSHUY B HECKOJIBKO MUJIIMMET-
pos. Kamin Bogpl, mamamoiime 9epe3 OTPHUIATEHHOE KOJIBIO, 3aPIzKEHbI I0JI0-
2KATEJIBHO, B TO BPeMs KaK KaIlIM, IIa/Ial0IIe Yepe3 MIOJI0KUTEIbHOe KOJIbIIO,
3aps?KEHBI OTPUIATEIHHO.

Co BpemeHeM, KOJTHIECTBO 3aps/[0B, HAKOIUIEHHBIX B KayKJONH U3 HUXKHUX
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Puc. 7.40: Hagansuas daza paborsr remeparopa Kenbpuna.

cocyi0B, pacrer. CJ1e0BaTeIbHO, PA3HOCTD MTOTEHIIUAIOB MEXKLY JIBYMsI METAJI-
JmaeckuMu cdpepamu Takxke ysesnuupaercs. Cyxoil BO3IyX, KakK IPaBUIO, sB-
JISIETCST XOPOIIMM H30JIITOPOM, OCOOEHHO €CJIM MHTEHCHBHOCTD 3JIEKTPUIECKOM
CHJIBI HUZKE OIPEJICIEHHOTO Tpeaena. Korna cnia, mpuxoadmasicst Ha €JAHUILY
3aps/a, BBIIE, 9€M 3TOT IIPEeJes, OH CTAHOBUTCA IPOBOJHUKOM M ITPOMCXOIUT
UCKPOBOIi pa3psij] 4epes3 BO3/LyX. DTOT IIPeiesl HA3BIBAETCS TPOOOEM IJIEKTPUIE-
CKOTO IT0JIs WA KOPOHHBIM 1IpoboeM. IIpu aTMocdepHoM J1aBJIeHIN ero 3HaYeHIe
pasHo npubmusuTensro 3 X 106 B/M. Korga smexTpudeckas cuiia Ha eUHUILY
3apsa B 00JaCTh MEeXK Ly IByMst chepaMu MPEBOCXOIAT STOT MPEJIE, IIPOUCXO-
JIUT 3J1eKTpudecKuil paspsy depe3 Bo3ayx (Puc. 7.41).

Puc. 7.41: DuexkTpudeckuil paspsi MeXKJy ITPOTUBOIOJIOKHO 3apsizKeHHBIMI
cepamu.

B pesynbrare paspsizia, TpOUCXOAUT HEATPAIU3AIUS IPOTUBOIIOIOXKHBIX 38~
PSIOB, KOTOPBIE ObLTM HAKOILJIEHBI B HUYKHUX COCY/IaX. KC/In KA IpoI0IKaioT
[a/1aTh [IOCJIE UCKPBI, IIPOIECC IIOBTOPSIETCS, KaK 1oka3ano Ha Puc. 7.40 u 7.41.
BpemenHoi nHTEpBaJ MeXK/y JBYMs II0CJI€/I0BATEIbLHBIMA UCKpaMU, OyIeT 3a-
BHUCETHb OT YaCTOTHI MIAJIEHUs KAIEJIb, PACCTOSTHIS MKy METAJIMIECKUME ce-
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paMu, KOJUYIECTBA 3aPSAI0B HA KOJIbIAX U PACCTOSHUS MEXKJy KOJIbIIAMH U Ka-
nejgpHANIAMU. Kak 1paBuiio, HICKPOBO pa3psij] MPOUCXOIUT Kaxkple 10 cekyH .
Paspsizbr OyayT mpoao/iKaThes 10 TeX IOp, IMOKa BO/A KAIIAET.

DTOT IKCIIEPUMEHT JIEMOHCTPUPYET J[Ba BaXKHBIX MOMEHTa. Bo-IIepBBIX, BO-
a BeJieT cedsi KaK MPOBOIHUK B OOBIYHBIX IKCIEPUMEHTAX IJIEKTPOCTATUKHI, KAK
MBI BUJIeu B pasnenax 6.3 u 7.11. Bo-Bropsix, eciin nuMeeTcst 3apsi>KeHHOE TeJI0
PSAIOM C TIAJAIOTIIIMU KATLISMU, KAIJIA BOBI TTOTYIAIOT 3apsi/l, TPOTUBOIIOIOXK-
HBIH 110 3HAKY 3aPsJIy 9TOTO TeJja.

7.13 IIpoBogumMocTh BO3/yXa
DKcrepuMeHT 7.25

DJIETPOCKOIT JIETKO 3JIEKTPU30BaTh B CyXyIo MOroiy. Jlocrarouno morepersb
IJIACTUKOBYIO COJIOMUHKY O BOJIOCHI, & 3aTEM IOIaparaTh 3TOM COJIOMKON Kpait
TOHKOIO KapTOHA 3JIEKTPOCKOINA, KaK MbI jejaju B dKkcuepumente 6.2 (Puc.
6.5). DJIEKTPOCKOII OCTAETCS 3aPI?KEHHBIM B T€UEHHE HECKOJIBKUX CEKYHJ| WU
HECKOJIBKMX MHHYT TIOCJI€ 3TOH MPOIEAypPhl. DTO O3HAUAET, 9TO CYyXOU BO3JYX
SIBJISIETCS] XOPOIIIMM H30JISTOPOM.

Ho on He saBisgercs mieaabHBIM JIUIJICKTPUKOM. depe3 HECKOIbKO MUHYT
3JIEKTPOCKOIT TTOJTHOCTBIO Pa3pPsizKaeTcsi, KaK Mbl BHJIEJN B dKcuepuMenTe 6.21.
B mrobom citydae, B coorBeTCTBUU C OmpejeseHneM u3 moapasnesa 6.7.1, ero
MOXKHO PaCCMATPUBATH KaK XOPOIIH U30JIATOD.

OKcriepuMeHT 7.26

DKcrepuMeHT 7.25 TPOBOIUTCS MOBTOPHO B BJIAYKHYIO TIOTOY WJIH JOKJIJTH-
BbIll feHb. [losoca 31eKTPOCKOIA OCTAeTCs B HOHITOM COCTOSHUHU, KOTJA MBI
IapamnaeM HaATEePTOIl COJIOMKOI Kpail KapTOHAa 3JIEKTPOCKOIIA, KaK IOKAa3aHO Ha
Puc. 6.5 (b).

MpI 3aTeM ynaasgeM HATEPTYIO COTOMKY. BCKope mocite 3Toro, moJjoca majiaeT,
BO3BPAIIAsCh B UCXOHOE IIOJIOXKEHUe, Kak oKazaHo Ha Puc. 6.5 (a). Yem Bbire
BJIAYKHOCTH BO3/yXa, TeM ObIcTpee Oy/IeT IPOUCXOIUTH Pa3PsIKa JIEKTPOCKOIIA.
B 3aBucmMocTH OT cTeleHN BIAXKHOCTH, BO3/IyX MOYKET BECTHU Ccebs KakK IJIOXOil
WJIH XOPOIU MPOBOJHUK. VIMEHHO IPUCYTCTBHUE BOJIBI B BJIAYKHOM BO3JIyXe 3a-
CTaBJISIeT €ro BecTu cebsi KaK IIPOBOIHUK, MO0 CaMa BOJA SIBJISIETCS] XOPOIITNM
IIPOBOJIHUKOM [1JIsi OOBITHBIX IKCIIEPUMEHTOB IJIEKTPOCTATUKU, KAK OIMCAHO B
pazzene 7.11.

OKkcriepuMeHT 7.27
Cy1ecTByeT ere ofiHa MPOCTast MPOIEypa, KOTOpas MOYKeT MOBJIMATH Ha
n30/IMpyIoNIee CBOMCTBO Bo3ayxa. Mbl moBropsiem sKcriepuMenTs! 6.2 u 7.25 B

CYXYIO TIOrOJTy. DJIEKTPOCKOI M3HAYAIBHO JIEKTPpU30BaH. Ero mosoca npumos-
HATA, KAaK NOKazaHo Ha Puc. 7.42 (a).
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Puc. 7.42: (a) Duexrpusosanssbiii ssektpockorn. (b) Iosoca mamaer B Teuenune
HECKOJIBKUX CEKYHJI, €CJIM 3a3KeYb CIIYKY WJIU 3aKUTAJIKY B €6 OKPECTHOCTH.
(c) Tocse yaaneHust ClIMYKH, MOJI0CA OCTAETCS B BUCIIEM IOJIOKEHUH.

Mpb1 3a:KuraeM CHOMYKY WA 32 KUTAJKy B HEIIOCPEICTBEHHOH OJIM30CTH OT
JIEKTPU30BAHHOTO 3JIeKTPOCKoIa. Ilosoca najaer B TeueHHe HECKOJIbKUX Ce-
kyHy (Puc. 7.42 (b)). Iosoca He noganMaercs mocie ynajaenusi conakn (Puc.
7.42 (c)).

DTOT FIKCIEPUMEHT ITOKA3BIBAET, UTO JIEKTPOCKOII PA3PSZKAETCST OU€Hb OBICT-
PO B IIPUCYTCTBUM PSAJIOM IIJIAMEHH.

CoBpemeHHOE 00BbACHEHHE ITOTO SBJIEHHS] COCTOUT B TOM, YTO IIJIAMS CHJIBHO
YBEJIMIMBAET HOHU3AIMIO Bo3tyxa. C yBeJMIeHneM I1CIIa TIOJBUKHBIX [OJIOKNI-
TeJIbHBIX U OTPUIATENIBHBIX 3aPsJIOB B BO3/YXe, STH HOHBI OBICTPO HEATpaAIn3y-
10T 3apsijibl B ssieKTpockone. C yBearmdeHreM IPOBOIMMOCTU BO3/LyXa, JIEKTPO-
CKOII TaK¥Ke PaspsrkKaeTcs B 3eMilo depe3 pykn. OroHb HpeBpaIaeT BO3JyX B
XOpOIIHUH IPOBOJIHUK.

7.14 Kak pa3psaanThb 3JIEKTPU30BaHHBII N30JIATOP?

3azeMJIeHIe — CaMBIl IPOCTOM CIIOCO0 PA3PSIIKHU JIEKTPUIOBAHHOTO ITPOBOHHU-
Ka, KaK MbI Bzieau B paszaenax 4.5, 6.2 u 6.3. s 9T0r0 10CTATOYHO IPUBECTH
IIPOBOJIHUK B KOHTAKT C 3emJeil. JIpyroit crocob cOCTOUT B COEIMHEHUH JIEK-
TPU30BAHHOTO IIPOBOJHUKA C 3€MJIEH Uepe3 IIPOBO/IAIINEe BEIECTBO (HAIPUMED,
YEJIOBEUECKOE TEJIO WM METAJINIECKUTl IIPOBOJ).

Ho mbr HE MOXKeM Pa3PAIUTh SJIEKTPU30BAHHBII N30JISITOP TAKIM CIOCOOOM.
DTO BHJIHO HA IIPUMEPE SKCIIEPUMEHTA ¢ 3(PHEKTOM sTHTapst, KOTOPBIii JIaJT Havda-
JIo HayKe 00 ajieKTpudecTse, pasjaensl 2.1 u 2.2. Ha Puc. 2.3 MbI BujinM HaTEpTYIO
COJIOMKY, KOTOpasi IPUTIruBaeT HeboJibIme Kycouku oymaru. [lnacrukoByto co-
JIOMKY MBI JIEp’KUM B PYKe, KOTJIa OHA IIPUTATHBAET Kycouku Oymaru. Hecmorps
Ha 9TO, COJIOMKa He paspsizkaercs. Kak ommcano B pasmese 7.1, 3T0 ofHO U3 0oc-
HOBHBIX Pa3JINYnil MeXKJy IIPOBOJHUKAMU U U30JIATOPAMH.

OdKcrepuMmeHT 7.28

ILnacTukoBas cosiomka, TPpeTCd O BOJIOCHI, IIOCJIE€ Yero COJIOMKa HaAYUHaET IIPpU-
TAI'MBaTb 6yMa}KKI/I, KaK B 3KCIIepuMeHTe 2.1. 3aTeM MBI ILITAEMCS 3a3€MJIATh
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coJIOMKY. JIjIst 9TOro MBI COeUHSIEM MEeTaJIIMYECKO ITPOBOJIOKOI 3eMJIIO C O/I-
HUM U3 HATEPTBIX yIacTKOB cojioMku. [locite 3Toit mporeayphl, MeTaLITHIeCKast
IIPOBOJIOKA yAaJiseTcs. Mbl CHOBa TIOJIHOCUM COJIOMKY K MAJICHBKHUM KYCOUKaAM
Oymaru. 3amMeTuM, YTO COJIOMKA IO-IIPEXKHEMY IPUTITUBAET ITU OyMaXKKU.

Herpyamo ommcarh T0O, 9TO MPOUCXOIUT B STOM IKCIEPUMEHTE. 1TOJIHKO KOH-
KPETHBII y49aCTOK IIJIACTUKOBOI COJTOMKHM, KOTOPBIit BCTYIIMJI B KOHTAKT C MeTaJl-
JITYECKOI IIPOBOJIOKOM, Pa3psauiIcs B 3eMJI0. To eCTh Ipyrue HaTePThIE YIaCTKI
COJIOMKU He Pa3psIUIINCh Yepe3 TO JIEKTPUYecKoe 3a3eMileHrne. B KoHIle KOH-
IIOB, 9TU 3apsA/bl HE MOTYT JBUI'ATbCS Yepe3 COJOMUHKY, IIOTOMY HYTO IIJIACTUK
ABJIAETCS OYEHb XOPOIINM H30JITOPOM.

B crenyromem skcrnepuMenTe MbI YBUIUM TPH CIIOCODA PA3PSIKU SJIEKTPHU-
30BaHHOI'O U30JIATOpA.

OKcriepuMeHT 7.29

Tpu nIacTUKOBBIE COJIOMUHKH B PAaBHOI CTEIEHH 3aPsKAIOTCS TPEHUEM O
BoJtockl. Hazosem ux comomkamu I, [T u I11. Tlocre samekrpusaiyu, cooMu 11
u [1] nepxKarcs BepTUKAJIBHO Ha OTIEJIBHBIX U30JIMPYIONIUX OI0pax, HaIoobue
TeX, Ha, KOTOBIX CTOSAT 9JIEKTPUIECKIE MAsITHUKN. B KadecTBe Omop MOTYT OBITh,
HaIIPUMEP, CKPENKA B TUIICE WA 0OEJIOM I[eMEHTE, 3aIOJIHSIONEM IIIaCTUKOBBII
crakan4uuk it Kode (Puc. 7.43). C cosomkoii I Mbl HOBTOpsieM KcrepuMent 2.1
7 HAOJII0JaeM, KaK OHA MPUTITUBAET HEOOJbINNEe KycOukn OyMaru Ha OJU3KUX
PacCTOSTHUSIX.

Yepes HECKOJIBKO MUHYT WJIM HECKOJBKO 9acOB, STOT IKCIEPUMEHT ITOBTO-
psieTcst ¢ cojioMKoit 1, KoTopasi TOJIyInsia TOJbKO HAYAJIBHOE TPEHUE BMECTE
¢ conomramvu I n I11. Kak mpaBuio, oHa Oy/IeT IPpUTATUBATD HE3HATUTEIHHOE
KOJTMIECTBO JTUCTOYKOB OyMaru, SsBHO MeHbIIEe, YeM B caydae ¢ cosoMKoit I. Ko-
JINYECTBO KYCOYKOB OyMaru OyJIeT 3aBHCETHh OT MEPHOJa OXKUJIAHUS TIOCTe Tep-
BOI'O TPEHWsI, POJia TPEHUsl, COPTa IJIACTUKA U COCTOSIHUSI TIOTOJbI Ha TEKYIIUil
MOMEHT (B 9aCTHOCTH, OT CTEHEHU BJIAXKHOCTH BO3/YXA).

DKCIepUMEHT TOBTOPsieTcst ¢ cojioMkoit 11 ua ciemyronmuii nqenb. Hukakmx
omeparuit He ObIJIO TTPO/IEIAHO C ITOH COJIOMKOIT TTOC/Ie TEPBOHAYMAIBLHOTO TPEHUST
— BILIOTH JI0 HAYAJIa SKCIIEPUMEHTA. 3aMEeTUM, YTO OHA OOJIbIIIE HE IPUTITUBAET
kycouku 6ymaru (Puc. 7.43).

Byksa F na Puc. 7.43 yka3pBaeT JIMIIb HA TO, YTO COJIOMKA ObLiIa HaTEp-
Ta HECKOJIBKO JacOB Ha3aJ. DTO BCe, YTO OBLIO MPOIETAHO C ITOU COJIOMKOI.
HecmoTps Ha 9TO TpeHuUe, OHA TePsieT CBOIO JIEKTPU3AIIUIO 10 IIPOIIECTBUN JJIU-
TEJIBHOI'O IIEPUO/Ia BpeMeHU. 10 ecTh OHA TepseT CBOIO CIOCOOHOCTH IIPUTSATH-
BaTh HEOOJIBINNE KYyCOUYKHM OyMaru mpu IpubJmKeHbl K HUM. 1lo onpeseneHuto
pasjierna 2.1, 970 03HAYAET, UTO COJIOMKA CHOBA CTAJIA JIEKTPUIECKU HEHTPAJID-
HOI1, KaK 9T0 ObLIO 710 TpeHus. To ecTh OHA TOTEPsLIA CBOIO JIEKTPUBAINIO, UJIU
3apsijibl, KOTOpPbIe OHA MPHUOOpeIa B Pe3yabTaTe TPEHUs. DTH 3aPS/bl YTEKJIN
qepe3 OKPYKAIONINM BO3IYX. XOTS CYXOi BO3yX XOPOIIHUil U30JIATOP, BCE K€
OH He sIBJISIETCSI UeaJIbHBIM JIN3JIEKTPUKOM, KAK Mbl BHJIEJIA 9TO B IOIPA3/IEsIe

6.7.1.

DxkcnepumenT 7.30
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Puc. 7.43: narepras coloMKa TepsieT CBOH 3apsi]] CIIyCTsS HECKOJIBKO YaCOB IIOCTIE
nepBoHavAILHOTO TpeHust. OHa 6OJIbINe He MPUTATUBAET JIEXKAIUE PIJIOM C Heil
HEOOJIBITINE KYCOUKU OyMarm.

OmnuriieM Terepb BTOPOH METOJ, PAa3psIKU SJIEKTPU30BAHHOTO JTUIJIEKTPUKA.

CrepBa MbI HATHPAEM C IIOMOIIBIO BOJIOC TIJIACTUKOBYO cosioMuHKy. OHa mpu-
TATUBAET OyMaXkKKM, Kak B 9kcrepumenTe 2.1. 3aTeM mIacTUKOBasi COJIOMKA I10-
rpy»KaeTcs B COCYJ, HAIlOJTHEHHBIN CBexKeil BOmoit. BbITackmBaeM COJTOMKY u3
BOJIbI, I CHOBA IIOJHOCUM ee 6JIn3KO K Kycoukam Oymaru. Ona 6oJibllie He IpU-
TATUBAET UX, KaK BuHO Ha Puc. 7.43. Kak u B Apyrux sKcrepuMeHTax, COJJOMKY
CJIeyeT MOJHOCUTD K KYCOYKaM OyMaru Tak, YTOObI He OBIJIO KOHTAKTA MEXKIY
mnvu. [Ipu KoHTaKTE, KycOYKH OymMard MOTYT HMPUJIAMHYTH K COJIOMKE BBULY
MIPUCYTCTBYIONIEH Ha Heil Biaaru. MoKHO TakKe OTPAXHYTH COJIOMKY IIOCJIE €€
yIaJeHeHusI U3 BOJbI, WK CAYTh U30BITOK BJIATU C €€ ITOBEPXHOCTH.

DTOT IKCIIEPUMEHT ITOKAZBIBAET, 9TO HATEPTAs COJIOMKA, IIOTEPSIIa CBOIO IIPH-
TATATEIHFHYIO CUJIA TIOC/IE TTOTPYKEHUST B BOJLY. DTO O3HAYAET, UTO BOJIa HEHTpa-
JIN30BaJjIa COJIOMKY. DTa HEHTpan3aIus TOXKe OObICHIETCs TPOBOJAIIEH CIIo-
cOOHOCTBIO cBeXKeit Bobl. Kora Bojia MpUXOUT B TECHBINT KOHTAKT CO BCEMU Ha-
TEPTHIMHU y4YacTKaMH IJIACTUKOBON COJIOMKH, IIOJIYYUBIINMHU 3aps/1 B Pe3yJIbTaTe
TpeHUs, OHA HEATPAIN3yeT TU MOBEPXHOCTHBIE 3apsiIbl, OsIarogaps OOJIBIIOMY
KOJIMYECTBY CBOMX MOOWJIBHBIX TTOJIOXKUTEJLHBIX W OTPUIATEIHHBIX HOHOB. DTOT
9KCIIEPUMEHT OTJINYAETCA OT SKCIEPUMEHTA 7.28 TeM, 4TO 37eCh Y HAC €CTb 3a-
3eMJIEHHE BCEX JIEKTPU30BAHHBIX ydacTKaX HATEPTON COJIOMKHU, YTO BEJIET K
OJTHOBPEMEHHOI HEHTpau3ali BCeX ITUX yIaCTKOB.

OKkcrniepumenT 7.31

Tpernit criocob paspsaaKu JIEKTPUIOBAHHOIO IMJIEKTPUKA TOXKE OUEHD ITPOCT.

Cragaita MBI 3apsi2KaeM IJIACTHKOBYIO COJIOMUHKY TpeHueM o BoJsiockl. OHa
MIPUTATUBAET TOrIa OyMarkKu, Kak B 9kcrepumente 2.1. Mol yrasisem HaTepTyio
COJIOMKY JTAJIEKO OT CTOJIa. 3aTeM MBI 3a2KUTaeM CIUIKY UJIH 3a’KUTAJIKY BOJIM3N
cosioMku. [Tytamst cireryer mogHOCUTD KO BCEM yYAaCTKaM HATEPTON COJIOMKH, KaK
nokazano Ha Puc. 7.44.

BareM MbI CHOBA IIOJHOCUM COJIOMKY OJIM3KO K KycoukaMm oymaru. OHa 60Jib-
e He MPUTATUBAET WX, KaK ITO MOoKaszaHo Ha Puc. 7.43. coloMka pa3psauiach
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Puc. 7.44: Mp1 3axkuraeM COUYKY BO3JI€ HATEPTON COJIOMKH.

B pe3yJibTaTe 9TOH IIPOLEeLyPhl.

Kak wmbr Buzmenu B pasmpeste 2.6, I'mipbepr mepBBIM OMUCAT 3TO SBJICHUE.
OH 3aMeTwI, 9TO IJIaMsl JIUIAeT HATEePThIE BEIIeCTBA MPUCYINeHl UM MpUTAra-
TeJIbHOU cuiibl. BMecTo Toro, 4ro0nl HAO/IIONATH TPUTSIKEHNE WA OTCYTCTBUE
[IPUTSIXKEHUsI, OKA3bIBaeMOe OI0OHBIMU TeJIAMU HA KJIOYKU OyMaru, OH [IPOaHa-
JIN3UPOBAJI BJIUSIHUE HATEPTOTO sTHTAPsl HA IMOMEIIEHHBIN psitoMm BepcopuyM. [To
€ero cjoBaM, “ [HaTepThlil JeKTPUK| He UMEeIoT HUKAKOro 3¢ deKTa Ha Bepcopu-
yM, B IPUCYTCTBHUH PsIJIOM C HUM Ha JIIO0OH cTopone ropsireii jamibl. ” OH 06b-
SACHSJI 9TOT (DAKT TeM, YTO IJIaMsI SKOOBI ITOTPEDJISA UCIyCKaeMble HATEPTHIM
BEIIECTBOM THIoTeTndYeckre Muasmbl. OH 1oJiaraj, 9ro OOBIYHBIE DJIEKTPUYE-
CKHUe CBOICTBA, IPOsIBJIsieMble HATEPTHIM sIHTAPEM, ObLIN CBSI3aHBI C JIEHCTBHEM
3TUX UCHAPCHUI.

B nacrosiiiiee BpeMsi IPUHSATO JIPYTOE TOJKOBAHUE ITOrO sBJjieHus. Mbl mme-
eM 3/IeCh CHUTYAINIO, aHAJOTUIHYIO TOi, 9TO ONKUCAHO B dKcrnepumente 7.27. To
€CTb, IIJIaMs CUJIbHO yBEJINYNBAET MOHU3AIMIO MOJIEKYJ BO3/yXa. Takum oOpa-
30M, BO3/[yX HAUNHAET BECTHU cebsi KaK XOPOIIIHii TPOBOIHUK, OJ1arogapst 60JIbII0-
My KOJIMYECTBY MOJIBUYKHBIX ITOJIOKUTEIBHBIX U OTPUIATE/IBHBIX HOHOB. TecHBbIi
KOHTAKT MEXK]Iy 3TUM MOHU3WPOBAHHBIM BO3YyXOM W BCEMU UACTAMH HATEPTOM
COJIOMKHU HEHTPAJIN3yeT 3apsi/ibl, KOTOPbIE PACIIPEIEIEHBI 110 BCEll TOBEPXHOCTH
mracTuka. TakuM 0O6pa30oM, COJIOMKH TEpSeT MPUOOPETEHHBIE 33 CYET TPEHUs
3apsijbl. [loaToMy OHa OOJIbIIE HE IPUTITUBAET KYCOUYKU OyMaru.

7.15 B kxakoMm ciydyae Kycodek OymMaru mNpuTATu-
BaeTcCs CUJIbHee — KOrjJa OH JIeXKUT Ha U30-
JdATOpE MJIM HA MPOBOJHUKE?

OKcriepuMeHT 7.32

Mpb! BeIOMpaeM ILJIACTUKOBBIH ITaKeT, KOTOPBIH BeJleT cedst KaK M30JIsATOP, TO
€CThb He Pa3PAKaeT IEKTPUIOBAHHBIN JIEKTPOCKOI ITPU KOHTAKTE C HUM. Bhipe-
3aeM HECKOJIbKO KYCKOB M3 9TOI'0 TMAKETa M HECKOJIbKO KYCKOB M3 JIUCTA OyMaru.
3aTeM MBI CO3/aeM JIBE TOBEPXHOCTH: U30JIUPYIOINLYI0 TOBEPXHOCTH, COCTOSIILY IO
U3 IIE€HOIIOJIUCTUPOJIOBOH IIJIACTUHBI, U IIPOBOJLAIILYIO IIOBEPXHOCTDb, COCTOAIIEH
u3 Jsmcra OymMarn (Mim MeTayumdeckoi rtacTunbl). Hafop Kyckos miactuka,
uHabop I, pa3mernaercs: Ha IJIACTUHE U3 [TeHONOIUCTHPOJa. Ha Toil xKe rractune
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MBI TTIOMEIaeM TakxKe Habop dpuryp u3 6ymaru, uabop I, oTaeabHO OT TEpBOit
rpymibl. Ha npoBosiieil oBepXHOCTH pa3sMelaeTcs: JIpyroil Habop U3 KyCKOB
mwractuka, Habop [11. Ha Toii ke mpoBozsineil TOBEPXHOCTH MbI pa3MelaeM
Habop duryp u3 oymaru, rpynna IV, oTne/IbHO OT TPETheil TPYIIIIHL.

ITeper HAYAIOM IKCIIEPUMEHTA, BAXKHO YOEIUTHCS, UTO MAJIEHbKIE KYCOUKH
IUTACTUKA HA IEHOIIOJUCTUPOJIOBON IIJIACTHHE U JINCTE DyMaru JefiCTBUTEIBHO
HelTpasababl. VIHOTIA TN KYCKHU IJIACTUKA JIEKTPU3YIOTS BO BPEMS HX IIPUTO-
TOBJIEHUS, KOTJIa MBI BBIPE3aeM UX U T.J1. UT00bI yOeIUuTHC B UX JIEKTPUIECKOIT
HEATPaJBbHOCTH, MbI IIOJIHOCUM HEATPaIbHYIO IJIACTUKOBYIO COJIOMUHKY OJIU3KO
K 9TUM MAaJIEHbKUM KYCOYKaM ILIACTUKA. FC/u HEeT IPUTSKEeHUsT MeXK1y HUMH,
KYCKU IIACTUKA MOYKHO CYUTATh HeHTpabHbIMU. KOTa OHM NpPUTSATHBAIOTCS
HEHTPAJIbHOI COJIOMKOM, 3TO O3HA4YAeT, YTO KYCKHU IIJIACTHKA 3JICKTPA30BaHBI.
B srom ciryuae, ciaemyer mooxKIaTh HECKOJIBKO YaCOB, ITOKA €CTECTBEHHBIM IIy-
TeM He MPOU30HJIET pas3psiJiKa Yepe3 BO3IyX. 3aTeM MbI MOYXKEM IPUCTYIHUTH K
[IPOBEJIEHUIO IKCIIEPHUMEHTA..

Harupaem miacTUKOBYIO COJIOMHHKY O BOJIOCHI, M HOJHOCHM T'OPU30HTAJIb-
HYIO COJIOMKY OJIM3KO K KaXKJIOMY W3 ITUX YeThIPEX TPYIIL. 3aMeTUM, 9TO HAM-
6OJIBIIYIO CcriTy UCHBITBIBaeT rpymna IV, OyMakKKu Ha MIPOBOJMAINEH TOBEPXHO-
cTu, a 3aTeM ujaer rpymuna I1, Kycouku OyMaru Ha M30JUPYIOeil TOBePXHOCTH.
I'pynmer I u I11, Kycku maacTuka Ha KayKJIOH M3 ITOBEPXHOCTEl, OUeHb CJIabo
NPpUTATUBAIOTCHA, IIOTOMY TPYAHO OTJINYIUTD, KaKOl UMEeHHO KYCOK HCIIBITBIBA€T
HanboJIbIlee puUTsKeHne. VIHTeHCUBHOCTD CHJIBI MOXKHO OIIEHUTH CJIEJLY FOIIIMU
nByms criocobamu. [lepBblit cocTonT B HAOMIIOEHNH, HA KAKOM PACCTOSIHUN CH-
Jla HAYUHAET TPOSBJIATH celsl, HA 9TO YKA3bIBAET JBU2KEHNE KYyCOYKOB OyMaru
mm miactuka. dem Gosbie 970 paccrosuue — teM Oosbine cuta (Puc. 7.45).
Bropoit ciocob cocTonT B HAOIOEHNN 33 KOJUIECTBOM KYCOUYKOB OyMaru WJIn
IUIACTUKA, KOTOPhIE IPUTATUBAIOTCS HATEPTON COJIOMKOM, KOTJIa OHA HAXOUTCS
Ha GUKCUPOBAHHOM PACCTOAHUU OT cTosa (Harmpumep, 5 wimm 10 cm).

OKcriepuMeHT 7.33

Terepb MBI HCIIOJIB3YEM JIEKTPUIECKUN MasSTHUK, COCTOSIINI U3 OyMasKHO-
ro JINCKA Ha MIEJIKOBON HUTU. Mbl HATUPAeM IIJIACTUKOBYIO COJIOMKY I O BOJIOCHI,
TaK YTO OHA CTAHOBUTCSI OTPHUIATEJIHHO 3aPsKEHHON. 3aTeM OHa Pa3MeIaeTcs
Ha [OJIXOJSAINEN MOJACTABKE MAJEKO OT MAasATHUKA. BTOpasi COJIOMKA 3apsizKaeT-
sl TIOJIOYKUTEJILHO TPEHHEM MEXKJy NBYMS KECTKUMH PE3NHOBBIMU IIJIAHTAMI.
Ona TOXKE pasMenaeTcs JaJIeK0 OT MasTHUKA U OT [IE€PBOU COJIOMKH Ha COOT-
BETCTBYIOIIEH MOJICTABKE.

Mpr masbiieM TporaeM OyMayKHBIH JIMCK. 3aTe€M MbI MEJJIEHHO ITOJTHOCUM K
HeMy cojioMKy I. MasiTHUK TsiHeTcs K cosioMke. MbI cequm 3a TeM, 9TOObI He
OBLIIO0 KOHTAKTA MEXK/Iy HUMH. ¥YIAJIUB IIEPBYIO COJIOMKY, MBI TIOJHOCAM BTOPYIO
COJIOMKY K MAsiTHHUKY, HE JIOIIyCKas KOHTakTa. MadTHUK TakKe TSHEeTCHA K ITOI
COJIOMKE.

Teneps Gepem suct Gymaru (MM METAUIMYECKYIO ILIACTUHY) U IIOMEIIAEM
€ro TOoJ YIVIOM M HU)Ke OYMaXKHOTO JINCKA Ha IIPOTUBOIIOJIOXKHOW CTOPOHE OT
cosomku (Puc. 7.46). Jluct GyMaru D0/I2KeH KacaTbCsl JUCKA.

231



(2) (b)

Puc. 7.45: (a) Kycouku Gymaru Ha u30/UpyIONMIEil IIOBEPXHOCTHU IIPUTATHBAIOTCS
uareproii cosoMkoii. (b) Kycouku 6ymaru Ha 1poBojsIeil IOBEPXHOCTH IPUTsI-
IUBAIOTCS HATEPTOI cosloMKoi. MUHIMAJILHOE PACCTOSHIE, HA KOTOPOM COJIOMKA,
MOKET HPUTAHYTH OyMaKku, Gosbiie B ciay4dae (b), 1em B ciaydae (a). Crpesku
YKa3bIBAIOT HAIIPABJICHUE JIBUKEHUSI.

3areM MBI TIOJHOCUM IEPBYIO COJIOMKY K MAATHUKY TAKUM OOpa30M, U4TOOBI
MasTHUK OBLT MEXKJTy JIUCTOM Oymaru u costomkoit. Ha omnpemesenHOM paccrosi-
HUW, INCK HAYMHAET JBUTATHCA OT JIUCTA OyMaru K cojoMke. B 9ToT MOMEHT MBI
yaajsgeM JiacT OyMaru, IpegoTBpaIlas IPH 9TOM JIUCK OT CONPUKOCHOBEHUS C
costomKkoit. Ilocste 3TOro COIOMKY Tak:Ke MOYKHO Y/JIAJUTh, U MAITHUK BEPHETCS
K BepTuKaju. Ecin cHOBa TOJOABUHYTH COJOMKY I K MasTHUKY, MBI yBUJIUM
MIPUTSIZKEHNE MEKJTy HUMU. BayKHO He JIOMYCKUTH KOHTAKTA MEXKJy HUMU.

SareM MBI yIaJisieM I[EPBYI0 COJIOMKY U MEJJIEHHO IPHUOJIMZKAEM COJIOMKY
Il x masrauky. He cimemyer momHOCHTD €e CAMINMKOM OJIM3KO K JINCKY, W CJIe-
JyeT BHUMATEJIbHO HAOJIOAATH, B KAKOM HAIIPABJIEHUN JUCK HAYHET JBUTATHCH.
[Ipu TmaTeabHOM IPOBEIEHNN STOTO IKCIEPUMEHTA, MOKHO 3aMETUTh, YTO JTUCK

[

Puc. 7.46: IlepBonadaJibHo OyMara, JUCKa JIEKTPUIECKOTO MASITHUKA HAXOIUTCS
B KOHTAKTE C JINCTOM OyMaru Wjin MEeTaJLIMIECKON IIaCTUHOM.
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CTPEMHUTCS JIBUrAThCS B CTOPOHY OT COJIOMKHU ], TaK KaK OH OTTAJKUBAETCS OT
Hee! D10 O3HAUaeT, 4TO 00a Teja MMEHT 3apsijbl OJHOIO 3HaKa — II0JIOXKU-
TEeJILHOIO B 9TOM cJiy4ae. Ecjm npubiusuth cosioMky I moctaTtodHo OJiM3KO K
JIUCKY, MEXJy HUMHU OyJIeT IpUTsSKeHrne, KaK ObLIO mmoKa3aHo B paziesne 7.10.
DTOoro ciemyer n3beraTh.

DkcnepumeHT 7.34

DKcIepuMeHT 7.33 MOYXKHO ITOBTOPUTH, IIOMEHSIB ITOPSIOK COJIMKEHUS COJIO-
MOK. To ecTb m3Ha4aIbHO cojioMKa I, KoTopast 3apsizKeHa [MOJIOYKUTEIbHO, [IPHU-
OamkaeTcs K OYMarXHOMY JIMCKY, KOTOPBII HAXOJIUTCs B KOHTAKTE C JIHCTOM
bGymaru. DTOT JUCT OyMaru JOJIKEH OBITh yJIaJIeH, KOrja OyMasKHBINH JINCK Ha-
YMHAET JABUraThCd B CTOPOHY COJIOMKU. HeoOXoamMo MpemoTBPpaTUTh KOHTAKT
Mexk 1y HuMH. [lociie yaasienust jincra GyMaru, CaeayeT yaaluTh TaK¥XKe BTOPYIO
coJIoMKY. Eciiu Teriepb MeJIJIEHHO ITOJHECTH COJIOMKY I K OyMaKHOMY JIUCKY, MbI
OyaeM HabJIIOJATh OTTAJKABAHUE MEXKIY HUME. DTO O3HAYAET, 9TO 00a MMEIT
OTpHUIIATEIbHBIE 3apsabl. 10 ecTh OyMaXKHBIH JUCK TOJIY U 3aPsiJl, IIPOTUBOIIO-
JIOZKHBII 3apdAy Ha BTOPOHU COJIOMKE.

DkcnepumeHT 7.35

Mpbr moBTOpsieM 3KcriepuMeHThI 7.34 u 7.35, HO Tenephb ¢ OYMaXKHBIM JTUCKOM
Ha TIEHOIIACTOBON IIJIACTHHE. B KOHIIE 9TOr0 3KCIEPUMEHTA MbI BHIUM, UTO
OyMasKHBII IUCK TPUTSATUBaeTCst obenmu cojjomuakamu, [ u 11, He3aBuCUMO OT
TOr0, KAKyIO U3 HUX IOJHEC/IA IePBOil K HEMY.

OkcnepuMenTsl 7.33 u 7.34 10Ka3bIBAIOT, YTO, KOIJa KycoK Oymaru (B jaH-
HOM cJIy9ae Oy MarKHbIH JIUCK ), TIOKOSIIIUICS HA TPOBOSIIEM JIICTe Oy Mari, mpu-
TATUBAETCS SJIEKTPUIOBAHHOM COJIOMKOI, KyCOK OyMaru ajieKrTpusyercs. Kpome
TOr'0, 3apsiJi, KOTOPBIl OH IIproOOpeTaeT Mocjie IPUKOCHOBEHUSI U TIOCJIE LY FOIIETO
yaaJeHus OT JucTa Oymaru, UMeeT 3HaK, IPOTUBOIOJIOXKHBIN 3apsijly HA IJIEK-
TPHU30BAHHON COJIOMKE. DKCIIEPUMEHT 7.35, C JIPYroii CTOPOHbI, TOKA3BIBAET, 4TO
OyMarkKa Ha H30JIUPYIOIIell ITeHOIOJUCTUPOIOBON IIJIACTHHE, He Ipuobperaer
HUKAKOTO CYMMAPHOTO 3apsiJia MOC/e TPUTIKEHNS JIEKTPUIOBAHHON COJIOMKOIA.
To ecTh 1IOCTIE yAaJIEHHST OT TIEHOIIOJUCTUPOJIA, HA KYyCOUKe OyMaru cyMMapHbIit
3aps] paBeH HYJIIO.
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I'maBa 8

SaKJ/JII0OUYNTEeJIbHbIE 3aMeUYaHnd

8.1 Ilepexoa Kk HOBOII TEPMHUHOJIOTUU: OT 3JIEK-
TPUYECKUX U HEIJIEKTPUIECKUX TeJI K U30JId-
TOpaM W ITPOBOJHUKAM

B 1600 I'misbept KiraccupuIupoBasl Tejia KaK JeKTPUIEeCKUe U HedJIEKTpUYe-
ckue, pasnesbl 2.7 u 2.8. DJIeKTpUIECKe MATepPUAJIbl, TAKIE KaK SHTaphb, ObLIN
Te, KOTOpbIE€ PN HATHPAHUU MPUOOPETAIN CIOCOOHOCTH MPUTITHBATH JIETKUE
npeameTsl. HeamekTpuieckoit MaTepuabl He Tpuodperann 3Ty CIIOCOOHOCTH C
TpeHneM. Bce MeTasIbl, B YaCTHOCTH, IONAJIN B Pa3PsJl HEIEKTPUIECKHUX TEJI.

B 1729 rony I'peit obrapyKui, 9TO IpU TPUBEIEHUN TAKOI'O JIEKTPU30BaH-
HOT'O TeJjia, KAK HATEPTHIH (DJIMHTIIIAC, B KOHTAKT C METAJIJIOM HJIM PA3MEIEHUN
€ro oYeHb OJIM3KO K METAJLIY, METAJIT IPHOOPETAI CBONCTBO IPUTATHBATD OJIH3-
JiexKarue JerkKue BerecTBa. Mbl BHIEIN SKCIEPUMEHTHI ¢ MOJ00HBIM 3ddeK-
TOM B pazzeie 7.4. Cxema 3kcuepuMeHTOB ['pest OyIeT JeTajlbHO 00CYKIaThCsI
B [Ipunoxkennu B. Takoe ke moBeieHne ¢ IPUTSIXKEHNEM UMEJIO MECTO U C JPYyTH-
MU TeJIaMU, KOTOPbIE KJIACCUMPUIINPOBAINCH KAK HEIJIEKTPUIECKAE BO BPEMEHA
Ipes. diode orkpour mexanusm [TKO, 0OHAPYKUB, 9TO TOHKUI KYyCOK METAJLIA
[OJIyYaJl 3apsij] IPU KOHTAaKTe C JIPYIUM HaTePThIM TesoM, paszen 4.8. Ilos-
JKe JIFOJIA HAyYWJIMCh 3apsi?KaTh KYCOK MeTaslIa IO WHILYKIMH, UCIOJIb3Ys -
dEKT FIEKTPUIECKON MOJIAPUSAIIY U HJIEKTPUIECKOTO 3a36MJICHUs, pa3aesn 7.5.
B 1770—x rogax 6610 0O0HAPYXKEHO, YTO METAJJIbl TaKyKe MOI'YT OBITH HadJIeK-
TPU30BAHbI TPEHWEM, [P YCJIOBUU, YTO OHU U30JUPOBAHBI OT 3EMJIU, PA3IEs
6.8. DT OTKPBITHS MPUBEIN K OTKA3y OT HOMEHKJIATYDPHI U KJIaCCU(MUKAINN
I'unbbepra.

ITocne sroro 6puIa puHATa Apyras Kiaaccudukanus. BemecTBa Temeps Je-
JISITCST HA MPOGOJHUKU U U3OAAMOPDL. DTU TEPMUHBI OBLIN TIpe tozkenbl Jode n
He3zarionbe, moapasznei 6.3.1. BoapmuncTso Tesi, koropsie ['nnbbepT kiaccudu-
[UPOBAJI KaK 3JIEKTPUKHU, TEll€Pb HA3BIBAIOTCSI U30JIsITOPaMu. 1ejia, KoTopble Ha-
3bIBAJINCh HEIJIEKTPUIECKUMU, TElIePb HA3BIBAIOTCS [IPOBOJHUKAMU. 37€Ch €CTh
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HEKOTOpasl KOHIENTYaJIbHAsI HOBU3HA. DTO HE HPOCTO BBEJICHUE HOBBIX TEPMIU-
HOB, WJIX IIPOCTOE€ U3MEHEHUE HOMEHKJIaTYPhI. B KOHITe KOHIIOB, MeTaJIJIbl TOXKe
MOT'YT 0OpeCTH CBOMCTBO IPUTSATUBATH JIETKUE BEIECTBA [IOC/Ie HATUPAHWS, €CJIU
M30/IMPOBATh UX XOPOIIEHBKO IIPU TPEHUU. 10 2Ke camMoe IMIPOUCXOUT C JPYTUMU
M30/ITMPOBAHHBIMU MaTE€PUAIAMU. 1€mephb y2Ke SICHO, 9TO PA3/IMIne B TOBEICHUN
MaTepHuaJioB, KOTOpoe ['mab0epT MOTOXKII B OCHOBY CBOEH KJaacCuUKAINU, He
uMeeT CMBICa. [yraBHast XapakTepHas depTa UIeaJbHbIX ITPOBOHUKOB COCTOUT
B TOM, YTO OHU MMEIOT MOOUJIbHBIE 3JIEKTPUUYECKHE 3aPsIIbl U JOIYCKAIOT Tede-
HUeE 3apsiJIoB Yepe3 HuX. U neajbHbIEe U30/IATOPHI, C APYTOil CTOPOHBI, HE UMEIOT
MMO/IBUKHBIX 3aPSI0B B JOMOJHEHNE K TeM, KOTOPbIE HEPA3PBIBHO CBI3aHBI C UX
MoJtekyIaMu. Kpome Toro, u309TOPhI He TTO3BOJISIIOT 3apsijiaM TPOXOIUTH TN
[IPOTEKATh Yepe3 HUX.

CyuecTByeT rpajaiyst MeXKLYy XOPOIIUMHU IIPOBOJHIUKAMUI U XOPOIITUMU H30-
sisiropamu. Kpome Toro, 3Tu CBOMCTBa 3aBUCST HE TOJILKO OT BHYTPEHHUX CBONCTB
9TUX TeJ, HO W OT BHEIIHUX YCJOBHUH, KOTOPHIM OHU IOABEPXKEHBI. B jr000M
cIydae, pasjinane MeXK/Iy ITPOBOISIIIMMEI U U30JUPYIONIMHI BEIECTBA, SIBJISI€TCS
OJTHUM W3 HamboJiee BaXKHBIX XapPaAKTEPUCTHK BO BCeil HayKe 00 3JIEKTPUIECTBE.

8.2 OcHoBHBIE U 3JiIeMeHTapHbIe (PaKThI 3JIEKTPU-
4eCcTBa

ITocste mpoBejieHNsT IKCIIEPUMEHTOB, OMUCAHHBIX B ITOH KHUTE, MbI JTOCTUTJIN
OIIPeJIeJIEHHOTO yPOBHsI 3HAHU 00 3jiekTpudecTBe. KOHEYHO MBI HE OXBATBHLIU
BCe , 9TO U3BECTHO B 3TOI 00JaCTU HayKu. B Jir000M ciydae, Mbl TEIEph UMEeM
JIOBOJILHO TOYHOE IIPEJICTABJICHIE 00 OCHOBHBIX (paKTax 3JIEKTPUIeCTBa. B aToMm
pasjiesie MbI TIpeJICTaBjsieM — roBopst cyioBamu Jliode — mpocThie n MPpUMATHAB-
Hble GaKTHl WM TPHHIHILL 3JeKTpudecTsa.! 3/1ech MbI JaeM JIHIIh OMHNCAHIE
IKCIIEPUMEHTAJBHO HAOJII0AaeMbIX (aKTOB, 6e3 COOTBETCTBYONUX 00'bsICHEHUIA.
Mb1 MOXKEM paccMaTpUBaTh UX KAK MCXOJIHBIE OCHOBOIOJAraorue (GaKkThbl, HE
MOJIJIeXKAINre TajabHeieMy o0bsiCHEHUIO Ha OCHOBE ere 0oJiee MPUMHUTUBHBIX
nosiozkernii. To ecTh MBI MOXKEM UCIIOJIB30BATH ITU IIPOCTHIE TPUHITUITBI, 9TOOBI
OOBSICHUTD JIpyTHE SIBJICHUS, HAPSY C 00Jiee CJIOKHBIMU SKCIIEPUMEHTAME, HO
CaM¥ 3TU IPUHITUIILI He 00bsICHAIOTCA. OObsICHUTE BCEe B IIPUHITUIIE HEBO3MOXKHO.
Bcerna mpuxoaurcst 6parh — WM MPUHUMATH 33 UCTUHY — HEKOTOPbIE HAYAIhb-
Hple GakTbl. MBI 3aTeM WCIOIB3yeM STH NMPUMUTHBHBIE TPEIIIOJIOKEHUS It
00bsICHEHUs APYTUX HAOJIOIEHUN TPUPObl. BOT mepeders 3TuX MPUMUTUBHBIX
dakKTOB:

1. Tena B mpupoze MOTYyT HAXOAUTHCS B TPEX PASJIMIHBIX COCTOSHUSIX: JJIEK-
TpUYeCKU HeHTpaIbHOe, IOJOXKUTEJIbHO 3apsKEeHHOe WU OTPHUIATEeIbHO
3apszkerHoe. JIpyruMmu cjoBaMu, OHH MOT'YT UMETDh HYJIEBOI 3aps], [10JI0-
JKUTEJILHBIN 3apsij] WX OTPUIATEIbHBIN 3apsiJi, COOTBETCTBEHHO. MOXKHO
TOBOPHUTH TaK2Ke, 4TO TeJIa HEeJIEKTPU30BAaHbI, NI HA3JIEKTPU30BaHbI I10-
JIO?KUTEJIbHO MJIM OTPUIATEIIHHO.

1[DF34b, cTp. 525].
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DTU COCTOSIHUS XapaKTEPU3YIOTCsI HAOIOMaeMbIM TIOBeJieHrneM Tes. JIBa
HeUTpaJbHBIX Tejla U He IPUTATMBAIOT, U He OTTAJKHUBAIOT JAPYT APY-
ra. CyInecTByeT NPUTSKEHUE MEXKJY HOJOKHUTEJIHHBIM TEJOM U JIIOOBIM
JIpDYTHM II€PBOHAYAILHO HEATPaabHbIM TeoM. CyniecTByeT TakxKe IPHUTs-
JKEHUE MEXKJ[y OTPUNATEIbHBIM TeJIOM U JIIOOBIM JAPYTUM IIePBOHAYAIBLHO
HEHTPAJIbHBIM TeJOM. Tejia, MMeoIIre 3apsi/ibl IPOTUBOIOJIOKHBIX 3HAa-
KOB, IPUTATUBAIOT APYT Jpyra. leja ¢ 3apsgaMud OJHOrO 3HaKa OOBIYHO
OTTAJIKUBAIOT APYT APyra, HO B HEKOTOPBIX CJIydYasX OHU MOLYT TaKzKe
MPUTATUBATD JAPYT JApyra.

VHTEHCUBHOCTD 9TUX CHJI NPUTSKEHUS W OTTAJIKUBAHUS yBEJININBACT-
cd C yMEHbBIIIEHHEM PaCCTOAHUS MEXK/ly B3auMO/JIEHCTBYIOIIUMU TeJIaMU.
VIHTEHCUBHOCTD 9TUX CHJI YBEJIMYMBAETCH TAKXKE C YBEJIMYEHUEM KOJIdde-
CTBa 3apsiiOB B TeJaX. JTH CUJIbI HOCST B3aMMHBII XapakTep, JIeHCTBYs
C OJIMHAKOBOW MHTEHCHUBHOCTBHIO Ha 00a B3amMmozeiicTBymommx teia. OHu
HaIIPaBJIEHBI BJI0JIb IPAMON JIMHUU, COCUHAIONIEH Tejla, HO B IIPOTUBOIIO-
JIO?KHBbIE CTOPOHBL.

Tema MOXKHO pa3/ieiUTh Ha JIBE T'PYIIILI, HA3LIBAEMbIE ITPOBOIHUKAMU U
n3osigTopamu. OCHOBHOE Pa3jinyue MeXK Iy STUMHU JIBYyMsl IPyIIaMI COCTO-
AT B TOM, 9TO NMPOBOIHUKN MMEIOT MOJBUKHbBIE 3aPsiIbl U 00ECIIEINBAIOT
MIPOXOXKJIEHUE WJIA MOTOK IJIEKTPUIECKUX 3apsAI0B depe3 Hux. V3ossaro-
PBI, C JpYTOif CTOPOHBI, He UMEIOT IOJBUKHBIX 3aPsA/10B, 38 UCKJIIOYEeHUEM
TeX, KOTOPbIe HAXOJATCS BHYTPHU UX MOJIEKYJl. V3019 TOPHI HE 1TO3BOJIAIOT
IIPOXO0XKJIEHNE WJIN TTOTOK 3apsiJIOB Yepe3 HUX.

IIpoBogHUKYN 1 U30JIATOPBI MOTYT OBITH JIEKTPUIECKH HERTPATHHBIMUA, T10-
JIOXKUTEIFHBIMA WA K€ OTPUNATEIbHBIMA. KOrja 3aps2KeHHbII TPOBO/I-
HUK [PUXOJIUT B KOHTAKT C 3eMJIEll, OH pa3psizKaeTcs. DTOT MPOIECC Ha-
3bIBaeTcs 3a3emienneM. [lonobrast paspsaka He IIPOUCXO/UT, KOT1a 3apsi-
JKEHHBIN M30JIATOp KacaeTcsd 3emun. JIpyroit crmocod npakTHIecKoro ocy-
IECTBJIEHNs ITON KyraccuduKkaiuu cocTouT B ciejyonem. OauH KoHery
TeJla COeJUHSAEM C KaPTOHOM HalJIEKTPH30BAHHOTO JIEKTPOCKOIA, & JAPY-
roit — c 3emureit. Tesra, KOTOpbIE PA3PSIKAIOT JIEKTPOCKOII, HA3BIBAIOTCS
IIPOBOJIHUKAMHU, & TeJla, KOTOpble He Pa3Ps?KaloT ero, Ha3bIBAIOTCS U30JIsI-
TOpaMU.

Teno, KoTopoe BefeT cebsi KaK M30IITOP [IPU HU3KOI Pa3HOCTH JIEKTPUIE-
CKUX ITOTEHITNAJIOB, MOYKET BECTHU ceDsi KaK IMPOBOJIHUK, KOTA 9Ta PA3HOCTh
[IOTEHITNAJIOB YBEJIUINBAETCS CBEPX OIIPEJIEJIEHHOIO 3HAaYeHns. Bosbuini-
CTBO TBEPJBIX U KUJIKUX TeJ BEIyT cebsi KaK MPOBOIHUKUA B OOBITHBIX
KCIIEPUMEHTAX JIEKTPOCTATUKHU, TTOCKOJIBKY JIUIh HEMHOI'ME U3 HUX $IB-
JsroTed n3ossaropamu. K n30agTopaM MOXKHO TPUYHUCIUTD CyXOi BO3IYX,
SAHTAPb, IIEJIK, U OOJIBIIIMHCTBO ILIACTMACC U CMOJI.

DByner rTeno BecTn cebst Kak IPOBOJHUK MJIM KaK H30JISITOD, 3aBUCHT OT
MHOTHX Jpyrux ¢dakropos. lIpeanosoxkumM, 4T0 OMH KOHEI[ Teja Kaca-
eTcsd KapTOHA HadJIeKTPU30BAHHOI'O 3JIEKTPOCKOIA, a JAPYroil KoHeI ero
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10.

11.

12.

kacaercsa 3emin. PakTOpPbI, KOTOPbIE BJIUAIOT HA CBOMCTBA 9TOrO Tesa,
crenyromue: (a) Bpems, He0OX0uMOe JIJIsT PA3PSAIKI IEKTPOCKOIIA, (1eM
GoJibIlle BpeMsl KOHTAKTa, TeM Bbllle crenedb paspsakn). (b) diauna Tesa
(uem Gosiblre 9Ta JUIMHA, TEM MejIeHHee Oy/IeT IPOMCXOIUT paspsjka). 1
(¢), myIoMIaIb HONEPEYHOro CeUeHNns Teia (IeM GOJIbIe ITa IJIONAIb, TeM
ObicTpee OyIeT pa3psIKa).

Heiirpasibable Tejia MOXKHO 3apsIUTh HECKOJBKUMEU criocobamvu. Hanbo-
Jiee PaCIPOCTPAHEHHBIM CIIOCOOOM SIBJISIETCS TPEHHUE JIBYX HEHTpasbHBIX
ten. [locsie Tperust, OMHO U3 TPYIMIUXCS TEJT CTAHOBUTCS MOJIOXKUTETHHBIM,
a JIpyroe OTPUIATEbHBIM. VI30sTOPhI 3apsizKaloTCs TOJIBKO B TON YacTh
UX TIOBEPXHOCTH, KOTODPAasl HEITOCPEJCTBEHHO TOBEPTaeTCs TPEHUI0. 3a-
psiJl, TPUOOPETEHHBINM HATEPTHIM MTPOBOJIHUKOM, C JIDYTOil CTOPOHBI, pac-
IIPOCTPAHSETCS Ha BHEIIHUE ITOBEPXHOCTU IIPOBOJIHUKA, €CJIM ITPOBOIHUK
IIOJTHOCTHIO OKPYZKEH M30JIATOPaMU, WJIN K€ YXOIUT B 3eMJIIO IIPU HaJIH-
YUU MPOBOJISAIIETO KOHTAKTA € 3eMJIeH.

HeiiTpasbHblil IPOBOIHUK MOXKET TaKKe IIPUOOPECTH 3apsJ OT 3aPIKeH-
HOT'0 U30JITOpa 0€3 BCAKOTO TPEHUS, KOTJIa OHUM IIPUXOIAT B KOHTAKT JIPYT
¢ apyrom. IIpnobpeTeHHbI IPOBOIHUKOM 3apsiji UMEET TOT YKe 3HAK, ITO
7 3apsKEeHHbIN n30/aTop. KosmmaecTBo 3apsia, TpuoOPEeTeHHOrO TPOBO/I-
HHUKOM B pe3yJbTaTe 3TOro IIpoliecca, B TOYHOCTH PaBHO KOJIMYECTBY 3a-
psijia, TOTEePSTHHOTO JIndieKTpukoM. C IpyToif CTOPOHBI, KOJIMYECTBO 3apsi-
J1a, TPpUOOPETEHHOTO HEHTPAIbHBIM JTUIJIEKTPUKOM IIPU COMTPUKOCHOBEHUH
C JPYTAM JUSJEKTPUK, TPEHEOPEKMMO MAJIO, €CJIU HETy TPEHHS MKy
HUMU.

IIpoBogHUKY TTONAPUIYIOTCH JIEKTPUYECKN B IIPUCYTCTBUU I1OOJIA30CTH
3apsAKEHHOro Tejla. JacTh IPOBOIHUKA, KOTOPasl HAXOIUTCS OJIMKe BCEro
K 3apsAXKEHHOMY TeJly, JIEKTPU3yeTcs 3apsioM IIPOTUBOIIOJIOXKHOIO 3Ha-
K& TI0 CPABHEHUIO C 3apsioM 3Toro teja. CaMmblil yaajeHHBIA yJIacTOK
IIPOBOJHUKA JIEKTPU3YETCH 3apsa/IOM TOI'O K€ 3HaKa, YTO U TeJO, KOIIa
[IPOBOJIHUK JIEKTPUIECKU N30JUPOBaH. ECin n301MpoBaHHbIi ITPOBOIHIK
pa3/esiuTh HA STH JBE YACTH B IPUCYTCTBUM IIOOJIN30CTH 3aPSAKEHHOTO
TeJia, JYacTh 3T Oy/IyT 06JIaIaTh 3apsi/laMi IIPOTUBOIIOIOXKHOTO 3HAKA.

Ecnu npoBogauk s1eKTpraeckn 3a3eMJI€H B IPUCYTCTBUU MTOOJIU30CTH 38~
PAXKEHHOI'O TeJjla, YaCTh IIPOBOJHUKA, KOTOPas HaXOIUTC JTAJIbIIle BCEI'o OT
3aps2KEHHOT0 Teja, Oy/eT HelTpajan3oBaHa. DTOT (BHaKT HO3BOJISIET JIEK-
TPU30BATh IIPOBOIHUK 3aPAI0M CO 3HAKOM, ITPOTUBOIIOJIOXKHBIM 3HAKY 3a-
pslla 3TOro Teja.

MoJtekyJibl H30JISITOpa, TOJISIPU3YIOTCS B TIPUCYTCTBAU TTOOJIU30CTU 3apsi-
JKEHHOrO TeJia. Jacrb Jii060il MOJIeKyIIbl, KOTOpas Ourke K (JaJblie oT)
3apSIKEHHOMY TeJIy JIEKTPU3YETCsI 3aPsiIOM IPOTUBOIIOIOZKHOTO (TOTO Ke )
3HAKa, YTO 3aPS?KEHHOE TeJI0. DTU MMOJISIPU30BAHHBIE 3aPsi/Ibl OIPAHUIEHBI
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B IIpeJieIaX MOJIEKYJIbI U He IIePEMEIAIOTCsl BI0JIb n30ssiTopa. Kpome To-
ro, OHU He IIepeXO/AT K JIPYTIOMY IIPOBOJHUKY, KOTOPBII BXOAUT B KOHTAKT
C A30JIATOPOM.

13. KosmmuecTBo MOJISIPU30BaHHBIX 3aPsiJIOB B IIPOBOJIHUKE, HAXOIAIIEMCS Psi-
JIOM C 3aps2KEHHBIM TeJIOM, YBEJIMIMNBAETCSI C YMEHbBIIIEHHNEM PACCTOSHUST
MexK Iy HuMEU. 10 2Ke caMoe TPoucXoauT ¢ 3(pHEKTUBHO MOITPU30BAHHBIMHI
3apsiIaMU U30JISITOPOB B IMPUCYTCTBUY PSIJIOM 3aPSIZKEHHOTO TeJIa.

14. Tonstpusamus MPOBOIHUKOB U M30JISATOPOB TEM BBIIIIE, Y€M BBIIIE CTEIEHD
JIEKTPUSAIIY OJIM3JIEZKAIIETO 3aPIKEHHOTO TeJIa.

15. Cuna HE3IEKTPOCTATHIECKOTO MPOUCXOYKJICHUS YIEPXKUBAECT 3apsijibl HA
IIOBEPXHOCTH IIPOBOJIHUKOB U U30JIATOPOB B COCTOAHUHN PABHOBECHS, KOI A
9TH TeJia JIEKTPU30BAHBI UJIU MOJsipu3oBanbl. Cujia HedJIeKTpocTaThye-
CKOT'0 IIPOUCXOK/ICHNS TaKKe OTBeYaeT 33 FeHEePAINIO TPOTUBOIIOJIOXKHBIX
3aps/10B, KOTJla JBa Teja TPYTCH JAPYT C JPYTrOM.

OrnmcbiBast 971 IPOCThie (PAKTHI, MbI JJOJIZKHBI KMETH B BUJLY, YTO MbI TOBOPUM
B ODINMX 9epTax, CChLIAsCh HESBHO Ha OIMCAHHBIE B 9TOM KHUI'E IKCIEPUMEHTHI.
Bce st adbdexTst 3aBuCAT OT Opsifika (PUNIECCKUX BETUINH, ITPUCY TCTBYIOIIIX
B 9THUX IKCIIEPUMEHTAX, IIPIUIEM BCErJ[a €CTh UCKJIIOYEHNS B JIIOOBIX SKCIIEPUMEH-
Tax. Hanmpumep, Koryia MbI TOBOPUM, 9TO JIBa HEHTPAJIBHBIX TeJa He B3aUMOJei-
CTBYIOT JIDYT' C JPYIOM, Mbl HE PacCMaTPUBAEM I'DABUTAIMOHHOE IPUTIXKEHUE
MexK 1y HuMu. /]esio B TOM, 94TO rpaBUTAIMOHHOE B3aUMO/IEiCTBIE He HADTI0IaeT-
Cs1, WK He MOXKET OBITh OOHAPY?KEHO B OOBIYHBIX SKCIIEPUMEHTAX ¢ HEOOJIBIIIM,
serkumMu Tejamu. Ero meficTBre mposBIIsieTcs TOIBKO TOT/Ia, KOTAa 0 KpaiHeit
Mepe OJTHO U3 TeJl MMeeT aCTPOHOMHUYECKHE pa3Mepbl, Kak Haia 3eMiist. Korma
MBI TOBOPHM, YTO 3aPsKEHHOE TeJIO IPUTATUBAET HEHTPAJIbHOE TEJIO, IPEIIo-
JlaraeTcsi, YTO Mbl UMEEM JIEJI0 C JIETKUMU TeJIaMU, WJIM TEJIAME, HOJIePXKIBA-
eMBIMH Ha HUTSX TAKUM 00pPa30M, 9TO €CTh JIUIb HEDOJIBINOE COIPOTUBJIEHUE
OOKOBOMY MBWIKEHUIO 9TUX TeJ. 1OTaa 9TH HEHTpaJbHBIE Tejla CMOTYT Iepe-
MEIATHCA BOJIN3HU 3aPsAKEHHOIO TeJa, KOTJA €CThb IMPUTSKEHNE MKy HIMU.
Kpowme Toro, mjtst Toro, 9To6n HAOIIOAATH 9TOT IPDEKT MPUTIKEHIST, PACCTOSI-
HUEe MEeXK/Iy B3aMMOJIEICTBYIOMIUMU TeJIAMU He JIOJI2KHO OBITH OYeHb OOJIBIINM, a
3apsiJl HA HATEPTOM TeJjIe He JIOJI?KHO OBITh OYeHbh MAJIEHBKIUM, B IPOTUBHOM CJLy-
qae 3T 3P PEKTH HEBO3MOXKHO 00OHAPYKUTh. 10 Ke caMoe OTHOCUTCA K JIPYTUM
byHIaMEHTATLHBIM YTBEPXK ICHUASIM.

8.3 Omnmcanue sHTapHOro 3cgpdekra

DTy TPOCTENIne TPUHIIABI TOCTATOYHBI JIJIsi OObSICHEHNS W ONMCAHUS OYCHb
CJIOXKHBIX sIBJIEHUH. 3J1eCh MBI UCHOJIB3YyeM HUX JJIsi OMUCAHHUS TOTO, 9TO IPO-
HUCXOJUT B 9KCIEepUMeHTe 2.1, KOTOPBIil aHAJIOTNYeH SKCIEPUMEHTY € SHTAPHBIM
3bdHEKTOM — TIEPBBIH SKCIIEPUMEHT B UCTOPUHU JIEKTPUUIECTBA. B 3TOM 3KCcIiepu-
MEeHTe HeHaTepTas ILUIACTUKOBAasi COJIOMKA HE IPUTATABAET HEOOJIbIINe KyCOUKU
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Oymaru, B TO BpeMs KaK HaTEPTas COJIOMKA MPUTATUBAET ITU OYMaKKU IIPHU
npubJIMKEHUN K HUM, KakK IoKa3aHo Ha Puc. 2.1 n 2.3. Dkcuepument 2.11 naer
Ipyroil pe3ysbrar. B 3TOM cilydae JepeBsHHBII IaMIlyp, HATEPThIA Wi HEHA-
TepThiii, He npursarusan oymaxku (Puc. 2.9). B skcuepumenrtax 2.3, 7.18 u 7.20
MbI OOHAPYKUJIU, ITO IJIACTUKOBAS HATEPTAS COJIOMKA ITPUTATUBAET HEDOIbIITNE
KYCOUKHU OyMaru ¢ OOJIbITelt CHToi, TeM HeOOIbINNe KYCOIKH TIIACTUKA TIPUMep-
HO TOTO ke Beca n (OpMbBI, ITO U OyMmara. B sxcmepumentax 7.32 — 7.35 6bL10
[IOKA3aHO, YTO KyCOYKH OyMaru, JieyKalllyue Ha IIPOBOJISINEN MOBEPXHOCTH, WC-
MBITHIBAIOT OOJIBIINYIO CUJLY NPUTSXKEHUs OT OJIM3JIeXKaleil HaTepToil COJIOMK,
qeM KyCOdYKH OyMarm, jekalue Ha H30JUpPYoIeil moBepxaoctu. Kpome Toro,
KyCOYKHN OyMaru, KOTOpbIE JIe2KAT HA [IPOBOJISAIIEH IOBEPXHOCTH, TPUOOPETAIOT
CYMMapHBIN 3apsiJi ¢ TPUTSZKEHNEM K OJIn3IeskalneMy 3apszkeHHomy rery. CyM-
MapHBIA 3apsijl, MOJIyYEHHBI KyCOYKAMHU OyMaru, IIPOTUBOIOJIOKEH 110 3HAKY
3apsijly MPUTATUBAIOIIETO X TEJIa.

B s1ux sxcmepuMenTax cieayromnme Tesa Bean ceds KaK M30ISTOPhL: BO3IYX,
HaTepPTas IIACTUKOBAS COJIOMKA, IEJKOBas HUTH IJIEKTPUIECKOIO MAITHUKA,
[IEHOTIOJINCTUPOJIOBAS IIACTAHA U IPUTIHYThIE HEOOJIbINNE KYCOUYKH IIJIACTUKA.
[InacTukoBasi cosiomka ObLTa HarTepTa Bojiocamu. Kak MbI BHjen B pasjiesie
5.4, cojiomka mpuobpesia MPU 9TOM OTPHUIATENbHBIN 3apsii. Hecmorpst Ha TO,
9TO MBI JIEPXKAJIN €€ B HAINX PyKaX, OHA He Pa3psiiIach, IOTOMY UTO ILJIACTUK
SABJISETCST M30JIATOPOM.

B sTux skcrnepruMenTax ciieyioniie Tejaa Beu ceOs KaK ITPOBOIHUKHI: 3eM-
JIsl, YeJIOBEYECKOE TeJIO, JIEPEBAHHBIN MaMIyp, OyMaKHBII JINCK SJIEKTPHIECKO-
ro MasiTHUKA, JIUICT OyMaru, KOTOPBIN IOJIEPXKUBAJ 3TOT OyMAasKHBIA JIMCK, U
MIPUTSHYTHIE COJIOMKOW MaJleHbKHe Kycouku Oymaru. He yrnasioch nmpursiHyTh
OyMarkKKy HATepTO# mimaxkkoit. Korjga HaTtupa m mimakky, BO3MOXKHO OHA Ha,
MTHOBEHIE Tprobpesa jieKTprdecknii 3apsa. Ho Tak Kak oHa BegeT cebs Kak
MIPOBOJIHUK B 9TOH CHUTYAIlMd U HAXOIMJIACH B KOHTAKTE C 3eMJiell depe3 HAIN
PYKH, UMEJI0 MeCTO 3a3eMjieHue. B pesysibrare, Jit00O 3apsijl, MOsIBJISTFOIIMI-
csl Ha IIIIAaXKKe B IIPOIeCcce TPeHUsl, cpa3y ke Heirpasnusyercs. [losromy ona
HE TPUTAruBaja HeOOJbINNEe KycOUKN OyMmaru, HeCMOTpsi Ha Tpenwme. [IpoBos-
HUK MOXKET yJIEPKUBATH MPUOOPETEHHBIE B PE3YJIbTATE TPEHUS 3aPSIbl TOJIHKO
B TOM CJIydYae, eCJid OH M30JIMPOBaH, KaK Mbl BHeIN B pasjeie 6.8.

[T1acTHKOBYIO COJIOMKY MOXKHO HATEPETh U30JIITOPAMU (BOJIOCHI, MIETKOBAST
TKaHb, WM ILUIACTUKOBBIA [IAKET) WA YK€ MPOBOJHUKAMU (DYKH, JUCT GyMar,
WM XJIOYaTo0yMarKHast TKaub). He umeer 3HadeHus, U30JITOPOM UJIH TIPOBOI-
HUKOM OCYIIECTBJIsIJIOCHh Tpenne. Ho 3Hak 3apsiia, mprnoOpeTeHHOTO LIACTUKOBOM
COJIOMKOIi, OyJIeT 3aBUCETH OT THIIA MATEPUAJa, KOTOPBIM JeJIaeTCsS TPEHUe, T.€.
HU30JIITOPOM HJIM IIPOBOJITHUKOM.

[TpursikeHne, OKa3bIBaEMOE HATEPTO COJIOMKOI Ha KYCOK ILJIACTHKA, MOYKHO
MIPOUJITIOCTPUPOBATE MUKPOCKOIIMYECKU C UCIOJIb30BAHUEM ILIACTUKOBOIO Ma-
aranka. Kak Bcerja, cieyer MpealpruHsaTh HEKOTOPhIE TPEIOCTOPOKHOCTH ITIPU
HCITO/Ib30BAHUN JIUCKA, BHIPE3AHHOIO U3 IUIACTUKOBOIO MTAKETA, KOTOPBIi BeJIeT
cebst Kak n30711Top. KpoMe TOro, 3TOT MIACTUKOBBIN JUCK JTOKEH OBITh Hel-
TpaJIbHBIM, KO/ OH HAaXOJUTCS JIAJEKO OT JIPYIUX 3apsi?’KeHHBIX Tesl. B sToM
CJIydae, KOTJia Mbl IIOJJHOCUM HATEPTYIO COJIOMKY OJIN3KO K IJIACTUKOBOMY JIUCKY
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MasITHUKA, Mbl HAOJII0JIaeM HeDOJIBITIOe MpUTKenne Mexkry Humu. [Ipeamosa-
raeTcd, 9TO MOJIEKYJIbI IJIaCTHUKa ITOJIAPU30BaHbI IIPDUCYTCTBUEM HaTEpPTOIr'O IlJIa-
cruka. JacTh KaXKJI0# MOJIEKYJIBI, KOTOpasl OJIMKe K HATEPTOMY TeJLy, 9JIeKTPHU-
3yeTCsi 3apsiIOM ITPOTUBOIIOJIOXKHOTO 3HaKa. JacTh KaXK 0l MOJIEKYJIbI, KOTOPast
HAXOJUTCS Ha JAJbHEH OT HATEPTOrO Teja CTOPOHE, IJIEKTPUBYETCS 3apsjioM
TOrO 2Ke 3HaKa, 9TO U Tejio. D1o nokazano ua Puc. 8.1 (a). Buyrpennss gactb
[OJISTPU30BAHHOTO TIJIACTUKA, BEJIET cebsi MAKPOCKOITMIECKH, KAK KaK HeTpasIb-
HOEe TeJI0, BBUJIY B3aUMOIIOTallleHns OJIN3/IeXKAINX 3aPsiJIOB Pa3HbIX 3HAKOB. Ho
MOBEPXHOCTD IMOJIIPU30BAHHOIO ILJIACTUKA BeJeT cebsi OYITO CyMMApPHbIA 3apsi
Ha Hell He paBeH HyJIIO, KakK Iokazano na Puc. 8.1 (b).

(b)

Puc. 8.1: (a) HaTepTHIil IIIACTUK IIOJISIPU3YET U IPUTIATUBACT IJIACTUKOBBIN JIUCK.
(b) DddexTuBHAs MOAAPU3AIHS [IJIACTUKOBOIO JIUCKA.

[Ipeamonaraercs, 9T0 MJIACTUKOBBIE MOJIEKYJIbI ITOJISIPU30BAHBI IPUCY TCTBU-
eM OOJIM30CTH HATEPTON COJIOMKH, OJIaromapsi CyIIeCTBOBAHUIO MTOJIOKUTEb-
HBIX U OTPUIATEHHBIX 3apsjiOB B KaXKJIOW MoJieKysie. Kpome Toro, stu mo-
JIO)KUTEbHBIE U OTPUIATENbHBIE 3aPSI/Ibl JIOJIKHBI OBITH TOABUKHBIMU BHYTPH
Kazk10i1 MoJieKyJibl. [lojisipu3anust KaxK10il MOJIEKYJIbI TaKXKe 0ObsICHSIETCsT TeM,
9TO 3apsiJibl OJTHOTO 3HAKA OTTAJKUBAIOT JIPYT JPyra, B TO BpeMs KaK 3apsiIbl
IIPOTUBOIIOJIO?KHOTO 3HAKA HTPUTIATHUBAIOT JAPYr Apyra. Kakas-To cuia HedIeK-
TPOCTATHIECKOTO TIPUPOJIBI ITPEJOTBPAINAeT padberanne 3TUX MOITPUI0BAHHBIX
3apsII0B OECKOHETHO JAJIEKO JAPYT OT JApyra. Uem cusbHee 3apsij] Ha SJIEKTPU30-
BaHHOII IJIACTUKOBOW COJIOMKE, TeM CHJIbHee OyJieT MOJIsIpU3allisi ILJIACTUKOBIO
nucka. [lonsspusaiius yBeMInBaeTCs TAKXKE C YMEHbBIIIEHUEM PACCTOSTHUST MeXK-
Iy COJIOMKOI u jimckoM. em Gosibie 3Ta 3 deKTuBHAST TOJISIPU3AIIAS TIIACTH-
KOBOT'O JINCKA, TEM CHJIbHEE OyIeT Pe3yJIbTUPYIONas CAJIA HA HEM.

IMonsipusanust IaCTUKa CyIIECTBEHHO HE MEHSIETCsl, €CJIU OHA TOKOUTCST Ha
M30/IUPYIONIEH IIACTUHE U3 TIEHOIJIACTA UJIN JIEKTPOIPOBOISIIEM JINCTE OyMa-
ru. B amux nByx ciydasix cyMMapHBIH 3apsii Ha IUIACTHKE PABEH HYJIIO.

Haburomaemoe puTsizkeHre MeK 1y HATEPTOI COTOMKON U MOJIIPU30BAHHBIM
IJIACTUKOM MOYKET OBITH CJIEJICTBHEM €Ille OJTHOTO CBOHCTBA JIEKTPUIECKUX CUJI:
CHJIBI TIPUTSI?KEHUST U OTTAJKUBAHUS PACTYT, KOTJa PACCTOSHUS MEXKJLY 3apsiia-
Mu najaer. Ciie1oBaTeIbHO, CUJIa IPUTSIYKEHUST MEXKJIy HATEPTON COJIOMKON U
3bEKTUBHBIMY 3apsiIaMu, PACIPEIeIeHHBIMIA Ha, TOI 9aCTU MOBEPXHOCTH ILIa-
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CTUKA, KOTOPAasl HAXOJNUTCs OJIMKe K COJIOMKE, IIPEBBIIAET CUJIy OTTAJKUBAHUSI
MEXKTY COJTOMKOM 1 3(DHEKTUBHBIME 3aPsIJIAMHU TOTO 2Ke 3HAKA, PACITPE/IETeHHbI-
MU Ha TOI 9aCTU IHOBEPXHOCTHU IIJIACTUKA, KOTOpasl HANOOJIee yIaIeHa OT COJIOM-
ku. CymMMma 3TUX ABYX CUJI He paBHa Hy/0. CUjia MPUTSKEHUS IIPEBBIIIAET CUTY
oTTajKuBaHusA. VIHTEHCUBHOCTH 9THX CHUJ HE DABHBI [0 BEJIMYWHE, U B CyMMeE
OHHU JIAIOT CWJIY NPUTAXKEHUA MEK/ly HaTepTON COJIOMKOI U IIOJIAPU30BaHHBIM
IJIACTUKOM.

HaBaiiTe Temepb TPOAHAJU3UPYEM IPUTSKEHNE HATEPTON COJOMKOM IpO-
BOJIHUKA B BHJIE MAJIEHBKOI'O KycO4uka Oymaru. PaccMoTpuM cHadasa B KA4eCTBE
9TOro KyckKa Oymaru OyMaKHBI JIUCK JIEKTPHUYECKOTO MAsITHUKA, IIOBEIIIeH-
HOTO HA IIEJIKOBOH MJIM HEHJIOHOBOH HUTH (M30JMPYIONIME MATEPUATBI). DTOT
cIrydail OTImYaeTcs OT CIydas C IJIACTUKOBBIM JINCKOM B JIByX OTHOIEHUsIX. Bo-
MIEPBbBIX, TMOJISIPU3AINS ITPOBOJHUKA ODYCJIOBJICHA, JIBUYKEHNEM CBOOOIHBIX 3apsi-
OB 110 00beMy IPOBOJIHUKA. 10 €CTh CYIIECTBYET PeaibHasl MAKPOCKOIIMIECKAsT
[OJIIPU3AIHsl [IPOBOJIHKKA, & He TOJBKO IoJsipu3anus ero Mosekyn (Puc. 8.2).

Puc. 8.2: narepras cosioMKa HOJSIPU3YET U HPUTATUBAET OYMAaKHBII JIHUCK.

Bropoe oTsindme cocTOUT B TOM, 9TO 9T MOJIAPUIAINS TPEBBITIAET 10 WHTECH-
CUBHOCTH 3D PEKTUBHYIO MOJISIPUIANAIO U30JISITOPA B IPUCYTCTBUU HATEPTOMN CO-
JIOMKH. DTO MPUBOJIAT K TOMY, UTO HATEPTasi COJIOMKA JIEHCTBYET Ha OyMaXKHbII
JMCK C OOJIbIIEH CUJION, YeM Ha IJIACTMKOBBIN JIUCK. 3/1€Ch MbI IIPEJIIIOJIAraeM,
YTO OYMaXKHBIN W TJIACTUKOBBIN JUCKN UMEIOT OJIMHAKOBBIE Pa3Mephl u (hopMmy,
¥ KaXKJbII U3 HUX HAXOJUTCS HA OJTHOM U TOM K€ PACCTOSTHUH OT HATEPTOH CO-
JoMKH. MBI MOXKeM 3aMeTUTh 3Ty BTOpoe OTiam4ne, cpaBHuBas Puc. 8.2 u 8.1.
[MTeskoBasi HUTH MagTHUKA C OYMAarKHBIM JIMCKOM OTKJIOHSETCS OT BEPTHKAJIHU
boJibIlte, YeM IeIKOBas HUTh MAasTHUKA C IIACTHKOBLIM JUCKOM. Paccrosinue
MezKJly HATEPTOI COJIOMKOW M MasTHUKOM OJMHAKOBO B ODOUX CJIyYasX. DTO
YKa3bIlBaeT Ha TO, UTO IMPOBOJsINAsi OyMara HUIBITHIBAET OOJIBIIYIO CUJLY, YeM
nzonupyomuii mwiactuk. CHOBa, eCTh HEKasl CHJIa, HEJIEKTPOCTATHIECKOTO TIPO-
HUCXOXKJIEHNs, KOTOpas MPeIOTBPAIIaeT JaJIbHelIee yaaJeHne 3TUX MOJISTPU30-
BAHHBIX 3aPsI0B IPYT OT APYTa, C UX BBLJIETOM 32 IpeIesbl OyMaXKHOIO JUCKA.
Nmenno sTa criia HEJIEKTPOCTATHYIECKOrO ITPOUCXOXK/IEHUS YIEPKUBAET I0JIs-
PU30BaHHbBIE 3aPsIbl HA KPalo OYMAXKHOTO JUCKA U MPEJIOTBPAIAET UX Pa3psil
gepe3 BO3/LyX.

Ecsn 6ymaKHbIl AUCK 3a3eMJIEH BO BPeMsI IOJISIPU3AIINN, 3aPsIbl Ha, JINCKE,
KOTOPBIe HAXO/IATCS HA MTPOTUBOIIOIOXKHOM OT HATEPTON COJIOMKH CTOPOHE, Hel-
TPAJUBYIOTCS 3aPsIIaMU ¢ 3€MJIA BBUJLY 3a3€MJIEHUSI. DTO aHAJIOTMIHO TOMY, ITO
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™Mbl Bugiesn Ha Puc. 7.30. B sTom ciyvae, OyMaKHBIN IUCK UMEET OTIUYHBIN OT
HYyJIsl CyMMAapPHBII 3apsiJ1, IPOTUBOIIOJIOXKHBIIN 110 3HAKY 3apsily Ha OJiM3Jieskaneit
HaTepTOil cojioMKe. [1oaToMy 3TOT OyMaXKHBIN JUCK MCIBITHIBAET OOJIBIIYIO CH-
JIy TPUTSI?KEHUsT OT HATEPTON COJIOMKH, €M CHJIA, C KOTOPOil HaTepTas COJIOMKA,
IeCTBYeT Ha MOJIAPU30BAHHBIN TUCK. DTO OObACHSIETCS TE€M, UTO OTTAJTKUBA-
HIE, KOTOPOe PAaHBIIE CYIECTBOBAJIO MEXKIy HATEPTON COJOMKOI U 3apsiaaMu
OJIHOTO € Hell 3HAKA, PACIIPEIEJIUBIITNECS Ha JAJIbHEH CTOPpOHE OyMayKHOTO JIICKA,
B HbIHeIHell cuTyanuu Gosbie He cymecrsyer (Puc. 8.3).

Puc. 8.3: HasnekrpuzoBaHHbIil OyMaKHBII JUCK IPUTATUBAETCS HATEPTON CO-
JIOMKOIA.

Ha Puc. 8.4 mbI cpaBHUBaeM 3Tu JiBa ciaydas. Mbl mpejosaraeM, 9TO BO
BCEX C/IydasX HATepTasl COJJOMKA HAXOIUTCH HA (DUKCUPOBAHHOM, U OJUHAKO-
BOM JJIsT BCEX CJIYYAEB, PACCTOSHUM OT JIEKTPUIECKOTO MasTHHKA. B ciaydae
(a) HebOJIbIIAs IPUTATUBAIOIIAS CHJIA JIEHICTBYET HA ILUIACTHKOBBIN JIUCK, KOTO-
pBIit TostIpu3yeTcs Om3JexKalneil 3IeKTPU30BAaHHON cotoMKoit. IIpoBosruit
muck B carydae (b) mossipusyercst CuiibHee, MO3TOMY MCIBITHIBAET GOJIBIIYIO CU-
ay. B (¢) Mbl uMeeM emie GOJIBITYIO NPUTATUBAIONLYIO CHJLY, NEHCTBYIOILYIO HA
3apAXKEHHBIA IPOBOAAIINNA JJUCK CO CTOPOHBI 3JIEKTPU30BAHHON COJIOMKU.

(b) (c)

Puc. 8.4: (a) Ionstpu30BaHHBINA U30JATODP MPUTATUBAETCS OGJIMBIIEXKAIIM 3apsi-
skeHHbIM TesioM. (b) IpuTszkeHne nossipu30BaHHOrO poBoHKKA. (¢) IIpuTske-
Hue 3apszkeHHoro nposoguuka. Cusa pacrer or (a) 1o (c¢), HaTepras COJIOMKA
HAXOJUTCS IPU 9TOM HA OJHOM U TOM YK€ PACCTOSTHUM OT JIEKTPUICCKUX MAAT-
HUKOB.

MuKpOCKOIIYECKOE OIICAHNE TOrO, YTO HPOUCXOAUT ¢ HEOOJBIINM KYCKOM
Gymaru (IpOBOJHWKA) HA TEHOMOJMCTUPOJIOBOH IUIacTHHE (M30JIATOD), KOTIa
MBI TIOJIHOCUM 3JIEKTPU30BAHHYIO COJIOMKY OJIN3KO K HEMY B 9KCIIepHMeHTe 7.32,
n3obpazkeno Ha Puc. 8.5.
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(a) (b)

Puc. 8.5: (a) TonspusoBaHHbI KycoUeK GyMaru MOJIEPKUBAETCST HA TIOJISIPH-
30BAHHOI IIEHOITOIMCTUPOJIOBOI IIJIACTUHE B IIPUCYTCTBUAN JIEKTPU30BAHHON CO-
JIOMKH, KOTOpast Haxoaurcs jgajeko or oymaru. (b) Ilpu nepememnenuu conoMku
erme O/mke K Oymare, Mbl yBEJUIUBAEM IOJISPU3AINI0 OyMarn M MEHOILIACTA.
DTO CO3/IaeT MPUTIATUBAIONLYIO OYMAry 3JIEKTPOCTATHIECKYIO CUILY, KOTOpasi MO-
2KeT mpeBbIicuT Bec Oymaru. Torma Oymara OyieT JBUTATHCS K COJIOMKE.

IIpoBoasimas Oymara mpeacTaBIeHa IePHBIM IPAMOYTOJILHIKOM. V30/1mpyTo-
TIHIT TIEHOTIOJIUCTUPOJT TIPEJICTABICH OOIBITIM OeJIBIM IIPSIMOYTOTFHUKOM. Korma
JIEKTPU30BAHHAS COJIOMKA HAXOAUTCS HAJT OyMaroi, HO IaJIeKO OT Hee, OyMara u
eHONOIMCTUPOJI oispusytorcs (Puc. 8.5 (a)). Mexy cosoMKoit u Kyckom Oy-
Marv BOZHUKAET 9JIEKTPOCTaTHYECKAsl CUJIa MPUTKeHUs. [[0CKOIbKY 9Ta JIeK-
TPOCTATHYIECKAs] CUJIa MEHbBIIIE Beca OyMaru, OHa He JBUKETCS 110 HAIIPABJIEHUIO
K cosoMmke. [lepeMecTuB comoMKy ere Omke K Oymare, Mbl yBEJIMIUBAEM I10-
JISPU3AIMI0 OyMaru v MeHOIJIaCcTa. DTO YBeJIMIMBAET CUJLY IIPUTAXKEHUST MEXK LY
coJioMKoit u Oymaroii. Korma paccrosinue MexK 1y COJIOMKON u OyMaroil MeHbIIe
WJIK PABHO OMPEJIEJICHHOMY 3HAYEHUIO d1 , JIEKTPOCTATUICCKAS CUJIA CTAHOBUTCSI
bouibire, yem Bec Oymaru. [locse sToro Gymara HaYMHAET ABUTATHCSA K COJIOMKE
(Puc. 8.5 (b)). Ha Besmuuny cuibl yKa3blBaeT pasMep CTPEJIKH.

Ecim Kycok mpoBojsieii 6ymMaru n3HaYaJbHO IOJJIEPIKUBAETCA HA JINCTE
nposogsiiei Gymaru (Puc. 8.6), mpoucxomsar apyrue nponeccsl.

IIpoBomsmuit Kycok OyMaru mpeacTaBeH HeOOIBIIIM YePHBIM IPIMOYTOJIb-
HUKOM, & IIPOBOJSNINI JIUCT OyMaru NPEeICTABJIECH OOJIBINNM YEePHBIM IPIMO-
YTOJIBLHUKOM. Pasmeriast 3;1eKTpU30BaHHYIO COJIOMKY Ha/JT OyMaroii, HO JJAJIeKO OT
Hee, MBI CO3/IaeM IIepepacIpe/ieieHre 3aps10B Ha 3eMJTo. B pesysibraTe, moBepx-
HOCTB KyCKa OyMAru M IMOBEPXHOCTH JICTa OYMATH JIEKTPU3YIOTCS 3apsiIaMiu,
[IPOTUBOIIOJIOXKHBIMY 110 3HaKY 3apsiay Ha cosomke (Puc. 8.6 (a)). Duekrpo-
CTATHIECKOE CHUJIA IIPUTAYKEHUA [€HEPUPYETCs TOTIa MEXKIY KyCKOM OyMaru u
costoMkoit. [TocKoIbKY 3Ta 9/1eKTpOCTATHIECKAS CHJIA MEHBIIE, 9eM BeC KyCKa
Oymaru, Oymara He JIBHXKETCs 110 HAIPaBJIEHUIO K cojioMke. llepemectus co-
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(a) (b)

Puc. 8.6: (a) DuiekTpu30BaHHbL KYCOK OyMaru HOIJepXKUBACTCS HA JIEKTPU30-
BAHHOM JINCTE OyMaru B MPUCYTCTBUU SJIEKTPU30BAHHON COJIOMKH, HAXOJIAIIEH-
ca paneko or Oymaru. (b) Ilepememmas cosoMky eme 6jmke K OyMaXKKe, Mbl
YBEJIMYUBAEM 3JICKTPUBANMIO KyCcKa OyMaru u Jimcta OymMard. DTO OKa3bIBAET
JIEKTPOCTATUIECKOE YCUJINE HA KYCOK OYMAaru, KOTOPOe MOYKET IPEBBINIAThH BEC
oymaru. Kycok 6ymaru Tormga 6yaeT JBUTaThCS K COJTOMKE.

JIOMKY eIre OJimKe K KyCOUKY OyMaru, Mbl YBEJIMUUBAEM SJICKTPHU3AINIO0 KyCKa,
O6ymaru u Jjmcra Oymaru. Kornma paccrosHue MexXKIy COJIOMKON M KyCKOM OyMa-
' MEHbIIIE WJIH PABHO OIPEIEJIEHHOMY 3HAYEHUIO do, JIEKTPOCTATUICCKAS CUIIA
CTAHOBUTCS DOJIBINIE, YeM BeC KycKa Oymaru. 3aTeM OH HAYMHAET JBUTATHCS K
cosomke (Puc. 8.6 (b)). 1o paccrosinue do Gosiblie, uem npenbiaymee di (Puc.
7.45).

IIpeamonoxkumM, 9T0 KyCOUKH OyMaru ABUKYTCS B BO3IyXe CUJION MPUTIKe-
HUs K HATEPTOH costomke. MbI cpaBHMBaeM 3/1eCh JBa Caydasi. B mepBoM cirydae
KyCOK OyMaru IepBOHAYAJIBHO IMOJJIECPKUBACTCI HA M30JUPYIONIEH TTOBEPXHO-
ctu. Bo BropoMm ciydae Kycok OyMaru IMOKOMTCS Ha IPOBOJSIIEN TTOBEPXHOCTH.
Bymem cunrarh, 9TO paccTOSHUE OT COJIOMKH JI0 KycKa OyMarum OIHO U TO YK€
B oboux ciaydagx. [IpeamosokuM Takxke, 9T0 00a KycOdka OyMaru HaXOISITCs
Ha, TOJIITYTA MEXKJYy HUKHUMU TOBEPXHOCTSIMHU U COJIOMKOM. Pa3mepsl cTpesiok
YKa3bIBAIOT HA UHTEHCUBHOCTH CHJI. B IIepBoM cjlydae Cujia MEHbIIEe, YeM BO BTO-
pom. Harssiamo s1o npencrasieno na Puc. 8.5 u 8.6 (Puc. 8.7). Dra pasuurpt
00yCJIOBJIEHA T€M, YTO BO BTOPOM CJIy9Yae HA KyCKe OyMaru eCcTh CyMMAapHBII
3apsi, TPOTUBOTIOJIOXKHBII 110 3HAKY 3apsiIy Ha COJIOMKe. B mepBom ciytae 3To-
ro mer. Kpome TOTO, BO BTOPOM CJIydae CYIIECTBYET TaKKe CUJIa OTTAJKHUBAHUST
MesKJly KyCKOM OyMaru W HUKHE IIPOBOJISINE MOBEPXHOCTBIO. DTO CBA3AHO C
TeM, YTO ITHU JBA TeJla UMEIOT 3apsiibl OJHOTO 3HAKA.

B skcniepumente 2.1 He JIerko 0OHAPYKUTH CyMMAapHBIH 3aps/1 Ha Kycke Oy-
Maru, KOIJ/la OH JIBUKETCsl 110 HAIPABJEHUIO K HATEPTOIl COJIOMKE, IIOCJe TOrO,
KaK OH OTOPBAJICSI OT TIOBEPXHOCTH 3€MJIM UJIU CTOJIa. 1eM He MeHee, 9T0 MOXKHO
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Puc. 8.7: (a) IonspuzoBanuelii Kycok Gymaru, KOTODbIi IePBOHAYAIBHO [IOKO-
WJICSI HA M30JIUPYIOMIEH IOBEPXHOCTH, IPUTSATUBAETCST HATEPTOH cooMKoit. (b)
DJIEKTPU30BaHHBIN KyCOK OyMaru, KOTOPBIil IepBOHAYAILHO JIeyKaJl Ha IIPOBO-
JdIIel MOBEpXHOCTH, TPUTATUBAECTCS HATEPTON COJIOMKON. Pasmepnl cTpesok
YKa3bIBAIOT HA WHTEHCUBHOCTD CHJI B IIPEIIIOIOKEHNN (DUKCUPOBAHHOTO W OJIH-
HaAKOBOT'O PACCTOSIHUS jIsi OOOUX CJIy9IAEeB.

[IPOJIEMOHCTPUPOBATH C IIOMOIIBIO TINATE/IbHBIX HAOJIIOIEHUN, KAK IOKA3aHO B
sKcrepuMenTax 7.33 u 7.34. Puc. 8.7 miutrocTpupyer, YTO MPOUCXOTUT HA MUK-
pockommyeckoM ypoBHe Ha Puc. 7.45.

Mnozue modu ¢ yodussenuem Y3Haom, wmo 6 makom cmapetiuiem IKcne-
DUMEHME IAEKMPUUECTNBE, KAk kcnepumenm 2.1, aeekue npeomemos U 3eMAs
sedym cebsa xax mposodnuru. Fuie boaece yousumeavro, 4wmo, 6 obwem, nee-
xut npedmem obaadaem CYMMGPHBM 3aPAIOM, K0204 OH AECTUM K HATEPMO-
MYy naacmury. Hecmompsa ma smu cropnpusvt, nodobnas cumycuyus AGAAEM-
cA camoti 00 4HOT POPMOT NPOABAEHUA INEKIMPOCTNAMUMECKO20 NPUTNANCEHUS.
To ecmv a0boe meepdoe uay dHcudKoe 8EWECMB0, KOMOPOE UCTHIMBLEAEM, 3a-
MEMHOE NPUMANCEHUE K HAINCKMPUZ0BAHHOMY MeEAY, KK NPAGUNO, ACAAELM-
ca npogodnukom. FEcau eewecmso AGAAEMCA UIOAAMOPOM, JeTUCEYIOWAs HA
HE20 PE3YALMUPYIOULAA CUNG, KAK NPABUAO, HACTNOALKO MAAL, YN0 NPAKMUNE-
CKU HEBO3MOICHO 0bHaApYsIcumsd e2o deusicenue. Kpome mozo, nockosvky amo
NPOBOJAUEE BEWELCTNBO, KOMOPOE 8 OGHHBLT MOMEHM UCIHLIMBIBAEM NPUMAIICE-
HUE, KAK NPAGUAO, NOKOUAOCL HA OPY20Mm Nposodsusem npedmeme (Hanpumep,
3EMAA, HCAOBEUECKOE MEAO, DEPECAHHVITL CMOA, AUCT OYMA2U UAL MEMAANL-
weckas nAGCmuna), ono bydem umemsv cymmaproill 3apsad, kozda aemum no
HANPABAECHUIO K Hamepmomy niacmuky. Y cymmapruid 3apad na nposodsusem
A€2KOM mpedmeme 8 amol cumyauuy bydem umems 3nak, NPoOmMuUBONOAOHCHbIL
3apAdY NPUMAUBAIOULE20 MENT.

DiekTpocraruyeckuii reneparop Kenbpuna, nogpasmen 7.12.1, ectb aHajor
KCIEPUMEHTOB 7.32 to 7.34. Pazuuna Jiiib B TOM, YTO OH UCHOJIb3yeT KaIlIu
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BOJIbI BMECTO MAJIEHHKUX KYyCOYKOB OyMaru.

31ech MBI HE pACCMATPUBAEM BJIUSHUE JIPYTUX HOCTOPOHHUX TEJ HA Pe3yJIb-
TaThl B 9KCIIEPUMEHTE C ssHTapeM. Kpome TOro, Mbl He PacCMaTPUBAEM, UTO ObI
[IPOU3OIILIIO, €CJIH ObI MBI IOMECTHUJIH IIPOBOJISIILYIO NN U30JUPYIOILYIO ILIACTH-
HY MeXKJIy HATEPTOI COJIOMKOI M JierkuMu mnpeameramu. Mbl Takxke He yum-
THIBAEM BJIMsIHIE (POPMBI OMOPHI HA PE3YIBTUPYIOIIYIO CUIIY, AEHCTBYIOIIYIO Ha
JIETKUE TIPEJIMETHI.

[TomobHble BaUsIHUST Wi BOOOINE OTCYTCTBYIOT, WJIM IIPOUCXOJSAT JIUIND C
OYeHb MaJIOfl MHTEHCHBHOCTBIO, €CJIM BJlara IONaJaeT Ha HATEPTYIO COJIOMKY
OT HAIUX PYK, WIA U3 OKPY2KAOIIEr0 BJIAXKHOTO BO3myxa. [lockobKy mpecHas
BOJIa BeJIET ceDsi KAK IMPOBOJHUK B 9TUX IKCIEPUMEHTAX, OHA MOXKET Pa3PsIUTh
HATEPTYIO COJIOMKY. 3a3eMJIEHIE MOXKET ITPOU30MTH JTHO0 depe3 HAIIM PYKH, JIH-
60 Yepe3 OKPYKAIOIIII BO3/IyX.

[Tocsre KOHTAKTa € AJIEKTPU30BAHHON COJIOMKOM, HEOOJIBIIIOE TPOBOJIAIIEE Te-
JIO MOKET IOJIyIUTDb 3apsi/] TOro K€ 3HaKa, 9TO M COJOMKA, 110 MEXaHU3My
ITKOQ. Tlocae 5T0ro KOHTaKTa, TEJO MAJaeT Ha 3eMJII0 BCJIEJCTBHE CBOErO Be-
Ca WJIU JIEKTPUIECKOTO OTTAJKUBAHUS OT COJIOMKH. DTOT MeXaHu3M paboTraer
HE OYEeHb XOPOIIO, €CJIA M3O0JIUPYIOIIEe BEIIEeCTBO BXOJAUT B KOHTAKT C HaTep-
Toil conoMkoil. Takum 06pa3oM, TOC/Ie IPUTSIZKEHUST U ITOCJIEYIONEro KOHTaKTa,
C HATEPTOH COJIOMKOI, M30JIMPYIOIIee TeJIO MaJaeT Ha 3€MJIIO 110 IIPONIECTBUN
HEKOTOPOTO BPEMEHU BBHUJIy CBOETO BeCa W MOTEPU 3apsiia COJOMKOM, KOTOpas
MTPOUCXOJUT caMO COOOM C TeYeHMEeM BpPEMEHU. DTa MoTeps 3apsija CBA3aHA C
TOM MAaJION TTPOBOIMMOCTDIO, KOTOPO# 00/1a/1aeT CyXOil BO3IYX.

Kak MbI BuuM, OY€Hb MHOI'O sIBJIEHHII U IIPOIECCOB IIPOMCXOJUT B IKCIIE-
pUMeHTe ¢ SHTApHBIM 3(D@HEKTOM, KOTOPbI aHaJorndeH sKcnepumenty 2.1. Or-
CIOZSI $ICHO, TIOYEMY 3TO 3aHSJI0 TaK MHOIO BPEMEHH, 9TOOBI JIOCTUYb $ICHOTO
MMOHUMAHWA TOTO, 9TO 37eCh IpoucxonuT. Kpome TOro, MblI JIUIIb ONKUCHIBAEM
HECKOJIBKO ITO/IpOOHee MHOTHE IIPOUCXOSIIIE B 9TOM IKCIEPUMEHTE MUKPOCKO-
MUYIECKHUE IIPOIIECChI, He 00bSICHSS caM KCIepUMEHT. JleifiCTBUTEIbHO, MBI TAK U
He O0BSICHWIIN, ITOYEMY 3apsi/ibl IIPOTUBOIOIOKHOTO 3HAKA IPUTATUBAIOT JIPYT
IpyTra, WA MEXaHU3MbI, OTBETCTBEHHBIE 3a JIEKTPHU3AIUIO TPEHUEM, WJIN I0-
9eMy HEKOTODBbIE Teja BeayT cebsi KaK IMPOBOIHUKHU, B TO BPEMs KaK JIPyrue
BeyT cebst KaK M30JISATOPBI, WJIM IIPOUCXOXK/IEHNE HEIIEKTPOCTATUIECKUX CHUJI,
KOTOPBIC YJICPXKUBAIOT 3apdAAbl Ha IOBEPXHOCTU 3JICKTPU30BAHHBIX WJIM II0OJISA-
PU30BAHHBIX IIPOBOJHUKOB W U30JISITOPOB; HE OOBbSICHUJIU MBI TaKKe, MOYEMY
CHJIa 3aBUCHUT OT PACCTOSHUSI, TPUOOIIEKTPUIECKUI Psifl, WM [I0YEeMy Olpejie-
JIEHHOE TeJI0 A 3apszKaeTcs OTPUIATENBHO IPU TPEHUN IPOTUB JAPYroro rejaa B
(BMECTO TOrO, YTOOBI 3aPAAUTHCS OJIOKUTEIHHO UJIU OCTABATHCH JJIEKTPUIECKH
HEHTPAIBHBIM) U T.J.

B smo6oM cityuae, cerofiHst Mbl IMEEM JIOCTATOYHO XOPOIIIee IPEJICTABICHUE O
TOM, 9TO IIPOUCXO/UT BO MHOTUX JIEKTPUIECKUX SIBJIEHUSX. BoJiee TOro, Mbr Mo-
2KE€M KOHTPOJINPOBATH MHOTHE MEXAHU3MBI, JIEZKAIIUE B OCHOBE STUX IIPOIECCOB.
DT0, KOHEYHO, TIPEJICTABIISIET OO0 GOJIBINON IMAr BIEpe/l B HAIIIEM TOCIOJICTBE
HaJ| IPUPOJIOH U B HAIIEM ITOHUMAHUU MHOTUX (DU3UYECKUX SBJICHUIL.

DJIEKTPUYIECTBO HE MMeEET TAKYIO JJIMHHYIO UCTOPHIO KAK aCTPOHOMHUSI, Te0-
MeTpUs U MeXaHUKa. VIMEHHO II09TOMY HAM JIOCTYITHBI CETOTHS OPUTUHAILHBIE
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MIPOU3BEJEHIS MHOTUX YYI€HBIX, KOTOPble BHECTHN OOJIBIION BKJIAJ B OTKPBITHE
HauboJIee BayKHDBIX IJIEKTPUIECKUX SBJICHUH. Upe3BbIUaitHO MHTEPECHO BOCIIPO-
U3BOJUTH IKCIIEPUMEHTHI 3TUX IIePBOOTKPHIBATENIEH ¢ IIOMOIIBIO IIPOCTHIX, HEJI0-
porux marepuayioB. OUeHb UHTEPECHO TAKXKE UYUTATH OIMMCAHUS STUX PabOT ca-
MUMU aBTOPaMU U CMOTPETH, KaK OHH PearupoBaJiil Ha CBOU OTKPBITHUS, YeM OHU
PYKOBO/ICTBOBAJINCh U T.JI.

C moMoIbIo 3TON KHUTU MBI HAJEEMCsI TOMOYb JIPYTUM HMPOCJIEINTh, KaK
OTKPBIBAJNUCh MHOTHE y/IUBUTEIbHbIE BJIEHUS IIPUPO/Ibl BEAYyIIUMU yIeHbIMU B
HadYaJbHBIE TIEPUOJIbI PA3BUTHUS HAYKHA 00 JIEKTPUIECTBE.
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IIpunoxennme A

Onpenesienus

Huke MBI maeMm ompejiesieHnsi HEKOTOPBIX BBIPAXKEHUHN, UCIOIb3yEeMbIX B ITOIt
KHUTE.

fuTaps — TBep/asg MOTYIPO3padHas UCKOMMaeMas CMOJIa YKeJITOBATOrO WJIH
KOPUYHEBATOI'O IIBETA.

l'araT — KOMIaKTHBII 6GapXaTHO-YEPHDIN YTOJIb, KOTOPBIH XOPOIIIO MTOIIAeTCs
IOJINPOBKE.

Kerryr — npounast HUTh, KOTOpas OOBIMHO M3TOTABJIMBACTCS U3 BBICYIIICH-
HBIX OBEYbUX KHUIIOK.

Koman — cBexass min uckonaemast CMOJIa PA3IUIHBIX TPOIMUIECKUX JTE€Pe-
BbEB.

DuHTIIAC — TsXKeJoe DJIecTsIee CTEKJIO, COJIEPIKAIIee OKCHJ CBIHIIA.

[Tessrax — cMoOJIEICTOE BEIECTBO, KOTOPOE CEKPETHPYETCS HEKOTOPBIMH BU-
JaMH ITapa3UTUIECKNX HACEKOMBIX.

Heition — m10060it 13 MHOTOYHCIEHHBIX MPOYHBIX YIPYTUX CHHTETHIECKUX
MTOJTHAMUJTHBIX MATEPUAJIOB, BHUIEINIEHHBIX B POPME BOJIOKHA, HUTH, IIIETHH UJIH
JIICTOB, UCIOJIb3yeMbIX B YaCTHOCTHU [JIs U3TOTOBJICHUA TEKCTU/IBHBIX TKaHell u
I1JIACTUKOB.

ITosmamu, — mosmMep, COMEPXKAITUN NN aMUJIHBIX TPYIII, TOJUMEPHBIH
amut. Hefton siBasieTcs CHHTETHYIECKAM MTOJTMaMUTHBIM MATEPUAIOM.

[Tosmscrep — KaTeropus MOJIUMEPOB, COIEPKAIIUX CIOKHOIPUPHYIO (DyHK-
[IMOHAJIbHYIO I'PYIILY B CBOCIT OCHOBHOH IIECIIN.

Cmona — mi000# M3 PA3IUIHBIX TBEPJIbIX UM IOJIyTBEPIBIX aMOPQHBIX
IJIABKUX FOPIOYMX IIPUPOJHBIX OPraHUYeCKNX BEIeCTB; KaK IIPaBUJIO, IPO3pad-
HO€ WJIN TIOJIYIIPO3PATHOE BEIECTBO, YKEJITOBATO-KOPUIHEBOI'O 11BeTa, 00pasyer-
cs Jalle BCero U3 PaCTUTEIbHBIX BbIJICJICHU.
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IIpnaoxkenne B

CruBen I'peit 1 OTKpbITHE
3JIEKTPUYECKOM
ITPOBOIMMOCTU

OpvH n3 HamboJiee BaXKHBIX aCIEKTOB BCeil HAyKU 00 3JIEKTPUIECTBA COCTOUT B
TOM, UTO €CTh JBa OOJIBIMUX KJIACCA TeJ C PE3KO OTJIMIAIOITUMUCS CBOMCTBAMU:
U30AAMOPBL U NPOBOJHUKYU. B cilydae M30J9TOPOB, 3apsijibl, KOTOpbIE 00pa3y-
I0TCSl B Pe3yJIbTaTe TPEHMUsl, OCTAIOTCS HA HATEPTOM yYaCTKe U HE PaCIpoCTpa-
HSIFOTCsI BIIOJIb MaTepuaJia. HaTepTolil U30JsTOp HE Pa3psiKaeTcs MPpU KOHTAK-
Te ¢ 3emiieil. B IpoBOJHUKAX, C APYTOil CTOPOHBI, 3apsi/ibl, TeHEPUPYEMbIE TTPU
TPEHUN, MTHOBEHHO PACIIPOCTPAHSIOTCS HA BCIO MIOBEPXHOCTH TPOBOAHUKA. [Ipu
KOHTAKTe C 3eMJIEll 3aPs2KEHHBIN IPOBOIHUK OBICTPO Pa3Ps2KAETCH, TePsisd BeCh
CBO JIEKTPUYECKUI 3apsas,.

OTKpbITHE 9TUX JBYX THUIIOB BEMIECTB U WX OCHOBHBIX CBOWCTB ITPOU3OIILIO
CPaBHUTEJHHO HeJaBHO B ncropuu sjekrpudecrsa. Crusen ['peit (1666—1736)
CJIeJIaJl 3TO BEJIMKOEe OTKpbITHe B 1729 romy, omybsmkoBaB dyHIAMEHTAIBHYIO
pabory 1o sToMy Bompocy B 1731 romy.! BoT HECKOIBKO CCHLIOK, OCBEITAIONTHX
HEKOTOpLIE ACHEKTHI €T0 JKU3HH 1 HayIHoi paboThL.? EMy IprHaIesKaT HeKOTo-
pbie n3 HamboJIee BaXKHBIX PAOOT, ONMyOJTUKOBAHHBIX B PAHHUI TEPUO PA3BUTHUST
3JIeKTpUUecTsa.’

I'peit poguiicst B 1666 roay 8 Kenrepbepu, Auriust. Her Hu oiHOr0 n3BecTHO-
ro noptpera I'pesi. Ero orer u ero 6par ObLIM KPACUIBITUKAMUI 110 TTPOECCUN.
OHu Kpacwiu TKaHU B MPOIECCe WX M3roToBJIeHns. Kak ycraHoBua XeisiopoH,
cam I'peit Toxke paboTan KpacmibimukoM.? OH HUKOTIa He yIHICA B YHHBEPCH-
TeTe, 1 He ObUT TPOECCHOHATBHBIM YIEHBIM; €70 BKJIA bl B HAYKY OTHOCSATCS B
OCHOBHOM K aCTPOHOMHUHU U IJIEKTPUUIECTBY. BeposTHO, OH HUKOT/A HE OBLI YKe-

1|Grah).

2|CM79], [Hei81c|, [Hei99, cTp. 242—249], [CCO0] u [BC10].

3[Chi54], [Grab], [Grah], [Grad], [Graf], [Grag], [Grae], [Grai], [Grac] u [Graa].
4[Hei81c].
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unat. B 53 roza, oH cTas meHCHOHEPOM U IOCETUICA B 6JIArOTBOPUTEHHOM JIOME,
rJie 2KNJii BbIIIE/IIIINE Ha IIEeHCUI0 MOPCKHNE KalluTaHbl 1 MaJIOUMYIIHeE. }KI/IBHH/IG
TaM JIOJIA HE TOJIOJAJIN, HO BeJId MPOCTYIO YKU3HB 6e3 ocoboro komdopra. Ou
2KUJI TaM, MOKa He yMep B Bo3pacTe 70 JeT.

Bo3MO0KHO, 9TO OH yUHIICS y CBOErO JIpyTra, KOPOJIEBCKOro acTpornoma Jlykona
Dumernaa (1646—1719). B 1707 roxy Pomekep Kore (1682—1716) npusen ero
B Kembpux. I'peit 6611 n3bpan wienom Koposesckoro obmectsa B 1732 romuy.
B zaciyry 3a ucciemoBanus mo 3/eKTpudecTBy, ['peit ObLT mepBbIM HATPAXKIEH
KoposieBckum obrmectBom Mepanbio Korm 3a HaydHBIE TOCTUYKEHUS.

WNaTepec K 3JIEKTPUIECTBY Y HEro MOSIBUJICSA Ojaromapsi cratbsm DpaHcuca
Xoykcou (pomuscsa okosio 1666 u ymep B 1713 rozy), koropbie Obum ory6Jiu-
KoBaHbl B EcrecTBernHoHayIHBIX Tpymax obmectBa B mepuon ¢ 1704 mo 1707.
Xoykcbu ommcas KCIEPUMEHTRI ¢ HATEPTON CTEKJIAHHONW TPyOKOi, KoTopas He
TOJILKO MPUTSATHBAJIA HEOOJIBIITNE ITPeIMeThI, HO TaK»Ke UcIycKaJja cser. B 1708
rogy I'peit manpasun nucbmo I'enepasnbaomy cekperapio KoposeBckoro obire-
crBa Xancy Craoyny (1660—1753), rue oH onucas psiji IKCIEPUMEHTOB 110 3JIEK-
TpHUYecTBy. DTO IMHCHMO OBLIO OMYBINKOBAHO TOALKO B 1954.%° B 3TOM muchMe oH
OIHCAJI HECKOJIBKO SKCIEPHUMEHTOB, AaHAJOTUYHBIX dKciepuMenTtam [epuke, rie
IyXOBOE II€PO CHAYAJIA [IPUTATUBAETCS HATEPTHIM CTEKJIOM, IPUXOAUT B KOHTAKT
C HUM, a 3aTeM OTTAJKUBAETCS OT HEro, Kak B skcrepumMenTe 4.4. Xorsa ['peit ne
nponuTupoBals I'epuke B cBoux paboTax, OH, BO3MOXKHO, 3HAJI O €0 IKCIIEPUMEH-
tax.5 B 1720 romy I'peit omy6amKoBaa CTaThIo ¢ OMHECAHIEM HOBBIX 9KCIePUMEH-
TOB O 3JIEKTPUUIECTBY.. B 5T0il paboTe OH OIMCAJ HEYTO BPOJE JIEKTPHICCKOTO
MasTHUKA, & TAKXKe HEM3BECTHDIE JI0 TOTO JIEKTPHUYECKUE BEIIeCTBa. 10 eCTh OH
00HAPY2KWJT HOBBIE BEIECTBA, KOTOPhIE MPUTSATUBAJIN JIETKHAE TeJa, UJIH XKe Ca-
MU [IPUTSITUBAJINCH JIEPEBIHHBIMU [IPEIMETAME WJIA Y€JIOBEUECKUM TEJIOM, KOTJIa
9TH BEIIECTBa MOABEPIrajnuCch TPEHUIO, KaK B 3kcrepumenTe 3.10.

B.1 Saexkrpudeckwuii reaeparop I'pes

I'naBubIe ero oTkpbITHs ObBLIM CaesaHbl B mepuona ¢ 1729 mo 1736, korma o
661 B Bo3pcre ot 63 g0 70 ster. OCHOBHASI CTAThsl C OMMCAHUEM €TI0 OTKPBI-
THs TIPOBOJHUKOB U M30JIATOPOB 6bLIa ommybiukosana B 1731 roxy.® Jo sroro
BpPEMEHN HHUKOMY He yIaBaJIOCh JOOUTHCs, 9TOOBI METAJI MPUTITUBAJ JIETKUE
Tesa, JIaXke C MOMOIIBI0 TPEHUs, MOJ0IPEBa WJIU yaapa 0 METAJLIy. JTO ObLI
OJIH U3 CAMBIX BayKHBIX OTKDPBITHI ['pes: OH HayJHJICsH IMepelaBaTh JIEKTPIIe-
CKO€ CBOHCTBO NIPUTATUBATH JIETKHE Teja OOJIBIIIOMY KOJIMYECTBY Pa3HOOOpas-
HbBIX BelleCTB, KOTOpbIE 0 HEro HUKTO HE MOI' 3JIEKTPU30BaTb. Fpef/i HEe MOTI
3JIEKTPU30BaTh METAJIBI TTOCPEJCTBOM TpeHus. Ho oH moka3asi, 9To MeTaslibl
proOpPETAIOT CBONCTBO MPUTSTUBATL JIETKWE TeJja, €CJIU WX IPUCOEIUHUTH K
HaTEPTO TPyOKe M3 PJIMHTIIIACA, WK IIPOCTO MEPEMEIIATH 9Ty TPYOKy BOIUN3U

5[Chi54].
6[Chi54, crp. 38, 3amerka 6].
7|Grab].
8[Grah].
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MeTaJljIa.
9

Ero pabora HaumHaeTcs CJIEyIONIMHI CJIOBAMHU:
B 1729 roay s coobmunt nokTopy /lesariosibe u psaiy Apyrux ToCio
OTKPBITHE, KOTOPOE ¢ CJIeIall He3a/I0JIr0 JI0 3TOr0, HOKa3bIBAIOIIEE,
YTO JIEKTPUIECKOE CBONCTBO CTEKJISIHHON TPYOKH MOXKET ObITDH IIe-
peJlaHo JII0OOMY JIPYTOMY TeJy, C TeM YTOOBI IIEpeJiaTh UM Te K€
CBOWCTBA NPUTSATUBATD U OTTAJKUBATDH JIETKIE TeJIa, KAKUe IOy da-
er cama TpPyOKa Ipu ee BO3OYKJIEHUH TPEHUEM; UTO 9TO CBOUCTBO
[IPUTSATUBATD MOXKHO II€PEJIATh TeJaM, KOTOPble HAXO/ATCS HA pac-
CTOSIHUY B HECKOJILKO (byTOB OT TPyOKH.

[Tonbie crekastHEBIE TPYOKU Y HETO OBLIN M3TOTOBJIEHBI U3 (DJIUHTIJIACA, TO
€CTh TSKEJIOrO OJIECTSINEro CTEKJa, COAEPrKallero oKcul ceunma. OH HaTHpas
TPYOKY TOJIBIMA PYKaM#, KaK OH YIIOMHHAeT 00 9TOM B CBO€ii CTaThe B KOHIIE
1707 u magase 1708 roma:l?

¢l ucrosib30Basl CTEKJISIHHYIO TPYOKY HPUOJIM3UTEIBHO TAaKOIO Ke
pa3mepa, 9TO U y T-Ha XOyKcOM, HO BMECTO TOr'O, YTOOBI HATHPATH
ee OyMaroii, Kak OH PEKOMEHJIYeT, si OOHAPYKWJI, ITO C OOJIBIITIM
YCIIEXOM 3TO MOXKHO CJI€JIATH, HATUPAsi TPYOKY TOJIBIMU PYKAMHI.

OHn Takzke JepKajl HATEPTYIO CTEKJISTHHYIO TPYOKY B PyKax BO BPEMs IKCIIe-
pumenTos. [lockonbKy TpyOKa He pa3psKaJyach 4epe3 PYKH, ITO O3HAYAET, ITO
TpyOKa Bejia cebsi KAK OYeHb XOPOIIUl M30JIATOD, YTO OTJIMYHO OT IIOBEJIEHUS
OOJIBIMMHCTBA COBPEMEHHBIX CTEKJISTHHBIX ITPEJIMETOB B 0OUXOJIE.

Brigensronieecs: ipu TpeHUU TEILIO, KAK IIPABUJIO, BEJIET K YBJIAXKHEHUIO PYK
BCJIEJICTBUE TIOTOBBIIeeHus1. ClIeI0BATEIbHO, CTEKJIO TOXKE MOYKET CTATh BJIAK-
HBIM BO BpeMsd ITOrO IIpoliecca, YTO BeJleT K YaCTUYHOH IIoTepe ero U30JUpyIo-
mux cBoiicTB. Omuurriiac ['peda numen dopMy Moo MUINHIPUTIECKON TPYOKH,
gmnoit 1 M. Jlmmaa TpyOKH, BEPOsITHO, CIIOCOOCTOBAJIA COXPAHEHUIO €€ U30JIH-
pyrommx cBoicTB. Bo3MOXKHO OH HaTHpaJ TOJBKO OJIUH KOHEIl TPYOKH, J1eprKa
ee pyKamu 3a Jpyroit komer. Eciin Tak, TO CpeiHsisi YaCTh TPYOKHM OCTaBAJIACH
CyXOit, 9TO OOBSICHSIET COXpaHeHne TPYOKON B JTOCTATOYHON CTEIIEHN CBOUX M30-
JIAPYIOIIUX CBOMCTB.

CreknsaHasi TpyOka ['pest O6bLIa HE TOJBKO OTJMYHBIM H30J9TOpOM. Kak
MBI YBUJIAM HUZKE, €My YJIaJIOCh IlepeJaTh IPUTATATeJbHYIO CAJLY OYeHb JIJINH-
HBIM TPOBOAAmM THypaM. CTEKJIO KOCAJIIOCh ITHYPa WA HAXOMAUIOCH PIIOM
C OJIHMM U3 €ero KOHIIOB, JIpYI'oii KOHeI] IIHypa MIPUTATUBAJI IIPU 3TOM JIUCTOY-
KU JIATYHA. DTO O3HAYAET, 9TO €My V/aJ0Ch CO3/IATh CHJIBHYIO TOJISPUBAIUIO
IHypa, by1arofaps OOJIBITIOMY KOJUYECTBY 3apsJ/iOB B CTEKJITHHONW TpyOKe. Ero
CTEeKJIsIHHAs TPYOKa ObLa B COCTOSTHUU TIOJIyYUThb W COXPAHUTH OOJIBINOE KOJIU-
YEeCTBO 3JIEKTPUUECKUX 3aPsI0B B IIPOIEcce TPEHUC.

Omn ommcan TpybKy Tax:'!

9[Grah, crp. 18—19].
10[Chi54, crp. 34 u 37].
1[Grah, cTp. 20].
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Ipex /e WM MPUCTYIIATH K OMUCAHUIO CAMUX KCIIEPHUMEHTOB, CJIe-
JyeT HoKaJlyil j1arTh onucanue Tpyokm: Ee jummna cocrasisier Tpu
dyTa waATH M0iMOB |1 M|, B 0KOJIO OIHOTO JOfiMA U JIBE JIECATHIX B
[BremHeM| nuamerpe [3 cM]: f naio cpennue pasmeps, TpyOKa uMe-
eT GoJIbIMe pa3Mephl Ha KOHIIAX, 9eM B CepeInHe, OTBEPCTHE OKOJIO
oxmoro moiima [2,54 cm|. Ha kaskmom KoHIle TpyOKHM st mpmesiast
npo6Ky, YTOOBI COXPAHUTD €€ OT MBLIN JI0 U MOCJe TPOBEICHUS IKC-
[ePUMEHTOR.

DTOT MOCJIeIHsIsT MePa IPEIOCTOPOKHOCTH, BO3MOXKHO, ObLIIA MOTHBUPOBAHA
IKCIIEPUMEHTaMU XOYyKCOU, KOTOPBbIE MMOKA3AJIU, YTO 3arpPs3HSIONINE BEIECTBA
BHYTPHU TPYOKH MOTYT IPHBECTH K IOTEpe 3apsIoB. 2
Tpenue 3T0# MO0 CTEKJIAHHOW TPYOKU PYKAMHU CJIYZKHUJIO JIJIsI HETO CTAH-

JaPTHBIM 3JIEKTPUYECKUM I'€eHEPpATOPOM.

B.2 OrtkppiTue 3JIeKTpU3alidd IIOCPEJICTBOM Iie-
peaavan

Teneps MBI TOAXOAUM K BEJIMKOMY OTKDBITHIO I'pesi, cremanHoMy B deBpase
.13

1729 (xypcus Ham):
Ilestb MOEro 1epBOro 3KCIEPUMEHTA COCTOsIIA B IIONBITKE OOHAPY-
JKUTh DA3HUILy B CHJIE IPUTsKEHMsl, KOIrJa Ha KOHIAX [HaTepTOii]
TpyOKHU OBLTN HaCAYKEHBI TPOOKU M KOTJA STUX IIPOOOK He OBLIO, HO
HE CMOT' OOHAPYYKUTH OIILYTUMYIO PA3HUILY; HO MPHU TIOJHECEHUN ILy-
XOBOTO TIepa OJIM3KO HaJl BEPXHUM KOHIIOM TPYOKHU, s OOHAPYKMUII,
YTO PO CTPEMUTHCS K MPOOKE, UCIIBITHIBAsI IPUTSI?KEHHE C [I10CIe-
JIYIOIIMM| OTTAJIKMBAHUEM OT HEro, KaK B CJlydae ¢ TPYOKOMH, BO30y K-
JIGHHOH MOCPEJICTBOM TPEHUsl. 3aTeM s JIEPXKAJI [I€PO HaJI, ILIOCKUM
KOHIIOM TPOOKHU, KOTOPBINA MPUTITHBAJ U OTTAJIKUBAJ €r0 TIOBTOPHO
MHOXKECTBO Pas; 9Mo He MaA0 MeHA YOUBUAO, U A NPUEN K 6b600Y,
YIMO, HECOMHEHHO, YMEHUE NPUMAUBAMD ObLA0 NEpedano K npodke
om 6036yotcdenHots mpyoKu.

BozMoxkHO OH HaTEp TOJBKO CTEKJISHHYIO TPYOKY, HO He 1mpobky. C mpyroii
CTOPOHBI, OH OTMETHUJI, YTO [IE€PO HCIBITHIBAJIO TPUTSPKEHNE W OTTAJTKIUBAHUE OT
pobKM, KOTOpast OblIa B KOHTaKTE ¢ TPyOKOoit. OH ¢1e/1ai1 IPOBEPKY U IPUIIIET K
BBIBOJLY, YTO JEACTBUTEILHO TaK OHO M IIPOUCXOJIMJIO, TAK KaK IIPOOKa IIPUTATHU-
BaJIa He TOJILKO CBOeil ODOKOBOIT IIOBEPXHOCTHIO, KOTOPAsl HAXO/MIACH B KOHTAKTE
¢ TpyOKOIi, HO TaKKe U IJIOCKOI TPaHbi0, KOTOpas He ObLIa HATEPTA U KOTOPas
He ObLIa B HEIOCPEJICTBEHHOM KOHTAKTE CO CTEKJIOM.

ITockombky I'peit He mpemocTaBu/I KaKux-aud0 depTekeil B cBomX paboTax,
TPYJIHO CKa3aTh C YBEPEHHOCTHIO, KAKOI MMEHHO KCIEPUMEHT OH IpoBes. Mbl
MOXKEM IIPEJIIIOJIOKUTE TPU BO3MOXKHBIX CIIEHAPHSI.

12|Haub| u [Hei99, crp. 245].
13[Grah, cTp. 20].
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(a) Bo3aM0oKHO OH Jiep2KaJsl CTBOJI IIepa B PYKE, [JIe CTBOJI CJIyKUJI B KAYeCTBe
n3osgaTopa. Toraa oH MOr HaOJIOATh, KAaK [IepO U3rudaIoCh, MPUTITUBAIOCH
¥ 3aTeM OTTAJIKMBAJIOCh OT IIPOOKM, ITOOYEPEHO KacasiCh NMPOOKY W €ro pyKy.
BoJstokna mepa paborasu 661 KaK ITPOBOJHUK, OYydn 3apsKEHHBIMU 110 MeXa-
uu3my ITKO ¢ mocaemyrommeit pa3psiiKoii, KOIia OHN KACAJINCh €r0 PYKU, U 3TOT
[IPOIIECC MOI' HOBTOPHUTHCS HecKoIbKo pas (Puc. B.1).

m//x FEF A\
7 gy e

JFFF U/

Puc. B.1: TlepBbrit BO3MOXKHBIH CIleHAPHUI SKCIIEPUMEHTa, KOTOPLIi mpusen ['pest
K €ro PEeIaoIeMy HabJII0IeHUTO.

(b) ITepo, BO3MOXKHO, OBLIO IPUBA3AHO K IIEJKOBOH HUTH, T.e. K H30JIATO-
Py, KOTOpPBIit coBepIa KoyiebaTeIbHbIe IBUKEHNS HAIOA00ne MasTHUKA. 1oraa
[epo 3apsi?KajIoch ObI IPU KOHTAKTEe ¢ MPOOKOil, 1 pa3psizKajioCh IIPU KOHTAKTE
C HAXOJAIIUMCS PsiJIOM IIPOBOJHUKOM, KaK, HAIIPUMED, C PYKOIl, JepeBsSHHBIM
obbekroM min creroit (Puc. B.2). B cBoeMm olmcaHny OH HCIOJIB30BaJ IVla-
roJI depotcamsb. JTO TOBOPUT O TOM, UTO OH Jep:KaJj mepo B pyke. I[Tockosbky
MIPUTS2KEHNE-OTTAJIKMBAHIE ITPOMCXOIIIO HECKOJIBKO Pa3 MO/IPS, BEPOSITHO, IIe-
PO HAXOAMJIOCH MeXK/ly POOKOil 1 poBogHrKOoM (pyKa I'pesi, creHa mim Kakoii-
10 Apyroii 0obekT). Korma npousoria s1eK Tpusanus wid nojsipu3arys IpooKu
HaATEPTON CTEKJITHHON TPYOKOil, MpOOKa MPUTSHYJIA [EPO. 3aTeM MEPO KOCHY-
JIOCh TIPOOKH, IPpUOOPEI0O HEKOTOPBINA 3apsi/i M OTCKOYMJIO OT ITPOOKU COTJIACHO
mexanu3my [TKQO. Tlepo 3aremM MOIJIO pa3psiUThCs Ye€pe3 KaKOW-TO ITPOBOHUK.
ITocse Takoit pa3psiiKu, 1I€po B OYEPETHON pa3 MPUTIHYJICA Obl 9J€KTPU30BAH-
HOIi WM TIOJISIPU30BAHHON TPOOKOM, U 3TOT IIPOIECC MOT ITOBTOPUTHCS HECKOJIb-
KO pa3. To ecTb TO aHAJOIUYHO TOMY, UYTO MBI BUIEIU B dKcrepumente 4.15.
Kak mb1 Buzmemn B pazzene 4.6, B 1720 I'peit cam mCob30Bal 3JA€KTPHIECKUT
MagTHUK C IIPUBA3AHHLIM K IIEIKOBOI HUTH mepom. 4

(¢) Tperuit BapuaHT COCTOUT B TOM, YTO ITOT IKCIEPUMEHT ObLI AHAJOIUIEH
IKCIIepUMEHTY, TpoBenennomy I'peem B 1708 u ommcannoMmy namu B paszeste 4.2.
To ecTb mepo, BOZMOXKHO, OBLIO 3aIyIEHO B BO3ayxe HaJ I mpobkoit. Torma ono
[IPUTSHYJIOCH OBl TPOOKOI Ha KOHIIE HATEPTOTO CTEKJIA, 3aPSINIOCH OBl IO MeXa-
wusMy [IKO, u 3aTeM OTCKOYNJIO OT TPOOKH. Kc/n 3areM 1mepo nepeMecTuyioch K
HAXOJAIIEMYCsl HEJIAJIeKO [IPOBOAHUKY (Hampumep, pyka ['pes, creHa wiu Japy-
roif IPOBOJHUK ), OHO IIPUTSAHYJIOCH OBl K 9TOMY NPOBOAHUKY. [lepo paspsiiuiocs
OBbI IPU KOHTAKTE C TUM IPOBOJHUKOM, M CHOBA IIPUTIHYJIOCH K JIEKTPU30BAH-
HOU WJIU TIOJISIPU30BAHHON TTPOOKe. DTOT IPOIEcC MOT MOBTOPUTHCSI MHOT'O pa3
(Puc. B.3).

DTOT TpeTuil BapuaHT KaXKeTcs HaM Hambojiee BepOsiTHBIM. ['peil BOCIOJIb-
30BaJICd TJIATOJIOM Jeporcamb €lie B CBOeM BTOPOM 3KcnepumenTte 1708 roga,

14[Grab].
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Puc. B.2: Bropoit Bo3MOXKHBIiT c1T0co0, KOTOPBIit MOT IpuBecTH ['pes K ero Kpu-
THUYECKH BaXKHOMY HAOJIOfeHNio. B 9TOM clieHapuu, 1mepo BUCUT HA IIEJIKOBOI
A30/IUPYIONIeil HUTH.
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Puc. B.3: Tpernit BO3MOXKHBIi clleHApUiT SKCIIEpUMEHTA ['pesi, KOTOPBIN IpUBES
K ero BaykHOMY HabOJoiennio. [lepo ocruinpyer B Bo3/Lyxe MeXKIy MPOOKOH 1
JIPYTUM T€JIOM MOOJIU30CTH.

onmcanuoMm B pazzene 4.1, p. 71. B srom ciydae, mocsie TOro, Kak IIyXOBO€
1epo OBbLIO BBIMYINEHO U3 IMAJBbIEB U ObLIO IPUTSHYTO HATEPTOH CTEKJISAHHOI
TPYOKOIil, €CJIM OHO HAXOUJIOCh Ha HEDOJIBIIIOM PACCTOAHUN OT OOBEKTA, OHO KO-
J1€6aJI0Ch OBl MEXKJIYy 9TUM OOBEKTOM U CTEKJIOM. MBI Ipe/iosaraeM, YTo 9TOT
akcrepuMenT 1729 roza ObLT aHAJIOTMYEH IKCIEPUMEHTY, OlMCAaHHOMY Ha Puc.
4.11. Pa3uumna cocTOUT B TOM, 9TO TeNepb MEPO OYIET OCIUJIINPOBATH MEXKLY
MIPOOKOI M COCETHUM TEJIOM, TJIe MPOOKA CUIUT Ha KOHIIE HATEPTON CTEK/ISTHHOI
TpyOKH, XOTsI caMa, MPOoOKa He HaTepTa.

Tpymamo TakKe CKa3aTh, CTOSJIA HATEPTAS CTEK/IAHHAS TPYOKA BEPTUKAIHHO
WA TOPU30HTAJIBHO. JlaxKke /Ui PACIIOIOXKEHHOI NOPU30HTAJIBHO TPYOKH, MOXK-
HO TOBODHUTH O ee  BepXHeM KOHIIe ", 0003Ha4as 3TUM OJIM2KHIOIO K HATEPTOMY
KOHILy 9acTh TPYOKH, KOTOpas JAJbIIE BCEI'O HAXOAUTCS OT HOBEPXHOCTH 3€M-
JIM, B TO BpeMs KaK HIKHHII KOHEI] O3Ha4YaJ Obl Ty YacTh HATEPTOrO KOHIA,
KOTOpasi PACIOJIOyKeHa OJinKe K MOBEPXHOCTH 3eMJId. BO3MOXKHO Tak»Ke, IYTO B
XOJIe IKCIIEPUMEHTA TIOJIOKEHHEe TPYOKH MEHSJIOCh KAKIM-TO 00Pa3oM.

Xorg 910 6bLI0 CilydaitHbIM OTKpBITHEM (10 cjoBaM I'pest “amo ne maao me-
HA yousuao,”) T'peil HA camMOM Jieie OKMJIAJ, YTO JIEKTPUIECTBO MOXKET ObITh
[epeIaHo APYrUM TesiaM. B MpoBe/ileHHBIX paHee SKCIIEPUMEHTaX OH HaOJIIomas
CBET, M3JIy4YaeMbIil HATEPTHIM TEJIOM B HAIIPABJICHUH JIPYI'HX TeJI, KOTOPbIE HE
ObLIN HATEPTHI, IMEHHO B TOT MOMEHT, KOIJ[a 9TH HEHATEPTHIE TeJia HOHOCH-
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Jimck 6/1M3KO K HaTepToMy. HerrocpesicTBEHHO 11epe;t OlICaHNEM PaCcCMOTPEHHO-
r'o BBIIIE SKCIIEPUMEHTa C I1epoM U IPoOKoii, I'peit nucas ciemyromee B cBoeil
craree 1731 roga:!®

3arem s pentus nprodbpectu 00JIbIIYIO TPYOKY n3 (JmHTIIacCa, ITO-
OBl yBUIETH, CMOI'Y JIX S PA3BUTH JAJIBIIE 9TO OTKPBITHE C €€ ITOMO-
IbIO, BCIIOMHUB I10J/I03peHNe, KOTOPOe IIPUIIIIO MHE B I'0OJIOBY HECKOJIb-
KO JIeT Ha3a/I, YTO IIOCKOJIbKY TPyOKa IepeslaeT CBET JAPYTUM TeJlaM,
€CJIM HATEepeTh ee B TeMHOTE, He OY/eT Ju OHa Iepe/laBaTh UM TaK-
7Ke JIEKTPUIECTBO, XOTS I HUKOTJIA JI0 9TOI'0 He IIPOBOJHII IOJO00HBII
9KCIIEPUMEHT, He IIPeICTaBIsst cebe, ITO TPyOKa MOXKET MMETh TaKOe
CIJIbHOE W YJIUBUTEIbHOE BJIMAHUE, YTOOBI 3aCTABUTD UX IIPUTHATHU-
BATb C TAKOW OIPOMHOM CHUJION, MJIK TITO TIPUTKEHNE OYIeT IeiCTBO-
BaTh Ha TAKHUX ITOTPSICAIOIIE OOJIBININX PACCTOAHUAX, KAK MbI YBIIIM
JaJbIIIe.

BakHOCTB 5TOr0 OTKPBITUS B TOM, 4TO ITpOOKa BeJeT cebs KaK ITPOBOIHUK,
Kak MbI Buzenn B nompaszesne 6.3.1 u 6.3.2. Ilo sToit mpuynHe nmpoOKy HEBO3-
MO2KHO 3apsIUTh TPEHUEM, €CJIM JIePKATh ee B PyKax BO Bpems Tpenus. To ecTb
J11000#1 3apsiji, KOTOPBIN OHA MOIJIA MOJyYIUTh B PE3yJIbTaTe TPEHUsl, CPa3y Ke
yrura Obl Yepe3 Harie Tesio. [109ToMy HUKOMY J10 9TOrO He YJaBaJIOCh 3aCTABUTH
MpoOKY, MeTaJIbl U HEKOTOPBIE JAPYThe MaTEepUaJIbl IPUTATUBATE JIETKUE TeJIa
1OCJIe TPEHUs, KAK 9TO JIETKO YIABAJIOCH C SHTAPEM WM C (DJIUHTIIACOM. ITO
OBLIO IMEHHO ITPUTSIXKEHHE Tepa TPOOKOIL, 9TO TPUBJIEKJIO BHUMAaHUE 'pest. 1o
HAOJIIOIeHIe HABEJIO €r0 Ha MBIC/Ib, YTO OH CMOI' IIepelaTh KaKHM-TO 00pa3oM
3JIEKTPUYECTBO IIPOOKM, KOTOPasi KJIACCU(PUIIMPOBAIACh KaK HEIJIEKTPUIECKUI
MaTepuasi. ITo OBLIO ImepBoe (pyHIAMEHTAJbHOE OTKpbITHE ['pesi B 9TOil cra-
The: IepeJada JIEKTPUIeCTBA APYroMy Tey (Kak MpobKa), He MojBepras ero
TPEHUIO.

CoBpeMeHHasi HHTEPIIPETAIMS UM MUKPOCKOIIMYeCKoe 00bsICHEHME “ClIOCO0-
HOCTH IIPUTSTUBATE’, KOTOPYIO ['pero ymajiock nepesaTh mpobKe, COCTOUT B TOM,
9TO OHA CTAJIa MOJIIPU30BAHHON, KaK B dKCIepuMeHTe 7.9. DTo MpOomLIIOCTpH-
posamo Ha Puc. B.4.

To ecTb MBOMUPYIONIYIO CTEKIAHHYIO TPYOKY 3apsaauin Tpennem. [Ipukpern-
JIEHHasI K HATEPTOMY CTEKJIy IIPOBOsINas IIpoOKa MOJsIpU30Bajiach. e BHyT-
PEeHHsIsI IOBEPXHOCTH MprOOpeia 3apsifl, TPOTUBOIIOJIOXKHBI 110 3HAKY 3apsily Ha
TpyOKe. Ee BHeIHsIS MOBEPXHOCTD MprOOpesia 3apsiJi TOTO K€ 3HaKa, 9YTO U Ha-
Tepras Tpyba. Haxomsimeecss psgoM mpoBosIee mepo ObLIO MPUTSIHYTO STHMHU,
PACIIPEIEJIUBITUMUCS 10 BHEITHEH TOBEPXHOCTHU IIPOOKH, 3apsiIaMu.

15[Grah, cTp. 19—20].
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Puc. B.4: [lonstpusarniust mpoBoIsiiieii MpoOKH 10,1 JIefiCTBIEM HATEPTOIO CTEKJIA.
IIpoBoisiiiee mepo TPUTATHBAECTCS PACIIPEICICHHBIMHA 110 BHEITHEN MTOBEPXHOCTU
MIPOOKU 3apsIIaMU.

B.3 Hp06y}K,Z[eHI/Ie CKPBITOTI'O dJIEKTpUu4ecTrBa Me-

TAJIJIOB 1N rZI;aJI]':HeI"/’IIHee n3yvdeHnune OTKpPbITUA
ITocote TOro CiIydaiiHOro OTKPHITH, I'peil IPONOKII CBOM SKCIepuMeHTEI. '
OH HaJaJI ¢ IONBITKY MOHSITh Ha, CHCTEMAaTUIEeCKOM YPOBHE, KAKUM TeJIaM MOXKHO
mepesiaTh “JIeKTPUIecTBO” W “criocobHOCTh mpuTsaruBarh.” OH TakKe XOTes
BBISICHUTB, KaK JAJeKO OH MOI Tepefarh 3Th cBoiicrBa. OH NpUKpeNnuI map
U3 CJIOHOBO# KOCTU IMaMeTpoM 3,3 CM, Uepe3 OTBEPCTHe B HEM, K JI€PEBAHHOI
najke jymaoi 10 cm. Ha apyrom komie 3Toi maKu Oblaa HacaykeHa MpoOKa,
[IOJICOe/IMHEeHHAsT K CTeKJIsiHHOI TpyOke. Kornma on Harep TpyOKy, OH 3aMeTHII,
YTO AP MPUTATUBAJ U OTTAJKHUBAJL I1€po GoJiee 3HeprudHo, yeM npodka (Puc.
B.5). Ou yBesuunn jymay pydku za 20 cM, a 3areMm Ha 60 cM, 1 OpUTSKEHTE
cOXpsHIIOCh. OH 3aMEHUJI JIEPEBIHHYIO MAJIKY YKEJIE3HBIMU U METHBIMH IIPOBO-
JaMH, U HAOIIOJA Te 2Ke caMmble 3D PEKTHI.

FFF

F F

BB

Puc. B.5: Hauajo cucremarudeckux akcrnepumMeHToB ['pesi.

Korma on yBemuumit qyuay mpoBonos 10 90 cM, OH 0OHAPYKUI MHOXKECTBO
BuOparnuit. 9Tu BUOpauy, BbI3BAHHbIE TPEHUEM TPYOKH, YCIIOXKHSIN HADIIOIe-
HUEe TPUTSKEHNsI. 3aTeM OH ITOBECHJI Iap Ha MIarar, KOTOPBIA CBUCAJ C TeT-
gu #Ha Tpybe. ITlmaraT mpeacTaBsia cobOM TOJCTBIN MIHYP, KOTOPBI OOBIMHO

16[Grah)].
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HCIOIb3yercst mas obepTku makeros.!” Korma ox maTmpas TpyOKy, map mpu-
TATUBaAJI IIOMeHleHHbeI 110/ HUM JIaTyHHbeI JIMCTUK C IIOCJIeAYIONIUM €r0o OTpa-
skeHneM. To ke caMoe MPOHM3OIIO C MPOOKOBBIM IMAPUKOM u 570 IrpaMMOBBIM
JKEJIE3HBIM IapoM, coequuenHbiM ¢ mmnararom (Puc. B.6 (a)). Puc. B.6 (b) na-
€T KadeCcTBEHHOE IMpeJCTaBIeHne 3apsjioB Ha U30Jupyomeil Tpybke, BMecTe ¢
MOJISTPU30BAHHBIM IIIATATOM U MPUBSI3aHHBIM K Hemy Mstaom. [Ilmarar m msta
SIBJISIIOTCST TTPOBOJIHUKAMH.

Q) r ) y

N
+ +
N

T

o 5 [
oo o o
o o o o

(a) (b)

Puc. B.6: (a) Korna I'peit HaTep cTeKIIsIHHYIO TPYOKY, OH OGHADY KU IIPUTSIIKE-
HUE JIETKUX JINCTOYKOB U3 JIATYHU TeJIaMU, MIPUKPEIJIEHHBIMU K HUZKHEMY KOHILY
cBucammiero ¢ Tpyoku mmarata. [IpurdarusBatorniee Tes10 MOTJIO OBITH JaxKe Me-
rasumdyeckuM. (b) KadecrBennoe npencrapienue 3apsjioB Ha CTEKJe, HAPSILY €
[OJIIpU3aIueil maraTa 1 IPUKPEIJIEHHOrO K HEMY Msda.

C moMOIIBIO TOJ00HBIX SKCIIEPUMEHTOB, MY YJIAJIOCh MepeIaTh JIeKTpuIe-
CTBO HATEPTOW TPYOKM HECKOJIBKHUM TeJiaM, COeJUHEHHBIM C Heil CTpyHaMu WjIu
[IIaraTaMu, B TOM YHUCJIe MOHETBI, KO4epra, MeJHbI Jafinuk (mycroi uim Ha-
[IOJIHEHHBIN BOJIOl), cepebpsHublil KoTesok u T.. Ilo ero CJIOBaM,18 BCE 3TU
Tesa “ObLIM CUJIBHO JIEKTPUYECKUMU, B COCTOSHUN MOJHATH JINCTOK U3 JIATYHHU
Ha BBICOTY B HECKOJILKO caHTUMeTpoB.” HakoHeI-To KOMy-TO y/IaJI0Ch 3aCTaBUTH
MeTaJljIbl IPUTATUBATH JIeTKue Tejia. HUKoMy He yIa/ioch MOJIYYUTh MOI00HBII
adpdexr B Teuenne 2000 sier ¢ MOMeHTa OTKpbITHs 3jekTpudecTBal Kak cka-
zan Xeitn6pomn,'? “|...] m Takum obpasom I'peit HakoHel cymesn TIPOGYIATL HX

CKPBITOE DJIEKTPUIECTBO.”

17[Hei99, ctp. 246, 3ameTxa).
18|Grah, crp. 22].
191Hei99, ctp. 246].
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B.4 TI'peit oTkpbiBaeT IPOBOAHUKN W U30JIATOPHI

I'peit IPOJIOIIKIII CBOU UCCIIEI0BAHUSI M €My yJIaJI0Ch 9JIEKTPU30BATh (UM, CKO-
pee, HoIApu30BaTh) (DJIMHTIIIAC, MATHETHUT, PA3JIMIHbIE PACTUTE/LHBIE BEIIECTBA
¥ MHOYXKECTBO JIPYTUX BeIecTB. KEro MeTo I MO3BOJIsiI TOAHUMATH JINCTOYKHU U3
sgaryun Ha Bbicory n0 10 cm. Ilocste aTux OnbITOB OH CHOBa BepHyJicd K pabo-
TaM C TOPU3OHTAJIBHBIMA TAJOYKAMH, IPUKPEIIEHHBIMA K CTEKJISTHHOM TPYOKe.
OH BcTaBuJI phIOOJIOBHBIE CTEPXKHM JIHHOM 80 ¢M B TPYOKY. DTH CTEPyKHU TaK-
JKe TepeJIaBajIi 3JIEKTPUIECTBO, HE3ABUCUMO OT TOTO, OBLIM OHU IOJIBIMU HJIN
crtomHbIMU. VICTIONIB3yst MAJI0OUKN U YI0YKHY, ¢ TPOOKOBBIME IIAPUKAMU HA, KOH-
max, oH Habromaa 3tu 3pdeKTrl maxe Ha paccrosauu 5,5 M. B mae 1729 on
YCIIENTHO TIPOJIOJI2KIII CBOM IKCIIEPUMEHTHI C JIEPEBIHHBIM IIECTOM JJINHOHN 7,3
M, TOJKJIIOYEHHBIM K CTEKJITHHOW TpyOKe. /layke mpu Takoi OOJIBINON JjTUHE,
MIPOOKOBBIN MIAPUK HA KOHIE TPOCTHUKA IPUTITUBAJ JIATYHHBIE JIUCTOYKH, KO-
ra Tpyoka HaTupasiacb. OH yBeIudwI JyuHy 10 9,7 M ¢ y4eTOM JJTHHBI CAMO
1pyOku. Ho cHoBa Kosiebanusi, KOTOpble BOZHUKAJIN [IPU TPEHUU TPYOKM, MCKa-
kaJm dKcrepuMedT. OH Penu CHOBA BOCIIOJIB30BATBCS MIAPUKOM U3 TPOOKU
WJIA CJIOHOBOW KOCTH, COEIMHEHHBIM C HUXKHUM KOHIIOM O€4eBKH, KOTOpasl caMa
obL1a mpukperuieHa K Tpyoke. Korma I'peit HaTupasa TpyOKy, Mapuk OBLT B CO-
CTOSIHUW TIPUTSHYTH JIATYHHBIE JINCTOYKU JlarKe IIPU JJINHE CTPYHBI 8 METpPOB,
I'peit crosin mpu sToM Ha OajKOoHE. 3aTeM K KOHILY JJIUHHONW TOPHU30HTAJIBLHOMN
IEPEBSIHHON TPOCTHU, APYToil KOHEI[ KOTOPOil ObLI MPUKPEILIEH K TPyOe, OH Ipu-
BfI3aJI BEPTUKAJIBHYIO HATH C IMIAPUKOM U3 CJIOHOBOI KOCTH HA HUXKHEM KOHIIE
HUTH — HAIIO/I061e IpoMaIHON yrouKu. JIJInHA J1epeBsiHHON TPOCTH JIOCTUTAJIA
5,5 M, a auT — 10,3 M. HaTepeB cTek/siHHYI0 TPYOKY, OH HAOJIIOIA, KAK IIApUK
W3 CJIOHOBOW KOCTU IPUTSTUBAJ JIATYHHBIE JINCTOYKY IO, HUM.

3aTeM OH HOIBITAJICS YBEJIUIATH JJTHHY [0 TOPU30HTAJIN, UCIIOIH3YsI TOJIHKO
mmrarat. C 9Toi 1esIbIo, OH CJeJiajl MeTJII0 Ha KayKJIOM KOHIE BEPTHKAJIHHOI'O
[IIIAraTa W MOBECUJI €r0 BepXHUIl KOHEIl Ha I'BO3b, 3a0UTHI B J0cKy. JIpyroi
maraT ObLT MPOJET Yepe3 HUKHIOK IEeTJII0 BEPTUKAJIBLHOTO IIIAraTa, a CTeK-
JigHHas TpyOKa ObLTa MpUBsA3aHa K €ro KoHiy. JIpyroit KoHer BTOPOTO IIaraTa
OBLI IPUBSA3aH K IIapy U3 CJIOHOBOH KocTw. Ecim mpociaenuTs 9TOT mimaraTt oT
mapa Ha OJ[HOM KOHIIE JIO CTEKJISHHON TPyOKM — Ha JIPyroM, OH HJET BEPTHU-
KaJIbHO MEXKJIy IAapOM M HUXKHUM KOHIIOM IIEPBOIO IIarara, 1 TOPU30HTAJIBHO
MeKJIy 9Tofl metriieit u TpyOKoit. Hike Msga M3 CJIOHOBON KOCTH OH HOMECTHUJI
JIaTyHHBIH JucTuK. B aToMm ciydae, korma ['peit Harep crekasgHHYIO TPYOKY, OH
HE CMOT' OOHAPYKHUTH MAaJeHIIero BIe9eHns JIaTYHHOTO JINCTKA K Iapy U3 CJI0-
HoBoii koctu (Puc. B.7 (a)).

BareM o ormedaet:20

IIpu sTOM 51 mpmIIes K BBIBOY, UTO, KOTJIA JIEKTPUIECTBO JOILIO
[or HaTepTOil cTeKIsHHON TPYOKH| 0 LeTsIH, MOJBEIIeHHON Ha 6aJl-
K€, OHO YTEKJIO K DaJiKe; TaK 4TO JIEKTPUIECTBO HE JOILIO J0 MA4a,
WIH, 10 KpaitHeil Mepe, JIOIIa OY€Hb MaJias YacTh €ro, YTO ObLIO

20[Grah, crp. 25].
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Puc. B.7: (a) Ilpn narupanuu cTeKJIsIHHON TPYOKH, IIAPDUK U3 CJIOHOBOI KOCTH
He TPUTATUBACT JIATYHHBIN JincToueK. B 310l cuTyanuu, mimarar ¢ Tpyokoi u
[IAPUKOM Ha KOHIAX, COEJMHEH TAKXKe C JPYTUM IIIAraToM, IIPUKPEIIEHHBIM K
norosiky. (b) CxeMaruuHasi HIUIIOCTPAIMs 3apsIOB B ciydae (a).

TIOATBEPKICHO BITOCJEACTBUHN, KAK 3TO OyIeT BUIHO B IKCIIEPUMEH-
Tax, KOTOpPbIE OYIYT ONMMCAHBI HUXKE.

[IpuBenem Teneps COBPEMEHHYIO MHTEPIIPETAIMIO 3TOro dkcrepumenTa. Ha-
TepTas CTEKJIAHHAS TPYOKa IOJIIPU3YeT cliepBa IpoBoasAnuii mmarat. Ho B sToM
cJIydae IIaraT, COeJMHEHHBI ¢ TPYOKOI, TaK2Ke COeIMHEH C 3eMJIell Yepe3 Jpy-
Ol MPOBOJISAIIUN ImaraT. depe3 3TOT MOCJEIHUI IIIaraT MPOUCXOIUT 3a3eM-
JIEHUE CBSI3aHHOTO CO CTEKJIOM IIIIAraTa, 110 aHAJOTWH C TeM, 9TO MbI BUIETU
na Puc. 7.30. To ecTs Koner mimarara B KOHTAKTe CO CTEKJIOM IIPHOOPETAeT 3a-
P51, IPOTUBOIIOJIOXKHBIN 3apsiLy Ha cTekJe. JIpyrue 3apsapl, KOTOpbIe ObLIN HA
koHie mapa Ha Puc. B.6 (b), pacupejenessl Tenepb 10 MOBEPXHOCTH 3eMJII
BestesicTBre 3a3emiienns. Ha Puc. B.7 (b) MBIl BUfuM CXeMaTHYHOE OIKCAHME
9TOrO IKCIEPUMEHTA B TEPMHUHAX 3aPSI0B, PACIPOCTPAHUBIINXCS IO CTEKIY U
mmarary. B aToMm ciiydae Ha Imape HeT CyMMAapHOTO 3apsija, 6ojiee TOro, map
nake He rosisgpu3oBaH. [losTomy Imap He IPUTATUBAET METAJINYECKHe JINCTKU,
pa3MmernenHble o1 HUM. B urosie 1729 roxa I'peit permui nmokasaTs 3TH 9KCIEpH-
MeHTBI cBoeMy ApyTy I'pansuiy Benepy (1701—1770). ¥V I'pes 6buta crutonmast
CTEKJITHHAs TPYOKa jumHol 28 cm u quamerpom 2 cm. OHu npuKpenuu K Tpyoe
OedeBKy C IMAPUKOM Ha HuKHEM KOHIe. 110/ mapukoM oHM pa3MecTmin JaTyH-
HBIH TucTUK. HaTepes cTeKIsaHuyo TPyOKY, OHIN MOTJIH HAOIIOIATh M3 OKHA, KaK
ap MPUTIATUBAJ JUCTUK U3 JIATYHHU, Tpu Jyune mmarata ot 4,9 mo 10,4 .

B kownre omnmcanusi cBoMX 3KCIEPUMEHTOB, ['peil MpejcTaBul CBOe Camoe
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6os1bIIoe OTKpBITHE: 2!

TTockosbKy y Hac He GBLIO 371eCh OOJIBIITNX BO3BBIIIEHUI, r-H Bejep
JKeJIaJl y3HATh, HE CMOXKEM JIU MbI TIepeIaTh 3JIEKTPUIECTBO TOPU30H-
TaJbHO. 3aTeM s PACCKA3aJl €My O MOeil MOMBITKE CIeIaTh UMEHHO
9T0, HO 6€3 ycIexa, COODIIUB eMy O METOJE U MATEPUAJIAX, UCIIOIH30-
BaHHBIX MHOI{, KaK y»Ke yIOMUHAJIOCH BBIIIE. 3aTeM OH MPEJJTOXKIIT
UCHONIB30BATH MIEJIKOBYIO HUTH JUIS TIOJJIEPYKKY JIMHUA [riepeaaqn|,
110 KOTOPOIl 3JIEKTPUIECTBO JIOJZKHO OBLIO HepeiaBaThbes. f1 ckazan
€My, 9TO 3TO MOXKET CpabOTarh Jiydlle BBUY €€ MAJOCTU [TO ecThb
T'peit mosarasm, 9ro 370 MOXKET cpabOTATH JIyUIlle, YeM B €ro IepBO-
HAYAJIBHOM SKCIEPUMEHTE, U3-33 MAJIOW TOJIIUHBI MIeJIKOBOM HUTH
[0 CPABHEHWIO C TOJICTBHIM MINATATOM|; TaK UTO OBLIO ObI MeHbIIe
[IOTEPDb JIEKTPUYECTBA U3-328 YTEUKU OT JIMHUH CBSI3U, C IIOMOIIBIO
9ero HaM yJIAJIOCh, HOCse OOJIBIIX TPYI0B r-Ha Besepa u ero ciyr,
JOOUTHCS ycrexa, KOTOPBIH [TPEB30IIIe/T BCE HAIYM OXKUTAHUS.

IlepBblit sKCcHIEpEMEHT OBLI IPOBEJIEH B MaTOBOM rajiepee 2 HIOJIs
1729, okoso gecstu yrpa. Okoso gerbipex dyTos [1,2 M| oT KoHIA
rajiepen ObLIa IepeKpeCcTHAs JUHIS, KOHI[bI KOTOPOil ObLIN TPHOUTHI
IBO3/ISIMU Ha KaXKJIOl CTOPOHE rajiepen; CPeJHssl 9acTh JINHUU CO-
CTOsLJISI U3 IIEJIKOBOM HUTH, OCTAJIbHASI YaCThb 110 KOHI[AM — IIIIarat;
3aTeM JIMHUSI, Ha KOTOPOH ObLI IO/BEIEH AP U3 CJIOHOBOH KOCTH,
7 C IIOMONIBIO KOTOPOIl 3JIEKTPUYECTBO JOJXKHO OBLIO IIepejiaBaThb-
cst oT Tpy6KU K Hemy, Oyayan 80,5 dbyTos [24,5 M| B myuHY, GblLIa
[IOJIOZKEHA Ha MIEJIKOBYIO HHTb, TaK UTO IIAp BUCEJ HA PACCTOSHUU
okoJio sieBatu pyros [2,7 M| 1mog Heil. 3aTeM APYroil KOHeN JIMHUK
[mepesagn| GbLT 1OIBENIEH Yepe3 METJII0 Ha CTEKJISTHHON TPOCTH, &
JIATYHHBII JIMCTUK Pa3MeCTHJIN I10]1 IApOM Ha Kycke Oesioif Oymaru;
KOIJIa TPYOKY HATUPAJIN, MY IIPUTIATHBAJ JIUCTUK, U yJIEPKUBAJ €10
B IIOJIBEIIIEHHOM COCTOSIHUU B T€UE€HUE HEKOTOPOT'O BPEMEHH.

ITpescraBiieHne 3TOro KCIEPUMEHTa MOXKHO Hajitu Ha Puc. B.8 (a). Ha ox-
HOM KOHIIE TIIAraTa BUCUT CTeKJISHHAA TPYOKa, a Ha IPYyTOM — IIap U3 CJIOHOBOM
koctu. [Tox rrapom Jstexkut statynansrit uctuk. [lnarar coctonT n3 ropu3oHTAIb-
HOU 1 BepTHKaJbHOI dacTeil. Ha cThike aTHX NByX YacTeil, OH OJIePKUBAECTCS
HaJI HATSHYTO#l 11esikoBoil HuTho. Korma ['peit HaTupaJs cTekso, map npuTari-
BaJI JIATYHHBINA JIUCTUK O/, HUM. Ho mpuTszkenust He ObLIO B CUTYAIUH, [IPEJI-
crapiernoit Ha Puc. B.7. B srom mocnennem citydae cTpyHa, Ha KOTOPOI BHCEJIO
CTEKJIO, TIO/IJIEPXKUBAJIACH B MIOJIBEIIIEHHOM COCTOSTHUH JIPYTHM IIIATATOM, IIPU-
KpEeNnJIeHHBbIM K IIOTOJIKY.

Puc. B.8 (b) maer cxemaruyHoe NpeJCTaBJICHUE 3aPAOB B 9TOM IKCIIEPHU-
MeHTe. B 9TOM ciIydae mimarar mojiiepKuBaeTcsi H30JIITOPOM, & UMEHHO, C IO~
MOIIBIO IEJIKOBON HUTH. 37ech HeT 3a3emiyenus. Curyanus mojobHa TOM, 9TO
n3obpaxkena Ha Puc. B.6 (b).

21[Grah, crp. 26—27].

262



wenKoBan F
HUTb <\ - F

(a) (b)

Puc. B.8: (a) I'peii Habional npuTsKeHue JIATYHHOIO JIICTKA, KOU/Ia OH HATH-
paJl CTEKJIAHHYIO TPYOKY. B 9Toit cuTyanuu mmarart, IpUKPEIUIEHHBIA K HATEP-
TOH CTEeKJISTHHOM TpyOKe, TojyiepKuBaJicst menkoBoi Huthio. (b) Cxemarmanoe
[IPEeJICTABJIEHNE 3aPsJIOB B ciyuae (a).

31echb MbI nMeeM (DYHIAMEHTAJIBFHOE OTKPBITHE IPOBOJHUKOB U U30JISITOPOB.
K mpoBomamkam oTHOCSTCS: TTPOOKA, CJIOHOBasi KOCTh, JPEBECUHA, IIIATAT, Me-
TaJImdIecKue mpoBoga u T.a. lllenkoBas HUTH paboTaeT Kak m3oaarop. ['peit
OBLI B COCTOSIHUM II€PEJIATh JIEKTPUIECTBO K IIPOBOJHUKAM IIOCDPECTBOM KOH-
TaKTa C HATEPTOU CTeKJsTHHON TpyOKoil. I[IlesikoBasi HUTB, C JAPYroil CTOPOHHI,
[IPEIOTBPAIAJIA TPOXOXKIEHNE W YTEUKY IJEKTPUIECTBa B 3eMJII0. B 310l cTa-
The I'pes OmmcaH eImne ONUH H30JIATOP, & UMEHHO, JIECKa, M3 KOHCKOTO Bojoca.??
B apyrux crarbsx Toro ke roma ['peit ymomuHa u Apyrue u301STOPbI, 8 UMEH-
HO, CMOJIy M Harperoe cTekso.23 OH jiea JIenelKy 13 CMOJIBI [T HOJIePKKI
TeJ, KOTOPBIM OH XOTeJ Iepe/IaTh IJEKTPpUIecKyio muasmy. B crarbe 1735 roma
OH OIMCAJl TAaK:Ke JIETIeIKN U3 ITYeJIMHOTO BOCKa, cephl U mesnaka.2? Bee stn
MaTepruaJibl OH HCIOJIb30BaJ B KadecTBE M30JIATOPOB MJIH, IO €ro CJI0BaM, KaK
2NEKMPUYECKUE MEAC.

IIepes Tem Kak IPOMOIKUTH STU IIATATHI, BAYKHO HAIIOMHHUTD O IIPOOJIEME CO
CTapbIMK U HOBBIMM HA3BaHUSIMU, KOTOPYIO MbI YIIOMUHAJIH B pas3jesie 8.1. Beme-
cTBa, KOTOpble [ mipbepT KiraccuduIimpoBal Kak aiekmpuyeckue, Terepb Ha3bl-
BAIOTCS U30AAMOpamu. BenecTBa, KOTOpble KJIACCHMUIIPOBAINCH KaK HeaNek-
mpuueckue, TeIepb HA3BIBAIOTCH NPOSOIHUKAMU.

DTOT SKCIepUMEHTa Impe/cTasIen Ha Puc. B.9.2°

Ha stom pucynke mzobpaxkenbl I'peit u ero apyr Benep. I'peit pep:xut u

22|Grah, crp. 36].

23|Grad, crp. 228| u [Grag, ctp. 399 u 406].

24|Grae, crp. 18 u 20].

25[Fig67, Tom 1, Puc. 227, crp. 441], [Fig85, crp. 321], [Bor| u [FM91, crp. 88].
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Puc. B.9: I'peit naTtupaer CTeK/ISAHHYIO TPYOKY JnHOM 1 M u3 dJymHTIIaca TO-
sgpivMu pykamu. Ilmarar, coenuHeHHbI ¢ TPYOKOM, MOJEPKUBACTCS MIEJTKOBOI
muThio. [Ilap U3 cJIOHOBOI KOCTHM Ha JIPYTOM KOHIIE IIIArara IPUTITHBAET Jia-
TYHHBIN JINCTUK TOJ HUM.

TPeT CTeKIAHHYI0 TpyOKy JmuHoit 1 M. K TpyOke mpuBs3am mimarat, Ha JIpy-
rOM KOHIIE KOTOPO# BUCHUT Iap u3 cjoHoBo# koctu. [Ilap Bucut 61u3ko 3emure,
C MeTaJUINIeCKuM omuaKamMu mog HuM. 1Ilmarar, ¢ mpuBsi3aHHON K HEMY CTeK-
JISHHO# TPYOKOM, MO/IEPKUBAETCS JIPYTUMU, IIEPECEKAIONUMU €r0 BEPEBKAMU.
Korma st ckperiieHHbIe JTHHIN SBJISIIOTCS TPOBOHUKAMH, II1AP HE TPUTITUBAET
Kycouku MeTaiia. C Apyroit CTOPOHBI, KOTJa 9T CKPEIEHHbIE JIMHUU BBITIOJTHE-
HBI U3 U30JIUPYIOIIEr0 MaTepuaJIa, Kak ek, Map TPUTATHBACT METAJLINIECKIE
OIMJIKU TI0JT HUM, KOryia ['peit HaTupaer CTeK/ISHHYIO TPyOKY.

[Ipencrasnenne ['pest 3TOro peniaonero SKCIepuMeHTa BOCIIPOM3BOAUTCS Ha,
Puc. B.10.%6

Puc. B.10: ITap u3 cJI0HOBOII KOCTU HMPUTATUBAET JIATYHHBIN JIUCTOYEK, KOTIA
HaTepTasl CTEKJITHHAs TPYOKa KacaeTCs TOPU30HTATBLHO PACIOIOKEHHOTO TIITa-
rara, WA KOTJa TPYOKa MOJHOCUTCs OJIM3KO K HEMY, IIPU YCJIOBUH, UTO IIIIAraT
[IOJIJIEPYKUBAECTCS IIEJTKOBBIMU HUTSIMU.

26[Nol53).
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Wurepecnas muniocrpanus oubita ['pest gaercs B kuure Jonmnenmeiipa (Puc.
B.11).27

Puc. B.11: mareprasi creksisinHas TpyOKa KacaeTcsi TOPU30HTAJBHONU BEPEBKU
¥ Iap OPUTSTUBAET JIETKWEe Teja. BepeBKa MOIIePXKUBACTCS M30IUPYIOIITIMI
CTPYHAMH.

CyiecTBoBaHNE MPOBOIHUKOB U H30JISTOPOB €CTh BTOPOe (DYHIaMEHTAJIBHOE
OTKpPBITHE, ONUCAHHOE ['peem B 3TOM cTarhe.

B.5 OTKprTI/Ie, 9TO dJIEKTpUuYieCKoe IoBeJeHme Te-
JIa 3aBHUCHUT OT €O BHYTPEHHUX CBOIICTB

ITocste aTux sxcunepumenToB, I'peit u Besep moriam mepenaBaTh 3JIEKTPUIECTBO
110 FOpI/ISOHTaJH)HOI‘/JI JIMHUU Ha PaCCTOAHUA 0 45 M C pa3BOpOTaMHu B JIMHUHN
pejladn, TO ecTh Immnarara. 11o32Ke OHU JOCTUIJIN JTAJbHOCTH 34 M IO IIPSIMOit
TOPU30HTAJBHON JIMHUU, IUIIOC 4 M IO BEPTHKAJM. 3aTeM OHU JocTurim 89 m
C TIOMOIIBIO TOPU3OHTAIBHON JIMHUKM C HECKOJIHKHMU TOBOPOTAMM, ITOJIEPIKU-
Basl JINHUIO BCETJIa HA IMEJKOBBIX HUTAX. 1IpM MOIBITKE YIJIUHUTH JIMHUIO €IIe
GoJibllle, IIeJIKOBasi HUTH obopBasiack. OHa He Morjia OO0JIbINE BBIIEPKATH BEC
[arara U BUOpalluy, BbI3BAHHBIE TPEHUEM CTEKJISTHHONW TPYOKH.

BareM MOCTIEIOBAJIO TPEThe MO CYeTy (QyHIaMeHTaJIbHOe OTKpbITHE ['pes

(kypcus mar):?8

Wrak, y MeHsi ObM B HAJWMYWU JIATYHHBIE U 2KEJIE3HBIE IIPOBOJIA,
¥ MBIl 3aMEHUJIU IIEJKOBYI0O HUTh TOHEHBKOM >KeJIe3HOH IPOBOJIO-
KO#f; HO OHa OKa3aJach CJUIIKOM CJIA0OMH, ITOOBI BBIJIEPXKATH BEC
suHUA [cBst3u]. MBI pemmmin Toraa monpoGoBaTh JATYHHBIN POBOJI,
npeBblIamuil 1o pasMepy [rosmuse| kesesusiii. OH GbLI B CO-
CTOSIHMM BBIJIEPKATH HAIY JIMHUIO IIepeiadn; HO, HECMOTPs Ha TO,
yTo [crekisiHHAs] TPyGa Oblia XOpOIIO HATepTa, He ObLIO HU Ma-
JIEHTIIero JBUYKEHWs! WJIM TIPUTSZKEHUST [JIATYHHOTO JINCTKA| MSTIOM,
Jaxke ¢ JIMHHO [cTeKIstHHOM, qymHol 1 M| Tpy6KOit , KOTOPYIO MBI
HCITOJIB30BAJIU, KOTJa yoeauanck B HeI((HEKTUBHOCTH HEOOJIBIIOTO
TBEPIOr0 TPOCTHUKA [U3 CTeKJa, JUMHON 28 cM|: Omo ybeduao nac

27Dop74].
28|Grah, crp. 28—29).
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6 mom, 4mo Haw NPedvdywul Yycner 6via 00YCA08AEH MeM, YO
HUMD, KOMOPaA No00epIHCUBaIs AuHuI0 nepedauu, Obua Weakosod,
a He Mmem, YMo ona ObiAa Maa020 PA3MEPa [moswunsy, Kax A u
npednoaazan 00 HA¥AAL IKCNEPUMEHMG; 31€Ch Mbl HAOJIOIAIA TOT
ke 3¢ddeKT, 9TO U B CIydae, KOTJA JUHUS, [IPETHASHAYCHHAS JJIs
repeavdn 3JIeKTPUIECTBa, IOJJIEPKUBAJIACH IIIIAraTOM; & MMEHHO,
YTO, KOTJIA [9JIEKTPUIECKHE| MAA3MBI JIOCTUTAIN HAThH WA GEUeBKY,
KOTOpasl MOJJIeP:KUBAET JINHUIO [[lepe/iadn]|, OHU yTeKasIn depe3 HuX
K JIePEeBSIHHOMY OpYCKY, K KOTOPOMY KaKJas U3 HUX ObLjaa IpuduTa
Ha KOHIAX, U MOITOMY HE PACIPOCTPAHSAINCDH JAJbIe BJIOIb JUHAM,
KOTOpas JTOJ2KHA ObLIa IepejIaTh UX IIapy U3 CJIOHOBOH KOCTH.

I'peit y2xe obnapyKmi1, KaK mepesaBaThb JIEKTPUIECTBO JEPEBY, METAJIIAM U
psiny apyrux BerectB. OH TakzKe 0OHAPYKIJI, UTO IIEJIKOBask HUTh MPEJIOTBPa-
ImaJia yTe4dKy JIeKTPUYecTBa depe3 Hee. TeM He MeHee, OH cIepBa IoJiaraJ, 4To
9TO UBOJIUPYIOIIEe CBOWCTBO OOYCJIOBJIEHO MAJIO TOJIIMHON IMEeJIKOBOI HUTH,
B CcpaBHeHHUHU C ToOJicTON OedeBkoit. Ha aToM skcmepumente, omHako, oH OOHa-
PY2KWJI, 9TO AB€ TOHKHUE CKPEIICHHbIC JIMHUU IIOYTH PABHOW TOJIIMWHBI — OIHA
MeTaJIUIMYecKasd, JIpyTras U3 IIeJIKa — BeJIu cebs COBEPIIEHHO I0-pa3HoMy. B To
BpeMsl KaK METaJUINIeCKasi MPOBOJIOKA (MJIM IIIATaT) JIEFKO IPOIYCKAJIA JJIeK-
TPUYECTBO B 3¢MJIIO, IIIEJIKOBad HUTL HE JOIyCKaJla IIOTOK 3JICKTPUIECTBA Yepe3
Hee. DTO 03HAYAJO, YTO B ITUX IKCIEPUMEHTAX UMEHHO BUJI MATEpHUAJIa OIpee-
JISLJT €0 CBOMCTBA. Pa3zMephl U TOMIIUHBI MATEPUAJIOB HE MMEJH 3/1€Ch BINSHUS
Ha TO, OYJyT JIN OHU BECTH Ceds KaK MPOBOJHUK WJIA KAaK HU30JIATOD, UTO HE
COOTBETCTBOBAJIO €r0 MEePBOHAYAIBHOMY IIPEJICTABJIEHUIO. DTO OBIIO €r0 TPEThEe
dyHIaMEHTAIBHOE OTKPBITHE.

B.6 OrtkpbiTue, 9TO 3JEKTPU3AIUs MOCPEACTBOM
nepejgadm MPOUCXOJUT Ha PaCCTOSHUN

OHUI TPOOIKIIIN SKCIIEPUMEHTHI U JOOUJIUCH TIEPEIATN JIEKTPUIECTBA HA PAC-
crosgnne 203 M ¢ OeyeBKOI, KOTOpast jesaja 8 Pa3BOPOTOB U MOIIEPKUBAJIACH
IMEJTIKOBBIMI HUTAMI. DTOT 3KCIIEPUMEHT TIpejicTasier Ha Puc. B.12 u B.13.2°

st IpsiMO#t JIMHUY, OHU JIOBEJIH JAJIBHOCTH Iepefadn 10 198 M, a 3aTeM 10
233 M. B nocseayromux sKcrepuMeHTax OHU BAPHUPOBAJIN TEJI0, KOTOPOE Bella-
ercs Ha cCBODOIHOM KoHIle OeueBKr. BmecTo Msiua u3 CJIOHOBOI KOCTH, OHI OpaJsu
GoJIbITyIo 8 M? KapTy MHpa, 30HTHK, MATHETHT C HO/BEIICHHLIM K HEMY MeTaJI-
JIMYECKUM KJII0UOM. Bce 9Tu MaTepuasibl IPUTATUBAJIH JATYHHBIH JIUCTUK, KOT/IA,
OHM TIPOTUPAJIN CTEKJSTHHYIO TpyOKy. Ilociie sToro skcrepumMeHTa, OHHU TO/BE-
CHJIM TPU TeJIa B PA3HBIX MeCTax BJIOJIb JINHUU Ilepesadn. Bee onn npusiekasn
JIATYHHBIN JIICTUK OIHOBPEMEHHO, KOIJia CTeKJI0 HaTupasin. OHU MOBECHIIN 1A~
2Ke JKMABOT'O IBIIJIEHKA 338 HOTHU M 3aMETHJIH, YTO IPY/Ib IBIIJIEHKA CTAJa CUIBHO
[IPUTATUBATD.

291GS89], [BWb] u [Dop74].
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Puc. B.13: Msau, nomiep>KuBaeMblii M30JUPYIONIIMI CTPYHAME, IPUTITHBAET
Jerkue Tesa. Hareproe CTEKJIO MOJHOCHUTCS K JIPYTOMY KOHILY IIPOBOJISIIIIETO
IHY Pa.

B KOHIIE CTaTbU OH OIIUCAJI APYrue SKCIICPpUMEHTDBI, JOKA3bIBAIOIINE, YTO OH
MOT TIepeJIaBaTh JIEKTPUIECTBO Ha paccTosguue o 270 M.

3aTeM 110cJ1e/I0BaJI0 9eTBEPTOoe 0 CUeTy OTKPBITHE, ONncanHoe I'peeM B 9T0ik
CTaTbe. OH IIOKa3aJI, 9TO MO2KHO IlepeJaBaThb 3JICKTPUIECCTBO BAOJIb JIMHUU CBA-
31, MPOCTO TOJHOCS HATEPTYIO CTEKJSHHYIO TPYOKy OJIM3KO K OJHOMY U3 €€

KOHIIOB, 6€3 KOHTaKTa MKy CTeKJISHHOII TpyOKoil u 6euenkoit:>’

B npucymemeuu 2-na Toddpu s cdesanr caedyrowue sxcnepumermo,
NOKA3LIBAIOULUE, MO INEKMPUNECTNBO MOHCEM, Goimb nepedaro om
mpybv, HE KACAACH MPU IMOM AUHUY NEPEIa U, & NPocmo nodep-
otcusas ee padom ¢ Hed.

30[Grah, crp. 33—34].

267



IlepBbrit 13 5TUX SKCHIEPUMEHTOB OBLT IPOBeIeH 5 aBrycra 1729 rosa.

¢l B3s17T KyCOK TOHKOIT BEpeBKHU, Ha KAKOi OOBITHO CymIaT Oejbe, Mpu-
MepHO ofmHHaAIATE dyToB [3,3 M| B /uIMHY; OHa ObLIA TI0/BEIIEHA
3a IeTJII0 HA BEPXHEM ee KOHIIE Ha I'BO3/b, 3a0UThIi B OHY U3 CTPO-
T YepiaKa, a Ha ee HUKHEM KOHIIE ObLIa MOJBEINeHa C IIOMOIIBIO
2KE€JIE3HOI'0 KOJIbI[A CBHHI[OBAsI MACCa BECOM YETHIPHANATDL (DYHTOB
[6,4 Kr|: 3aTeM s1 TIOMECTHJI JIMCTHUK W3 JIATYHHU II07, TPY30M, HATED
TpYyOKY, U ojiHeC OJIM3KO K JIMHUU, HE KacasiCh ee, CBUHIIOBBII Ipy3
MPUTSATUBAJ U OTTAJIKUBAJ JINCTUK U3 JIATYHU HECKOJIbKO pa3 IO/l
P, Ha BBICOTY IO KpaiiHell Mepe Tpu, ecju He deTbipe, foiitma [10
cum|. Ecsin Tpyfka jiepkajach Ha PACCTOSTHUM TPU UM YeThipe dyTa
[1,2 M| mam Tpy3oM, GBLIO TPUTSKEHNE; HO €CIM OHA OBLIa PACIIO-
JIOXKEeHA, BbIIe, OJIUKe K OaJiKe, Ha KOTOPOil Ipy3 OBLI MOJBEINIEH Ha,
TOHKOW HUTHU, TO He ObLIO HUKAKOTO [IPUTSIZKEHSI.

Munocrpaius 9Toro skcnepumenTa npejcrasiena na Puc. B.14 (a).

BOPCUHKa %

cBuMHel,

1

oo oo
(= o (= o
o o
o o
oo oo
o o o o

(a) (b)

Puc. B.14: (a) I'peii nepesaer criocoGHOCTb IPUTATABATH JIEMKUE TEJIa MeTaJLIIV-
YeCKOMY I'Py3Y, IIPOCTO IIOMECTUB HaTEPTOE CTEKJIO PAIOM € I'PY30M, He KaCasdCh
ero. (b) Cxemarmdeckoe IpEJICTABICHAE 3apsiIoB B ciiydae (a).

CoBpeMeHHOe TOHUMAHUE TOr0 SKCIEPUMEHTa COCTOUT B TOM, UTO HATEPTAas
CTEKJITHHAsT TPYOKa JIEKTPUIECKHN IMOJISIPU3YeT CBUHIOBBIN rpy3. HacTh Beca,
KOTOPasl HaXOJUTCsI OJIMZKE K CTEKJLY, JIEKTPU3YETCS 3aPsiJIOM ITPOTHUBOIIOJIONK-
HOT'O 3apsily CTEKJIa 3HAKa, a JAJbHss YaCThb CBUHIA dJIEKTPU3YETCH 3aPsIOM
TOTO K€ 3HaKa, 9YTO U CTEKJIO. JIaTyHHBII JINCTUK 3aTe€M TPUTATUBACTCST HUYKHEH
YaCThIO MOJIIPU30BAHHOTO CBUHIA. B OIPEIESIEHHOM CMBICIE 3TO aHAJOTUIHO
KCIepuMenTy 7.9.

CxeMaTUYHOE IIPEJICTABJIEHNE 3aps/IOB B 9TOM SKCIIEpUMEHTe JIaHO Ha Puc.

B.14 (b).
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B apyrux skcnepummenTtax I'peit Bemas Tesia Tak:Ke Ha MOHKUT 8EPEBKAT.
Touno He u3BecTHO, U3 Yero oHU ObLIN cresiaHbl. B a060M ciiydae, oHn QPyHK-
[IMOHUPOBAJIU B KAYE€CTBE U30JIATOPOB. B IpyroM m3BecTHOM 9KCIIEPUMEHTE, OIIH-
CaHHOM B 3TOi ctarbe 1731 roga, I'peit mogBecun maabumka BecoMm 21 Kr B Jie-
JKadeM Hojoxkennu,>! “na deyr eepeskar, muna mex, ma “em 06bHO CYULaM,
beave.” 3aTeM OH MOMHEC HATEPTYIO CTEKJISTHHYIO TPYOKY OJIM3KO K HOTAM MAaJIb-
YHKa, He KacasiCh UX, M 3aMETUJI, YTO JIUIO0 MAJbIUKa IIPUTATABAJIO JIATYHHBII
JINCTHK, JIEZKABIIWIA 10T HUM.

Hrode moBTOpmII 3KCIIEPpUMEHT ¢ MaJibaukoM B 1733 roxy. Korma on ucmosib-
30BaJ o0bruHble Bepesku (“‘cordes ordinaires”), oH He 0OHAPYKUJI HUKAKON CIIO-
cobroctu npuTsaruBaTh. OJIHAKO, KOT/Ia OH 3aMEHUJI OOBITHBIE BEPEBKH IIIEJIKO-
sbivu miHypavu (“cordons de soye”), on Moyt ToT ke acbdexT, uro u ['peir. 2
OObIUHBIE BEPEBKY SBJISIIOTCSI, KaK IIPABUJIO, IIPOBOJHUKAMU. JTO MOKA3BIBAET,
9TO MOHKUE 8epesky B IKCIIEpUMeHTaX ['pest ObLIN M30JIsITOPAME, HHAYE KCIIE-
PUMEHTBI ¢ MAJIBYUKOM He UMeJd Obl yCIeXa.

B crarre 1735 roma I'peit mpoBes HECKOJIBKO TOIOOHBIX IKCIIEPUMEHTOB. B
HaJaje CTATLE OH YIIOMUHAET, 4To>"

Tak kak y MeHs He OBLIO TOJ PYKOIl IMEJTKOBBIX HUTEH, JTOCTATOTHO
MIPOYHBIX, YTOOBI BBIAEP2KATH MAJIBINKA, s TIOMPOCHJI €r0 BCTATh Ha
HEKUH U30JIAIMOHHBII MaTepuaJl.

To ecTp MaJIBINK CTOSII HA KAKOM-TO M30JISITOPE, KAK MBI TOBOPHUM CETOIHS.
Ha cemyromeit crpanmuiie 3Toit ctatbu, ['peit ornmrcas apyrue SKCIEePUMEHTDI, KO-
TOpBIE OH IIPOBEJI B JoMe r-Ha Bestepa: “I'-H Bejtep Bckope mocJie Moero npuxo/ia
K HeMy, J0CTaJI IIeJIKOBble HUTU, KOTOPhIE MOIJIM BBIIEPXKATH BEC €r0 IOMOIII-
HUKA, JOBOJIBHO ILJIOTHOIO HAPHS; 3aTeM MOJBECUB ero Ha Jjuuud, |...].” Cyaa no
BCEMY TOMY, BECbMa BEPOATHO, UTO MOHKUE 6epesky 1'pest ObLIN CleslaHbl U3
IIIeJIKA.

B crarpe, xoTOpas mocienoBasia 3a 3Toii, I'peil onmcas apyrue SKcCuepu-
MEHTBI, TJIe OH IepejaJsl JIeKTPUIECTBO IIPOBOJIHUKAM IIPOCTHIM Pa3MeIeHueM
HATEPTON CTEKJISTHHOW TPYOKU PSOM C STUMU IIPOBOJHUKAMM, HE KacasiCh UX.
Ucnionp3ys mnepessinabie 00pydn 66 cm u 91 cM B gumamerpe, MOIBEIIEHHBIX HA
U30/IUPYIONIAX HATHAX, OH OTMETHJI, 9TO JIEKTPUIECKas MHA3Ma MOXKET I1epeia-
BaTbCs 110 OKPYKHOCTH 3THX 00pydueit. OHa Tak»Ke MOIJIa IEPEXOUTH OT OTHOTO
0b6py49a K jpyromy obpydy B KouTakTe ¢ nepsbiM (Puc. B.15).34 On mor taxxe
epeIaBaTh JIEKTPUIECTBO PA3HBIM (DPYKTAM U OBOIIAM.

I'peit cymes mepegars ciocOOHOCTH MPUTSTUBATD JIETKUE TEJIA J1aYKe MbLIb-
HOMY IIy3bIpIo:>°

Mapr 23-ii nenn [1730], s pacTBopmI MbLIO B pedHoit Boge Tem3bl,
3aTeM s [OJIBECIJI KYPUTEJIBHYIO TPYyOy € ITOMOIIBIO TOHKOM JIMHUU

31|Grah, crp. 39].

32|DF33d, crp. 250—251].
33|Grae, crp. 17].

34[Dop74] u [Hei99, cTp. 249).
35|Grah, crp. 38—39].
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Puc. B.15: MnnrocTpanus sxkciepuMenToB ['pes ¢ repeBsaHHbIMU 00pYyYaMu, T0/I-
BEIIIEHHBIMU HA U30JUPYIONIX HUTSX.

[BeposiTHO, U3 IIEJIKA MM KOHCKOI'O BOJIOCA|, TAK YTO OHA BHCEJIA
[IOYTH TOPU30HTAJIBHO, PTOM YAIlli BHU3; 3aTEM OKYHYJI €0 B MBLIb-
HBIAl PACTBOP, U BBIAYJI IIy3bIPb, JIACTUK JIATYHHU ObLIT IPEIBAPUTEb-
HO IOJIOXKEH Ha IOJICTABKY IO Hefl, ¢ TPeHHeM [CTeKJISHHOI| Tpy6-
KU, JATYHb ObLIa MPUTAHYTA IIy3bIPEM, KOrja TPyOKa ObLIa OKOJIO
TOHKO¥ JIMHUU TIO/IBECA. 3aTeM sI MIOBTOPUJI SKCIEPUMEHT C JIPYLUM
my3bIpeM, Jiep:ka TPYOKy BO3Jie TOHKOTO KOHIIA TPYOKHU, IIPUTSIKe-
HUe Tenepb OBLIIO0 ropa3 o CHIIbHEE, ¢ MOJHSATHEM JINCTKA JIATYHHI Ha,
BBICOTY IIOYTHU JI0 JIBYX JIFOUMOB [5 cM].

Dror sKcIepuMenT, npejcrasiaenubii na Puc. B.16 (a), wumnocrpupyer eme
pa3, 9To IpecHas BoJa BeeT cebst KaK MPOBOIHUK. I'peil yrKe mepegaBaJ crocoo-
HOCTB NPUTATUBATH JIETKHUE TeJla MHOTUM IIPOBOJHUKAM, KaK METAJLIBI, IEPEBO
u T.J1.

Puc. B.16 (b) upencrasisier coboii cxemMaTUIHOE IIPEICTABICHIE 3aPIIOB B
9TOM IKCIIEPUMEHTE.

B.7 SKCHepI/IMeHT C ImoaBemeHHbIM MaJIbBYNKOM

B s7oit pabore 1731 roma I'peit ommcas HECKOJIBKO SKCIIEPUMEHTOB, B KOTOPBIX
OH II0/IBECUJT MAJIBINKA B TOPU30HTAIHLHOM ITOJIOXKEHUU HA, TOHKOUN JIMHUY, BEPO-
arHo, u3 menka.>® Maasauk Bucesn oM BHI3. I'peil meprkaj HATEPTYIO CTEK-
JITHHYIO TPYOKy BO3JIe ero HOT, He KacasiCh WX, ¥ HaOJIo[as, KaK JIaTyHHbIE

36|Grah, crp. 39—41].
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