3apsn u macca GoToHa.
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Mooicno nu cuumams 00KA3aHHLIM, 4mMoO GomoH obradaem
ONpeoesieHHOl MAccoli «0BUINCEHUS», A €20 MAcca NOKOSl PABHA
Hymo? JlocmoeepHo nu Hawie MHeHue, Ymo u 3apsad HomoHa
pasen Hyno? Bpsao nu mooicno cuumamo, umo 8 0anHoU pabome
00CMOBEPHO NOKA3AHO, YMO U €20 MAccd, U 3apsad UMeom He
Hynlesble 3HaueHus. B pabome nokazamo, cKoib COMHUMENbHLIMU
(7 Obl Oadxce cKazan, HeBEePHbIMU) SAGIAIOMCA  NONBIMKU
UHmMepPNpemupo8ams pe3yivmamol IKCHEePUMEHMO8 8
KAACCULECKOM NOHUMAHUU COBPEMEHHOU PUIUKLL.

1. Beenenue.

B pabGore [1] s cnmeman mpenmonoxkeHwe, 4To (OTOHBI JOJDKHBI 00JaaaTh
AIIEKTPUYECKUM 3apsAoM. MBICIIb 3Ta BO3HUKIIA HE CIydaiHO. /(€0 B TOM, 4TO CTaThs
Obl1a 0 TOM, YTO ()OTOHBI — 3TO BOJIHBI MJIOTHOCTU (B YACTHOCTH, COJUTOHBI) 3dupa,
KaXJash 4YacTHUIa KOTOPOro 3apsbKeHa IMOJIOKUTEIBHBIM DJIEKTPUYECKUM  3apsiioM.
EcrectBenHo, 11000€ M3MEHEHUE TJIOTHOCTH Takoro 3¢upa (a 3To U ecTh o0pa3oBaHue
BOJIH B MIPOCTPAHCTBE, & HE HA MOBEPXHOCTH) MPHUBEACT K TOMY, UTO JIBa Pa3HBIX IO
MECTOMOJIOKEHUIO ydacTKa MPOCTPAHCTBA MOTYT OOJaNaTh Pa3HbIM 3JIEKTPUUYECKUM
NOTeHIHAIOM. JIpyrMMH CJIOBaMH, €CJIM TPOCTPAHCTBO 3alOIHEHO JIEKTPUUYECKH
3apsHKEHHBIMM  YaCTUIIAMU OJHOTO 3HaKa, TO JIIOOOW MUHUMAJIbHBIM OOBEM 3TOTO
mpocTpaHcTBa OyzneT 007agaTh TaK Ha3bIBAEMBIM MPOCTPAHCTBEHHBIM 3apsiioM
(KJTacCUYeCcKUid TEpPMHUH DBIIEKTPOHMKH). W mpocTpaHCTBEHHBIE 3apsiibl B Pa3HBIX
y4acTKax  TMPOCTPAHCTBA MOTYT OBITh  pa3HbIMU. Pa3sHuila B BeTUYHHE
IIPOCTPAHCTBEHHBIX 3apsIOB M €CTh 3apsj] JAHHOIO y4acTKa MPOCTPAHCTBA. 3apsia
YaCTHUIl OMNpENEseTcsl MO WX OTHOIICHHIO K JpYr Jpyry, WIH K OCTaJbHOMY
IPOCTPAHCTRBY.

31€Ch MOXKHO MPUBECTH MPUMEP, KOTOPBIA S YK€ HUCIOJIB30BAI B OJHOW M3 CBOMX
pabot. [locraBbre cebs Ha mMecTo pbi0. Bona myist HUX sABIsSETCS HEUTpAJIBLHOUN Cpenoi,
WIN Cpeiol, Ha KOTOPYIO, KaK Ha HOJIb — MO omnpenenaeHuto {upaka — HaCTpOEHbI UX
npuOoOpsl M OpraHbl 4yBCTB. Torga KameHb, MaJaloOlMid Ha JHO, OHM HA30BYT
MOJIOKUTEIILHOM Macco, 3apsifoM, a IMy3bIpeK BO3AyXa, MOAHUMAIOUIUNCS BBEPX,
OTpHUIIATEIbHBIMUA Maccoil U 3apsanoM. Ho MbI-TO 3Haem, 4TO U My3bIPEK, U KaMEHb U
BOJIa SIBJISIFOTCSl «TIOJIOKUTEIBHBIMIY CYIIHOCTSMH 1O OTHOIIEHHIO K Bakyymy. Ddup
CJIeTyeT BOCIPUHUMATH a0COJIOTHO TaK K€ MO OTHONICHHIO K MMPOCTPAHCTBY, TJI€ YaCTHUII
adupa HET.

[Ipu onpeneneHNN BETUYUHBI 3aps/ia JTI000H YaCTHUIBI BaXKHBIM SIBIISICTCS TTOJIOKCHUE
O CYLIECTBOBAaHMHM MHUHUMAJIbHOM BenuMuMHBI 3apsaa. Korma-to ObUIM oOmpeneneHbl
MUHHUMAaJbHBIE 3apsibl TAKUX YACTHI], KaK AJICKTPOH (BMOCIJIEICTBUU U TO3UTPOH) U
MPOTOH (BMOCTEACTBUM W aHTUIPOTOH). To, YTO ompenenuiau 3apsabl KBapKOB B



BEeIMYMHAX, KpaTHBIX 1/3 3apsma mpoToHa, BPSA JIM SIBISETCS YEM-TO peabHBIM,
MOCKOJIbKY X BCE€ PaBHO BBIJEIHTH HE yacTcsa. Kpome Toro, kak st mokaszai B padote [2]
3apsi KBapKa CIMIIKOM KPYIHBIM, YTOOBI OOBSICHUTH HEOOBIYAHOE PAaBEHCTBO IIO
aOCOIIOTHOM BEJIMYMHE 3aps0B MPOTOHA U AJIEKTPOHA.

Bo Bcex u3HaualbHBIX AKCIEPUMEHTAX IO U3MEPEHUIO 3apsijia MUHUMAJIbHBIE €0
3HAYCHUS TMPUHIUANHAAIGHO HE MOTIA OBITh TOJIYYEHBl MEHBIIUMH, YEeM 3apsIbl
AJIEKTPOHA U MPOTOHA, TOCKOJIBKY BCE OHU MEPEHOCUINCH TOJIBKO 3TUMH YacTuliamu. To
€CTh, OTH YAaCTHIBl BBIHYXJICHO SIBISUINCH MHUHHUMAJIbHO BO3MOXHBIMH JTaJIOHAMH
W3MEPEHUM.

BrnocnencTBuu, korna npocTpenuian IPOTOHBI U HEUTPOHBI OBICTPHIMH 3JIEKTPOHAMHU U
YBUJIEJIM pACTpEesieHne 3apsga mo o0beMy ATHX YacTHll, pa3rOBOpP O HEAEITHUMOCTH
3apsga (Mo KpadHeW Mepe, TMOJOKHUTEIBHOT0) MOXHO ObUIO OBl TPEKpaTuTh, HO
TEOPETUKH TaK CBBIKJIMCH C MBICIIBIO, UTO 3apsAbl HEJICIUMbI, YTO HUKAK HE MOTJIH B3SITh
B TOJIOBY, 4YTO pacOpelieieHUe 3apsiia €CTh OIpeJeieHrue, KakoWh 3apsj ceiuac
HAaXOIWUTCS B JaHHOW «TOYKe» OObeMa dYacTHilpl (BepHee, B 00ObeME, 3HAUYUTEIHLHO
MEHbIIIEM, YeM 00beM Bcell yacTuilel). To ecThb, 3apsij MPOTOHOB U HEUTPOHOB JEIUM.
To, 4TO KpHUBBIE pacHpeieneHus 3apsiaa 1o 00beMy HEWTpOHA U MPOTOHA JAOCTATOYHO
ITaJIKUE, TOBOPHUT, YTO Mbl B TPHUMCHSIEMBIX IS H3MEPEHUH STajloHaX HAXOIUMCS
JIOBOJILHO JIAJIEKO OT KBAaHTA 3apsiia, U TOUHOCTh HAIUX MPUOOPOB HE MO3BOJISIET HAM HE
TOJILKO OTPEACIINTh MUHUMAJIBHBIN AJICKTPUUECKHUIN 3apsij], HO U MMOMEPHUTDH 3apsiIbl TEX
YacTHI], KOTOpPblE MBI YCHENIM Ha3BaTb HEUTpadbHBIMU (Hampumep, (OTOHBI WU
HEUTPUHO).

Boo011ie, Bcem 1TaBHO mopa ysICHUTh, UTO (PU3UKA — ITO IKCIIEPUMEHTAIbHAs HayKa. A
HOTOMY JIF00O€ yTBEPXkKACHHUE B HEW JOJKHO MPOBEPSATHCS SKCIEPUMEHTOM. A JH000MH
HKCIIEPUMEHT OCYUIECTBIISIETCS. B YCJOBHUAX, KOIJIA €r0 IMOrPEIIHOCTh MMEET HEKYIO
MUHUMAJIbHYIO TpaHUILy. M 3asBisiTh, MCXOMS W3 YMO3PHUTEIBHBIX DPACCYXKICHHM, YTO
yacTuia oO0JaJaeT HYJIEBbIM 3apsioM, B CHUTyaluHd, KOIZa BO3MOXHOCTH IpHOOpa
OrpaHMY€eHbI BeTMUMHON rmopsiaka 107'% 3apsiia seKTpoHa, SIBHO HEMTPABHUIIBHO.

2. 3apsa GoToHa, BEJIMYMHA KOTOPOTO HE OTPULAETCS AIKCIIEPUMEHTAMHU.

[ToueMy e g He MCKIOYaro (IpUYEM B CUTYyallMH, KOIJa Ja)ke MoBapa pecTOpPaHOB
«3HAT», 4T0 (OTOH HEUTpaJieH), UTO OH BCE-TaKW MOXKET oOiafarh 3apsaom? Jlemno B
TOM, YTO CKa3zaB A, s JOJDKEH mpousHecTH U b: ecnu, kak s onpenenun 6e3 OOIbIINX
MPETeH3UH Ha TOYHOCTH [2], YTO YACTHUIBI OAHOPOJHOTO 3(PUpa PacHoNOKEHbI APYT OT
apyra Ha paccrosauu 107'° m, a B mporone ¢ paguycom nopsaka 1075 m conepxurcs 10
yacTull 3¢upa (Ha camMoM Jiejie YKa3aHHOE YHUCIIO SBJISETCS HIDKHEW TpaHUIe, 1 OHO
MOKET OBITh Ha HECKOJBKO TMOPSIKOB OOJBIINE), TO BUAHO, YTO MPOTOH IIOTHEE BCETO
octanbHOTO 3dupa, 1Mo kpaitHeit mepe, Ha 20-21 mopsinok. B To e BpeMsi MIOTHOCTH B
MaKCHUMyMe BOJIHBI B JIFOOOM cpene (M B Boze, U B AUPE) MOXKET OBITh BBINIE CPEIHEH
BCETO pa3 B JCCATH-CTO (a MOXKET OBITh BBIIIIE BOOOIE HA HECKOJIBKO MPOIEHTOB). To
ecThb, eciii (POTOH M 00namaer 3apsAoM, TO OH, MO KpaitHeill mepe, Ha 18-19 mopsiakos
MEHee IUIOTE€H, 4eM MpPOTOH. Jla MblI emie J0Aro B 3€MHBIX 3KCIEPUMEHTAX HUYEro
BUeTh He Oymem. HyxHbl 1HOO0 KOCMHUUYECKHUE SKCIEPUMEHTHI (BEpHEE, pe3yabTaThl



HAOMIOZICHNIT HAa KOCMHUYECKUX PACCTOSHUSX), MO0 KOCBEHHBIC JaHHBIC, Ha KOTOPHIC
CJIeTyeT 0OpaTUTh BHUMAHHE.

MHe kaxeTcsi, 4TO BeChMa BaXKHBIM HAMEKOM Ha Haymuue y (OTOHA 3apsijia U MACChI
ABJISIETCS PE3YJbTAT SKCIIEPUMEHTA M0 00Pa30BaHUIO JIEKTPOH-TIO3UTPOHHOM Maphl MOA
BO3JICCTBMEM (POTOHA COOTBETCTBYIOIIEH SHEPTUU, U300paKEHHBIN Ha puC.1.

Puc.1 O6pa3zoBanue 371€KTPOH-TIO3UTPOHHOM MAPHI.

XOTsl JTaHHBI PUCYHOK IOJIy4EH B pPe3yjibTare 3KCHEPUMEHTA, MPOBOAUMOIO B
71a00paToOpuM, OCHALICHHONW BBICOKOTEXHOJOTHYHBIM 00OpyIdOBaHHEM (TO €CTh, HE Ha
KyXHE HEKOI0 J€CCUJEHTAa B HAyKe), a IOTOMY XOPOLIO M3BECTEH MIMPOYANIINM KpyTram
YYEHbIX-(PU3UKOB, HO MOYEMY-TO HUKTO M3 HMX HE OOpaTwjl BHUMaHUS HA OYEBUIHBIN
pe3yapTar: pajaychl TPACKTOPUN AJIEKTPOHA M TMO3UTPOHA SIBHO HEOAMHAKOBHI (Y
no3uTpoHa oH B 1,67 paza Oonpuie). MHe Ha 3TO OUYEBHIHOE HECOOTBETCTBUE
opuIMaTbHBIM HAYYHBIM YMO3AKJIIOYEHUSIM yKa3aJl B TUChbME OJUH M3 MOMX
PECIIOHAEHTOB (COBEPIICHHO HEBAaXKHO, YTO OH HE fABIsAeTCs Jiaypeatom HobOeneBckoit
IpeMHUU: €ro miaza emie He ocierun). [IpekpacHo BHAHO, YTO YaCTULBI 00JIaJAr0T
MIPOTUBOMOJIOKHBIMU  3apsilaMHi: OHHM pAa3JI€TAIOTCS B MArHUTHOM IIOJ€ B pa3HbIC
CTOPOHBI, HO BOT Kak OBbITh C pa3HbBIMU pajuycaMu. Paznuuue paauycoB TOJKHO
TOBOPHUTH JTUOO O pa3HbIX Maccax, JUOO0 O pa3HbIX 3apsAnax, MO0 O TOM, YTO PA3IUYHBI
00e XapaKTepUCTUKHU YacTull. M mpu 3TOM COBEPIIEHHO HEBAKHO, YTO TOBOPAT MO 3TOMY
MOBOJY TEOPETHKHU.

A TEopeTMKH TOBOPAT CHEAyoIllee. OJIEKTPOH-NIO3UTPOHHBIE Mapbl MOTYT
00pa30BbIBaThCS TOJIBKO BOJM3HM HEKMX YacTHI] (HAaIpUMEp sapa aToMa), MOCKOJIbKY B
BaKyyME€ HEBO3MOXKHO BBIIIOJIHUTH YCIIOBHE 3aKOHA COXpaHEHHs ummynbca. JIro0oil
eAMHUYHBIN (HOTOH B JIFOOOM CHUCTEME OTCUeTa HECET KOHEUHBIM UMITYJbC, a IEKTPOH-
MO3UTPOHHAS TIapa B CBOEH CHCTEME LIEHTpa Macc 00JiajlaeT HyJIeBbIM UMIYIbCcoM [3].
Cyns mo pesynabraram 3kcnepumeHTa  (puc.l) mocrienHee YTBEp)KICHUE SBIAETCS
HeBepHBIM. M Torma B Bakyyme (a s Ha3bIBal0 Bce 3(hUPOM) MOTYT O0Opa30BBIBATHCS HE
TOJIBKO BUPTYaJbHbIE, HO U PEAJIbHBIC MAPHI.

Ho cambIM BayKHBIM BBIBOJIOM U3 IIPUBEIEHHOIO PUCYHKA SIBIISIETCS BCE-TAKHU TO, YTO



GboTOH HOKEeH 00MaaTh MacCOM, WIIH 3apsiioM, a, TO-BUJUMOMY, U TEM, U IPYTHUM.

Ho, uto emie roBopsT teopetuku? OHU TOBOPSIT, «9TO €CIM ObI Macca Mmokos (hOToHa
Obl;la HE HYJIEBOM, TO B KBAHTOBOHM JJICKTPOAMHAMHUKE BO3HHUKIN OBl TIPOOJIEMBI, B
NEPBYIO OYEpeNb M3-3a NOTEPU KAITUOPOBOYHOW MHBAPUAHTHOCTH, 4YTO CHENAIO OBl
TEOPHUIO0 HE MEPEHOPMHUPYEMOM; KpOoMe TOro, He ObUIO Obl TAPAaHTUPOBAHO COXPAHEHUE
3apsiia, KOTOpOE€ BBIMIOJIHsSIETCA Onaromapsi HyJeBOoM wmacce mokosi ¢oroHa» [3].
AOGcomoTHast aOCyp/IHOCTh JIOTUKHM YUYEHBIX, KOTOPbIE JIEJal0T TaKue 3asBIICHUS, B TOM,
YTO, 110 UX MHEHHIO, HAC JIOJDKHBI BOJTHOBATh MIPOOJIEMbI KBAHTOBOM JIEKTPOAMHAMUKH C
noTeper e MepeHOPMUPOBKH, BMECTO TOTO, YTOOBI JIOKA3bIBATh OTCYTCTBHUE 3apsla U
MaccChl B SKCIIEPUMEHTE, a YK€ IMOTOM JIeNiaTh BBIBOABI O MPABUILHOCTH KBAHTOBOM
AIIEKTPOJMHAMUKHA (3TO HAJO JOKa3blBaTh HE HECKOIBKMMH YAAYHBIMU MPHUMEpPAMHU,
Bpojie 00bsicHeHHs JIAMOOBCKOTO ClIBHTra, a BCEMH paccMaTpyuBaeMbIMU Ciiydasimu). UTo
KacaeTcsi TapaHTUPOBAHHOTO COXPAaHEHUsS 3apsija, TO ITOTO BOOOINE HE CIEAyeT W3
pe3ynbTartoB 3KkcriepuMenTa (cm. puc.l). Kpome toro, yrBep:kaaercsi, 4To «HEHYJeBas
Macca TOKOs TIpuBena OBl K HapYyIIEHWIO 3aKOHA OOpaTHBIX KBaJpaTOB IS
ANIEKTpOCTaTU4YeCcKor cuibl KynoHa. Dnekrpocrarnueckas Cuja Ha OYEHb OOJIBIIIOM
paccrositHuu Oblna Obl ciabee. [loBegeHue CTaTMUYECKOTO MArHUTHOTO TOJISI TOXKE ObI
u3MeHuiock» [3]. Cpasy ke BoszHHMKaeT Bompoc: «Eciu GoToH NpUHIMIHAIBLHO HE
MOXXET HaXOAUThCS B MOKOE, TO KaKOW CMBICII UMEET YIIOMHUHAHHE €r0 MacChl TTOKOS?»
Ecnau BonmHa monBMXKHA, TO U Macca €€ JOJKHA MPHUIUCHIBATHCS IOJBUKHOM BOJIHE.
Kpome Toro, yTBepxaeHHe, 4TO MPU HEHYJIEBOM Macce M3MEHWJIMCh Obl Ha OOJbIINX
PACCTOSHUSIX IEKTPOCTATUYECKUE U MarHUTOCTaTHUECKue CUIIbl (?), Hy>)KHO TPOBEPSITh
AKCIIEPUMEHTAJIbHO, 4YTO KaK pa3 OrpaHUYeHO TOMW TOYHOCThIO, KOTOpas cenyac
JTOCTUKHMA.

3. Eme HeMHOrO 0 3apsiiax.

MHue Obl XOTeNOoCh BEPHYTHCS K MOHATHIO 3apsna. COBEpIICHHO OYEBUIHO, YTO HE
MOXKET OBITh O€30THOCUTEIHHOTO TOHUMAHUS JAaHHOW CYITHOCTH. MBI y3HaIU O
CYLLECTBOBAHUH 3aPsA0B, IOCKOIBKY HEKHE 3aps/ibl B3AUMOAECHCTBOBAIN MEXIY COOOM.
To ecTb, 3TO TOHSATUE SIBISETCS OTHOCHUTENbHBIM. I BechbMa BaXXKHBIM SIBISIETCS TO,
OTHOCHUTEJILHO 4Y€ro Mbl JaHHBIN 3aps] u3MepsieM. JTO MOXKET OBITh JIPYroul 3aps,
«3a3eMJICHUEY», HeKasl yIaJeHHAasl OT HaIIero 3apsja TouKa MpOCTPaHCTBA, WM BOOOIIE
OCCKOHEUHO yHaJieHHas To4yka. A Temepb JaBaiiTe MpeACTaBUM ceOe IIUPOKUNA U
OJTHOPOJIHBIN 3JIEKTPOHHBIN MyYOK (B 3JIEKTPOHHBINA MPUOOpaxX OH y3KH U, HABEPHOE, HE
OYEHb OJHOPOJHBIM, HO TpPUMEM Takoe MpuodamxeHue). Eciu Bbl  ymynputech
MIOMECTUTh JJIEKTPOJbl BOJBTMETPA B pa3HbIE TOYKM 3TOrO Iy4yKa, TO Pa3HOCTb
MOTEHIIMAJIOB OyzeT paBHa HYJ0. To €cTh, BBl B MPUHIUIIE HE Oy/eTe 3HaTh, €CTh TaM
AIIEKTPOHBI, I MX BOOOIIE HET (3TO OYEHHb BAXKHO MOHSTH, MOCKOJIBKY ITyYOK MOXKET
ObITh TMOYTH OECKOHEYHOW IIJIOTHOCTH, HO BBl €ro HE OOHapyXHBaeTe, a IOTOMY
TyMaeTe, 4yTo TaMm BooOIIe HUYero Her). YToObl y3HATh, €CTh JU TaM 3apsjibl, BBI
JIOJKHBI 3aMEPUTh PA3HOCTh MOTEHIIMAJIOB MEXKYy HEKOM TOYKOHM Iydyka W, HampuMeED,
KOpITycoM npudopa (Korma Mbl TOBOPUM O MOTEHIMANIE OTHOCUTEIBHO OECKOHEYHOCTH,
TO, TIO-MO€MY, ObIBa€M CIIMIIIKOM CMEJbl B CBOUX YMO3AKIIOUCHUSX, MTOCKOJIBKY MBI HE



UMEEeM HU  MajeHlliero TMOHATHS, Kakoi B OECKOHEYHOCTH MOXKET OBITh
IPOCTPAHCTBEHHBIA 3apsi; JAPYTMMH CJIOBaMHM, OTHOCHUTEIBHO IIOTEHLHANa B
OECKOHEYHOCTH IOTEHUMAN IIOJIsI HM3Yy4aeMOro 3apsiia MOXET ObITb J00aBleH K
OTPOMHOMY MOTEHIMATY MOJI1 BaKyyMa B OTCYTCTBUM 3TOro 3apsna). Ho ecnu B myuke
BO3HUKJIM BOJHBI IJIOTHOCTU (Hampumep, 3a cyeT rpynnupoBku CBY mnonem), To B
pa3HbIX TOYKaX IMy4yka Bbl OOHApPYKUTE pa3HbIEC EKTPUUECKUE MoTeHIuanbl. [Ipudem,
3Ta pa3HOCTh OyleT BUJHA HE TOJIBKO MEX]y HM3MEPSIEMbIMH TOYKAMH, HO U B TOM
cily4ae, Korja MoTeHIMalbl TOUEK Bbl U3MEPSIETe OTHOCUTENILHO KopItyca mprbopa.

S Tak moapOOGHO TOBOPMII O CaMbIX MPOCTBHIX M M3BECTHBIX 3JIEKTPOHHMKAM Bellax,
MIOCKOJIbKY BMECTO 3JIEKTPOHHOIO IMy4YKa C €ro MPOCTPAHCTBEHHBIM 3apsilOM BIOJIHE
MOTY TPEACTABUTh JIEKTPUUECKH 3apsKEHHBIM 3(hUp, KOTOPBIN, KaK s YK€ TOBOPUIL, B
Ka)XJI0M CBOEH ToUuKe 00J1a/1aeT MpOCTPAHCTBEHHBIM 3apsaioM. Ho OT Touku K TOYKE ITOT
3apsia MOXKET OBITh HE OJIMHAKOBBIM (TO €CTh, INIOTHOCTh PACHOJIOKEHUS YacTULl dpupa
OyzeT pa3Hoil B pa3HbIX TOukax). M Torga oueHb BaKHBIM OYJIET TO, OTHOCUTEIIBHO YEro
MBI OyZieM H3MEepsATh MOTEHIHal NaHHOW TOYKU. [IOHSATHO, YTO MBI HE MOXEM €ro
MEPUTh OTHOCUTENIBHO peaIbHOM OECKOHEYHOCTH (KCTaTH, KaK s YK€ cKa3ajl, MOIVIM Obl
HaMEpUTh OIPOMHBIA moTeHuuan ). O4eBUAHO, YTO MOJE TAKOro 3pupa BOIM3H HACTHIL
BellecTBa OyleT HEONHOPOAHBIM (TO €CTb, TaM Obl Mbl HaMEpPWIM Pa3HOCTb
MNOTEHIIMAJIOB MEXy Pa3HbIMU TOYKaMH), HO B€JAb UMEHHO TaM Mbl U BUJUM HEKHE
HHEPreTUYECKUE MOTEHIMAIbHbIE Oapbephl, KOTOPHIE MPEOI0JICBAIOTCS AIEKTPOHAMU C
BbIJIeJICHUEM (MJTU TIOTIONIeHHEM ) (POTOHOB.

JpyrumMu cioBaMH, TOBOPUTH O 3aKOHE COXPAHEHHUS 3apsija MOXKHO ObUIO ObI, UMeEs
BBUIY BClO BceneHnyto nennkom. B MeHbmmx oObeMax (MpakTUYECKUX pa3Mepax,
OIpeNesIEMbIX pa3MaxoM 3JIEKTPOJIOB M3MEPHUTENIbHBIX MPUOOPOB) MBI BIIOJHE MOXKEM
TOBOPUTH O MPUOIM3UTEIHLHOM BBIIIOJHEHUM 3aKOHAa COXpaHEHMs 3apsiia (Tem Oosee,
KOrJja BO3MOXKHBIE €ro yTeYKd uYepe3 TpaHull oObemMa BecbMa Majbl). B
MUKPOCKOMTUYECKUX 00bEMaxX MbI BPAJ JIU MOXKEM HCIOJIb30BATh 3TOT 3aKOH. A MOTOMY
U KanuOpOBOYHAST MHBApPHMAHTHOCTb, a BCIIEJ 3a HEM M KBAaHTOBAs 3JEKTPOJUHAMHUKA
MOTYT HCHBITBIBATh ONPENEICHHBIE CIOXKHOCTH (KOTOpBIEC, KCTAaTH, OHA U HCIBITHIBAET
pU OOBSICHEHUH HEKOTOPBIX SBJICHUN).

Xotenoch Obl BEpPHYTHCS K 3aKOHY COXpaHEHUs 3apsAa u nudpam, HalMCaHHBIM BBILIE.
Wtak, eciiv B3sTh HEKUI 00beM, WK y3ei 1o Kupxrody (B KOTOpoM MOTYT OMECTUTHCS
HECKOJIBKO 3apsJioB), TO BEJIMYMHA BTEKAIOUIET0 B OObEM 4YEpe3 €ro IpaHully 3apsiia
JIOJKHA B TOYHOCTH OBITh paBHA BEJIIMYMHE 3apsijia, BBITEKAIOLIErO 4Yepe3 TpaHUIly
oobema. BooOmie-to, yke JaHHOE YTBEPXKACHHUE SBJISETCS MaTreMaThyecKou
abcTpakuuei: 3apsibl BTEKAIOT W BBITEKAIOT MNOPUUSAMHU, NPUYEM HE TOJIBKO IO
BEJIMYMHE, HO U IO BpeMeHH. I Torma B Hekoe BpeMs BBITEKATb M3 O0ObEMa MOMKET
HEMHOTO HE TO YHMCJIO 3apsI/IOB, UTO B HETO BTEKAET. DTO HA3BIBACTCS IPOOOBOM A heKT,
KOTOPBI TOPOXKIAeT OY€Hb BBHICOKOYACTOTHBIE KOJICOAHUS TUIOTHOCTH 3apsAa B 00beMe.
Ho naxxe He 3TO maBHOE. [ TaBHOE B TOM, 4TO 00bEM, B KOTOPBII BTEKAIOT U U3 KOTOPOTO
BBITEKAIOT HAILIM 3aps/ibl (a 3TO AJIEKTPOHBI U IPOTOHBI) BECH LIEIMKOM M BECbMa IJIOTHO
3amojHeH 3apsaaamMu d¢dupa (KOTOPbIM MBI 3aMEPUTh HE MOXEM, a OH, MO0 MOUM



npeanojoxkeHusaM [4], obGnamaeT >3IEKTpHYECKUM IMOTeHIuasoM Oojee 10 Mb»aB).
3akpeiTh OT 3(upa KakoH-TMOO0 O00bEM HEBO3MOXHO: HET TaKHUX CTEHOK. A TOTOMY
JIEWCTBUE 3aKOHA COXpPAaHEHUS 3apsifa (KOTOPHIA MBI U3MEPSIEM UMEHHO 3JIEKTPOHAMHU U
MPOTOHAMHM) OCYIIECTBIISIETCS TOJIBKO B OTHOILIEHUM 3THUX 3apsijoB Ha (DOHE OrPOMHOIO
MPOCTPAHCTBEHHOTO 3apsijia, JIIOObIE WU3MEHEHHUs KOTOPOrOo HHU IO BEJIMYMUHE, HU 10
BPEMEHU MbI ITPOCTO 3aMEPUTh HE B COCTOSIHMU. TeM Oojiee, 4TO 3TH U3MEHEHUSI MOTYT
ObITh Ha 18-20 MOPSIKOB MEHbINIE, YEM BBITCKAIOIIUE U BTEKAIOIIHE B 00BEM 3apsibl.
[TormpoOyiiTe mpencTaBuTh cebe ypaBHEHHE OajlaHca 3apsJioB, B KOTOPBINA BXOAUT YJICH,
OTBETCTBEHHBIM 3a 3apsiag (OTOHA, HO ATOT uieH Ha 18-20 MOpsAKOB MeEHbIE, YeM

JpyTHE.

4. Ilpencrasienue o macce (HoToHa.

JaBaiiTe ceituac mompoOyeM coOpaTh BC€ TO, YTO HaM HM3BECTHO O Macce (POToHA.
DKCIIepUMEHTAIbHO O HEHyJeBOM Macce (oToHa (pa3roBOp HE O Macce TOKOs) MbI
MOJTyYHJIA TIPEICTaBICHUE, KOTMa OOHAPYKHUIIOCh, YTO JIyd CBETA OKA3bIBACT JABJICHHE
Ha BEPTYIIKY, HAXOAAIIYIOCS B KOJO€ ¢ OTKadaHHBIM BO3ayxoM. He 3aBucumo oT TorO,
IPECTaBIsAeM Mbl (POTOH YACTULIECW, WIM BOJHOW (BOJIHBI TOXKE€ CHOCOOHBI OKa3bIBaTh
JTABJIEHUE), BPAILIEHUE BEPTYIIKH TOBOPUT 00 MMITYJIbCE, KOTOPBIA (POTOH NEpeaeT 3Toiu
BepTylike. B 3ToM ciydae Mbl MOXkeM roBOopuTh 0 Macce ¢potoHa. U BOT 31eCh BriepBbIe
BO3HMKAET BOMPOC: «A Kak B3auUMOJEHUCTBYeT (OTOH C HEKHUM TejloM (ero
KPUCTAUTMYECKOU pelIeTKoM, min amopdHoit cTpyktypoi)? C uem coynapsiercs: GpoToH,
4yTOOBI OTAAaTh CBOM uMITynbc?» Heykenm Mbl Bcepbe3 IojiaraeM, YTO HEKUW IIapuK
(dboToH) momsieTaeT K AApy (MIM K AJIEKTPOHY), MOIANAET B 3TH YACTHIIbI, IPUYEM TaK,
YTOOBI OTPA3UTHCS TOJI YIVIOM, PaBHBIM YDy MaJeHUsl (SICHO, YTO €CIIM MOBEPXHOCTH
MpeAMETa COCTOUT U3 IIAPUKOB, J1a €Ill€ MOABUKHBIX, TO MOJJIETAIOIINE IIAPUKHA COBCEM
He 00s3aTeNIbHO OYIyT OTpaKaThCsl TIOJ] TEM KE YTIIOM, TI0J] KOTOPBIM OHU TMOJIJIETAIOT KO
BCEH MMOBEPXHOCTH) W MEPEAAeT CBOM MMITYJIhC BCel moBepxHOoCcTH? [la HUKakoil GoToH
U HE TOMaJeT B SApPO U, TeM Oonee, B AMEKTpOH. UTOOB OHM B3aMMOJEHCTBOBAIIH,
HY’KHO, 4TOObI (JOTOH B3aMMOJIEHCTBOBAJ C AIEKTPUUECKUM (a ¢ KakuM eme?) mojiem
aroma. A Torma (4ToObl Takoe B3aUMOACHCTBHME OBUIO BO3MOXKHO), HYXKHO
MPEANONIOKUTh, YTO (DOTOH TOXKE 00NaNaeT AEKTPUUYECKUM TOJEM, TO €CTh, 3apsAI0M
(XBaTuT yx)e cede MyTUTh TOJIOBBI B3aUMOJICUCTBUEM BOJTHOBBIX (DYHKITHN).

Ho naBaiiTe moBepuM, YTO HET HUKAKMX aTOMOB C MX SIAPAMHU W JJIEKTPOHAMH, a
(GOTOHBI OBIOTCS O HEKYIO CIUIOLIHYIO CYyOCTaHIIUIO, NiepeaaBas el cBoil umMmysnbe. Torna
MO>KHO TIOJICUUTATh, CKOJIBKO (POTOHOB YIapUIIOCh O BEPTYIIKY, U HACKOJIIBKO YCKOPHIOCH
ee BpaueHue. [lociae 3Toro MOXXHO BbICUMTATh Maccy (POTOHOB U HAWTU COOTBETCTBHE
5TOM MacChl TOW BEIMYMHE, KOTOPas BBICYMTHIBAETCSA U3 COOTHOWIEHHs hv=mc?. S ue
CMOT HalTH OMUCAHUS TAKOTO HKCIEPUMEHTa (MOXKET, s HE 3HAKOM C JIaHHOM 001acTbhio
Gu3MKH, HO MHE Ka)KeTCS MOAO3PUTENBHBIM, YTO CaMblii Ba)KHBIM SKCIEPUMEHT TaK
CIIOKHO HaWTH, MO KpailHel Mepe, 00 3KCHEPHUMEHTAIbHOM COOTBETCTBUU MAacChl
(OTOHA M CKOPOCTH BpaIlEHUs BEPTYIIKM HHUYEro He roopurcs B Buxuneauu). Ho
ObLIIO OBl HHTEPECHO CPAaBHUTHh MAacChl (DOTOHOB, MOJYUYEHHBIE U3 YCKOPEHUS BPAILCHUS



BEPTYIIKH (HAI0 CyMETh MOCYUTAaTh KOJIWYECTBO (POTOHOB), HANpPUMEDP, IS (POTOHOB
BUJIMMOI'O CBETAa U PEHTI€HOBCKOIo M3iydyeHHs. OHU Bedb JOJKHBI OTIMYAThCS Ha 5-6
ITOPSIAKOB.

Ho cymiectByer enie oauH NMpU3HAK CYLIECTBOBAHMS HEHYJIEBOM Macchl (POTOHA:
VCKpUBJIEHUE Jyyel cBeTa BOJIM3HM OOJBIIMX IPaBUTALMOHHBIX MacC (rpaBUTALMOHHOE
nuH3upoBaHue). MOTOHBI, NIBWKYIIMECS K HaM 4yepe3 00JacTh, HaXOJSAUIYIOCS BOJIW3H
ConHua, uiy BONM3M TaJTaKTUYECKUX CKOIUIEHUM HCKPUBISIOT CBOM IMyTh. JTO OBLIO
OTYETJIMBO BUAHO NPHU HAOMIOACHUM HUCKAXKEHUsI TpackTopuu MepKypusi, a Takxke npu
JIMH3UPOBAHUU JIydel CBETa, MAYIIMX K HAM OT OTJAJICHHBIX IajJakTUK CKBO3b JPYIHe
TJIaKTHKH, YTO NIOKa3aHO Ha PUCYHKax Ipynnsl 2. YTO MOXKET MPEACTaBIATh UHTEPEC
Ha 3TuX ¢ororpadpusx? KoHeuHo, OHM cllerKa MU3MEHEHbI Ul TOro, YTOObl BBIVISAETD
IpUBJIEKAaTeIbHBIMM, HO HeKas IMpaBauMBas HH(QOpMalus B HHUX BCE-TaKd €CTh:
HEKOTOPBIE 3BE3/1bl U TaJaKTUKH, KOTOPBIE HAXOAATCS MO3a4U JIMH3UPYIOLIUX TAJIAKTHUK,
BBIVISIAT YUIMHEHHBIMU. Tak e TOYHO BBIVISASAT U 3BE37bl, M IUIAHETHI, KOrJa Jy4u
CBETa OT HUX HpoxoAsaT K HaMm BOmm3M ConHna. OTO OYEBUAHO, MOCKOJIBKY IyuH,
uaymue Omke Kk ColHIly, OTKJIOHSIIOTCSL CHIIbHEE. SIBieHue B O()TaTIbMOJIOTMU HUMEET
Ha3BaHWe acTurMatu3M. IloCkoNbKy TajllakTHKW, a, TeM Oojee, HX CKOIUICHHUS
«MpO3payHbl», WM UX JEHCTBUE HEOAHOPOJHO, TO HE BCE OOBEKTHI IMOJBEPraroTCs
JMH3UPOBAHUIO OAMHAKOBBIM 0Opa3oM. IloaTomy He Bce yAJIWMHEHBI, WIH YAJIUHEHHBI
HEOIMHAKOBO, WJIM YMJIMHEHHbI HE B CTOPOHY e€AuMHOro ueHrtpa. Ilomo3purenbHbiM
ABIIAETCS. HAJIMYKME OPEOJIA U JTaKe HEKOTOPOTIO CIEKTPAJIBbHOTO Pa3JIOKEHUS CBETA, XOT
3TO MOXHO OOBSICHUTh HEOTHOPOIHOCTBIO JINH3HI.

PI/IC.Z,a. HI/IHSI/IpOBaHI/IG CBCTa OI[HOﬁ U3 OTHAJICHHBIX I'aJIAKTHK.



Puc.2,c. JIunzupoBaHue cBeTa B BUE KOJIbIla DWHIITEIHA.



Puc.2,n. JlunzupoBanue cBera B BUAE KpecTa DUHILITEHA.

Puc.2,e. JIunzupoBanue cBera B ckormieHnn SDSSJ1038+4849.

SIBHO BHJIHO OTKJIOHEHHE JIy4deil cBeTa BOJM3HM TpaBUTAIIMOHHBIX Macc. Ho mue
X04ueTcsl 3a7aTh BOIPOC: «A MOYEMY MbI IPUITHCAIA BCE UMEHHO Macce (DOTOHOB, a HE
ux 3apany?» IlonpoOyro NOSCHUTH MOW BONpOC. MHE KaXKeTCsd, YTO HCKPHUBIICHUE
TPACKTOPUU JBUKEHUS (POTOHOB MPOTHUBOPEUUT MPUHUMUITY CIECHUATBHON TEOpUU
OTHOCUTEIBHOCTH: CKOPOCTh ()OTOHOB B BaKyyMe BCErla B TOYHOCTH paBHA BEJIMYMHE



CKOpOCTH cBeTa €. To ecTh, eciiu PoTOH 00Ia1aeT HEKOH MacCoi TP TAHHOW CKOPOCTH,
TO €€ HUKAKUM CIOCOOOM M3MEHUTH Hemb3ss. Ho M3MeHeHue HampaBiICHHs JBYKCHUS
naxke 6e3 N3MEHEHHS a0COMIOTHON BEITUYMHBI SIBISICTCSI U3MEHEHUEM BEKTOpa CKOPOCTH,
YTO HEBO3MOXKHO. MK MBI NOMKHBI TITyOOKOMBICIIEHHO Ce€Hyac HayaTh TOBOPUTH, UTO,
HaBepHoOe, A1 (OTOHA Bce HE Tak. A mouemy? A «IOKpacHEHHE» (POTOHOB BOJIM3U
IPaBUTALIMOHHBIX MAcC, WX JOIUJIEPOBCKOE CMEIIECHNE Pa3Be HE SBJISIOTCS U3MEHEHUEM
Macchl (oToHOB? OHa XK€ He MEPEXOUT B MACCy OTKJIOHSIOIIMX 3BE3] U TajlakTuK. Tak
Kyza oHa aeBaerca? Mnu macca ucuesaer?

Ecnu Obl MBI ceffyac MOIVIM 3aMEpPUTh BEIMYHUHY OTKJIOHEHHUS (DOTOHOB MAaCCHUBHBIMU
3B€3laMM W TajakTUKaMu (HaJ0 3HaThb PACCTOSIHUS [0 TalakTUK W HMX Macchl),
BBICUUTATh BEJTUYMHY MacChl (JOTOHOB M CPABHUTH €€ C Maccoil (POTOHOB, BpalIarOIINX
BEPTYIIKY, TO B ClIy4ae UX COBMAJCHHS Mbl MOTJIM ObI CKa3aTh, YTO BCE OINPEACIACTCS
maccoil goroHoB. Ho moka Takoe cormocraBiieHHEe HEBO3MOXKHO, a MOTOMY €CTh BCE
OCHOBaHHUSI COMHEBATbCS, YTO BCE OINPEACNSeTCd HWMEHHO Maccou, a 3apsij TyT
HerpuyeM. HaMm ke MOHSTHO, YTO €cld JBa Teja, O0Najarollre HEKOW Maccoud u
HMMEIOIIUE MPOTUBOIOIOKHBIE 3apsi/ibl, CTATKUBAIOTCS, TO YHEPTUSI CTOJIKHOBEHUSI OylieT
OMPENIETATHCS CUIIaMU AJIEKTPUUECKOTO B3aUMOCHCTBHS, HO HE TPABUTAIMOHHOTO.

5. ConocraBnenue mMacc (OTOHOB U BEJIMYMHBI OTKJIOHEHUs Tyuyed ConHIeM.

JlaBaiite monpoOyeM OIIEHWUTb, Ha KaKyl0 BEIUYUHY JOJKHBI OTKJIOHATHCS (DOTOHBI,
npoxoist BOim3u CoJHIa, B MPEINOI0KEHNN, YTO OHU 00J1aJIat0T Maccoil.

Hrak, BOMM3M Tejla, 00NAIAroOIIero OONBIION MAacCOM, IBHMXKETCS TEJIO C Majou
Maccoil. He BUAHO MpUYKH, TOYeMY B3aUMHOE JIBDKEHHUE B 3TOM CIIy4ae HE MOXKET OBbITh
OMMCaHO TPeThUM 3akoHOM Kermuiepa, npasna noanpasieHHOro HeroToHOM

T *(M+m )/T *(M+m )=a */a’ (1),
rne T 12— TICpHOIBI oOparieHus: MaJibIX Macc BOKpyT OombIoit, M — Macca OoJbIas,

m, , — Macchl MalbIX Tejl (HarpumMmep, y pa3HbIX (OTOHOB, OHU MOTYT OBITh pa3HBIMU Ha

HECKOJIBKO TOPSIIKOB), 4  — [UIMHBI OOJNBLIMX MOJYOCEH SJUIMICOB, MO KOTOPHIM
JBHKYTCSI MaJjIble Tea.
JlaBaiiTe cHauana rnpejcTaBuM cede, YTO TaKue IIaHeThl, Kak 3emMis (m 1=6°1024 KI') U

KOnurep (m2=2°1027 KI') , IBIDKYTCS TIO TIOYTH OJMHAKOBBIM OpOMTAM C OJIMHAKOBHIMU

ckopocTsimu. [loncTanoBka Mace maHeT B BeipakeHue (1) mact 3Hadenue kordduimera,
OTIPEICIISIONIETO BIUSHUE Macc, npubnusurensHo pasHoe 1,0019939. To ectb, npaBas
yacTh ypaBHeHHUsS (1), B KOTOpOWl MpUBEACHO OTHOIICHHE KyOOB JUIMHHBIX MOJIyOCEH
AIUTUIICOB, MOKA3bIBAET, YTO IUIAHETHI PA30MIyTCA B CBOUX TPACKTOPHUSIX HA BEIUYUHY
nopsiaka 1% [KopeHb KyOM4HBIN U3 cooTHOUIEHU B npaBoid yactu (1)]. ITpu sTom Hamo
y4€CTh, UTO Pa3HUIA B TPACKTOPHUAX IABUKCHUS IEIHKOM OYIET OMPEACISITHCS UMEHHO
BEJIMYMHAMHM BCEX MAcC, TO €CTh MMEHHO ATOT KOA(PPUUUEHT (U3UYECKU SBISETCS
MEPBOMPUUYMHON «cenapaiumny ABUKEHUS.

Ecnu tenepsr moactaButh B 3akoH (1) maccel ConHila u (POTOHOB [3a MaccCy IMOKOSI
(GhoTOHA MOXKHO B3SITh BEPXHUU Mpeen ee, ONpeAcIeHHbIN B paboTe [5], Kak BeJIMYMHA,



Menbinas, uem 7¢10™"7 eV (1o ects, mopsaka 10 kr)], To oTHOIIEHHE KyGOB OOJIBIIMX
MOJTyOCEeH OKa)XeTCs PaBHBIM (WM Ja)Ke€ MEHBIIUM JUIst O0siee «JIETKUX» (POTOHOB), ueM
1+10°%, a oTHOIIEHKE OCel OKaxeTcs Ha ypoBHe 1+107%* (omnuue Ha 22 mopsijika), B TO
BpeMs KaK OTKJIOHEHHE Jyya CBeTa, uayiero or Mepkypus Bonu3u ColsiHLIa COCTaBUIIO
nopsanka 1-2 cexyna. To ecTb, Bcero Ha 7 MOPSJIKOB MEHBIIIE MTOJIHOIO 000pOTa, WIH 1O
KpaiiHeld Mepe Ha 15 MOpsIAKOB MEHbIIE, YeM CJeI0Bajo Obl OXKHMIATh B TOM cllydae,
KOIZIa BCE OIpeeNsieTcs B3auMoieicTBeM Macc. Eciiu e Mbl BO3bMEM HE MAacCy MOKOS
($oTOHA, a ero Maccy B «JIBUKEHUN» (TO €CTh, €AMHUIIBI AIEKTPOH-BOJIBT), TO U3MEHEHUE
OTHOIICHHIO BEJIMYUHBI ocell Oyxaer mopsaka 107'%, uto Ha 9 MOPSAAKOB MEHBILE
0’KHJIA€MOW BEJIMYHHBI.

UyTh OTBJEKAsICh OT INIABHOM T€MbI padOThI, XOUY MOSICHUTb, IOYEMY yKa3ajl BEIMUHHY
OTKJIOHEHHUs1 Jyda cBera BONMu3u ConHua B 1-2 CeKyHIBI, XOTS COBEPIIEHHO TOYHO
W3BECTHO, YTO D AuHTTOH Hamepund 1,70 cekyHasl, a mo HploTOHY MOMKHO OBl OBITH
0,85 cexyHpl. S monbITanCcs NOHATh, IOYEMY YUYEHBIE 3TO HECOOTBETCTBUE MOCUUTAIIN
NPU3HAKOM HEBEPHOCTU MeXaHHKU HpioToHa (XOTS 3TO Bpone Obl MOHATHO) U BEPHOCTHU
OTO Omimreiina. /[emo B TOM, 4TO B CHTyaluu, KOTZAA $ICHO, YTO NPOCTPAHCTBO
VCKPUBIISIETCA, HO HEMOHATHO IMOYEMY, €IUHCTBEHHBIM CIOCOOOM CH€NaTh YpPaBHEHHS
paboTOCTIOCOOHBIMHU (MMPUTOHBIMU JJISl YUCIICHHBIX PAcueTOB) SIBJISIETCS] SKCIIEPUMEHT, B
KOTOPOM MOTYT OBITh OmnpeneneHbl KodhduiuueHTs! 1o0oro ypaBHeHus. [1oHATHO, 4TO
OWHIITENHH a0CONIOTHO HE 3HAJ, MOYEMY HCKPHUBISIETCS MPOCTPAHCTBO, & TOTOMY JJIs
omnpezesneHust kodp(UIMEHTOB CBOMX YPaBHEHUH MOJDKEH ObLI JIOKUIATHCS TEPBOTO
HKCIIEpUMEHTA (3TO B TOYHOCTH TaK K€, KaK TO, YTO 3aKOH BCeMHpPHOTo TATOTEHUs CcTall
pabounM uHCTpyMeHTOM, Korja Ilyaccon mo pesynsratam KaBenauiua omnpeaenui
YUCJICHHOE 3HAY€HUE TPABUTAIMOHHOW MOCTOSHHOW). HO sKCnepuMeHT DAAMHITOHA
ObUI MEPBBIM, 2 TOTOMY Ha €T0 OCHOBAHUU MOKHO OBLIO BBICUMTATh KOI(DDULIMEHTHI IS
ypaBHeHUN OWHINITEHAa, HO HENb3sl ObUI0 ckazath, uto OTO cooTBeTCcTBYET
JNercTBUTENBHOCTU. HyskeH OblT BTOPOMl 3KCIEPUMEHT, a BhIBOJ O mpaBuibHOCcTO OTO
TEM HE MeHee ObLI yxke caenad. Kpome Toro, Mmexanuka HproToHa neanbHO COBIAAET C
JIBUYKEHUEM MAKpOCKOMMYECKUX Tell, U 37ech oHa He npoTuBopeduT OTO. [louemy xe
OHH, BIPYT, pacxoasaTcs sl POTOHOB?

Bo3sBpaiasich k TeMe CTaTbu, MOKHO CZEJIaTh BBIBOJ: (POTOH U T'PABUTAI[MOHHOE TEJIO
B3aUMOJICHCTBYIOT HE TOJIbKO T'PaBUTAIIMOHHO. M eNMHCTBEHHBIH BHJI B3aUMOJICHCTBUS,
KOTOPBIM 3[1€Ch NPUMEHHM — 3TO B3aUMOJCHCTBHE JJICKTPUYECKHX 3apsaaoB. Mory
MOBTOPUTHh MBICJb, YK€ BBICKA3aHHYIO B JaHHOM cTarbe. JlBa MACCUBHBIX Teja
B3aHMOJICVCTBYIOT T'PaBUTALlMOHHO, HanmpuMmep, Ha Becax Kasenwmauma. Ho ecinm ux
3apSAIUTh DIIEKTPUYECKUMH 3apsiaamMHu, TO CHJIBI B3aWMOJAECUCTBUS H3MEHATCS OYEHb
CWJIBHO (IIpUYEM, OHH MOTYT OBITh KaK NPUTATHBAIOIIMMHU, TaK U OTTAJIKUBAIOLIUMH), a
SHEprusi JEHCTBUS OSTUX CHJI OyIeT ONpeAeNsAThCS BEIWYMHOW 3apsiia B Tropasio
OOJbIIEH CTEIIEHH, YeM MacCaMHU.

Ho, npennmonoxum, ¢(otoH umeer 3apsan, onHako CoJHIE-TO B CBOEH Macce
HelTpanbHO. BepHee, Ha BHYTPUATOMHBIX PAaCCTOSIHUSX (POTOH MOT Obl IIOYYBCTBOBAThH
3apsAbl OTAEJBHBIX YAaCTUIl B aTOME, HO Ha JIFOOBIX MAKpPOCKONMHYECKUX PACCTOSTHUSIX



BELIECTBO, COCTOSIIEE U3 Pa3HOMMEHHBIX YacTHUL, yke HeUTpasibHO. Kak B 3TOM cityyae
MOJKET IPOUCXOIUTH B3aUMOJIEHCTBHE?

B osnexkrtpuyecku 3apsokeHHOM  3dupe, KOTOpBIM TpeAcTaBiseT  coOoif
KPUCTAJUIMYECKYIO PELIETKY, COCTOALIYI0 M3 OJHOMMEHHO 3apsKEHHBIX YACTHUII, TAKOE
B3aMMOJICHCTBUE HEUTPAIBHOIO U 3apsKEHHOIO TeJl BO3MOXKHO (s OBl 1aKe CKasall, uTo
Hen30exHO0). OHO NPOUCXOIUT HE HENOCPEICTBEHHO, a MOCPEACTBOM HCKaKEHHUS
CTPYKTYpbI 3dupa B MPUCYTCTBUHU HEUTPAILHOIO TENa, KOTOPOE (MCKaXKEHHE) OKa3bIBAET
BJIMSTHUE HA TIOJIOKEHUE U IBMYKEHHE JIEKTPUUECKHU 3apsSHKEHHOTO Tea.

UTOoOBI MOHSATH, KaK 3TO MOXKET MIPOUCXOAUTD, MPEACTABLTE CEOE, YTO BbI MOJIOKUIN Ha
0aryT TsKeNnoe MeTaludeckoe siipo. OHO MPOAABUT MOBEPXHOCTh 0aTyTa, U STYEUKH ero
CTPYKTYpbI BOJM3H sJipa YIAJIUHHATCS B OJHOM HampaBlIeHUH (K SJIpy) U YMEHbIIIATCS B
NEPIEHIUKYISIPHOM HarpaBiieHud. To ecTh, CTPYKTypa «KPUCTALIIMUYECKON perieTKm»
OaryTa HapymuTcs. B kpucraminyeckon pemeTke JEeKTPUIEcKoro 3upa To ke caMoe
MPOU3OUIET B MPOCTPAHCTBE (s mmcan B pabore [6] Kak MPUCXOIUT YMEHBIIICHUE
CTaTUYECKOIO JaBJICHHMS MEXJIy YaCTHIIAMHM BEIIECTBA 3a CYET KOJUIEKTHUBHOIO
JBIKEHUS YacTUI] 3pupa). ITO CHUIKEHHUE CTaTUYECKOTO JABICHUS U OyJeT NCKaKEHUEM
CTPYKTYpbl KpHUCTaJULIMYECKOW pemerku d¢dupa. S He Oyay u300paxkarb TakKoe
U3MEHEHHE CTPYKTYphl B IIPOCTPAHCTBE, ITOCKOJbKY €ro BCE paBHO NPHUIETCS
M300paXkaTh Ha TIOCKOCTH, & HA TUIOCKOCTU BCE MOHSATHO U3 aHanoruu ¢ 6aryrom. Ho B
AIIEKTPUYECKH 3apsKEHHOM 3(Hpe Takoe HCKaKEHHWE PEeIIeTKH HEU30€kKHO CO37acT
IPaMEHT M3MEHEHUs DJICKTPUYECKOro TOTEHIMalla B  OINPENEICHHOM Yy4YacTKe
MPOCTPAHCTBA.

A Temnepb NpeACTaBbTE, YTO HA IUIOCKOCTH (IJIOCKOCTh B JAHHOM Clly4ae — 3TO
PaBHOMEPHO pacIpe/le]ICHHbIN 3aps/]) UMEETCs IJIaBHO YIIyOustomascs siMka (Tam, rie
IUIOTHOCTB 3aps/ia MPETEpHeBacT U3MEHEHHUs), OJIMKE K Kpar0 KOTOPOM KaTUTCS MSYUK
(xkak B rTomb(e). JlocTurHyB Hayana yrIyOJNeHUS OH H3MEHUT CBOE HalpaBlCHHUE
JBWKEHUSI B COOTBETCTBHH C I'PAJUEHTOM 3JIEKTPUYECKOIO IMOJISL, TOJBKO JUISl 3TOrO0 OH
JOJDKEH 00J1afaTh AJIEKTPUYECKUM 3apsAoM. YBEJIMUYEHUE pPACCTOSHUM (yIIMHHEHUE
AYEEK PELIETKH) B TOJOKHUTEIBHO 3apSyKEHHOM 3(QUpe SKBUBAJEHTHO YMEHBIIECHUIO
MOJIOKUTEILHOTO MPOCTPAHCTBEHHOTO 3apsija (B HalleM NMOHUMAaHUHU, BOSHHUKHOBEHUIO
OTPULATENIBHOTO 3apsAna). A, TMOCKOJIbKY (OTOH CKOpEe BCEro SBIAETCS HEKUM
YIUIOTHEHUEM MOJOXKUTENBHOIO 3apsiga, TO €CTh, 00JaJaeT MOJIOKUTEIbHBIM 3apsioM,
TO €ro B Mpolecce MepeMelieH s BOIU3U Kpasi IMKU MTOBEPHET B CTOPOHY LIEHTPa ITOM
saMku. To ecTh, B TOM HalpaBieHUH, Kylda U MOBopauuBaeTcs (GOTOH, ABUTASICH BOJIM3H
Connua. Ilo-BuaguMoMmy, 37€Ch M JIEKHUT OTBET Ha BOMNPOC, KOTOpbIM s 3axan B [7]:
NOYEeMY MbI BUJIUM CTPAHHBIC SIBICHUS BOJIM3U MpPENojiaraéMbIX YEpHBIX AbIp (YepHas
JpIpa UMEET Ty K€ Maccy, 4YTO M 3Be3/a 10 €€ KOoJUIalca, HO €CIM Mbl HE BUJUM HHYETO
IIOXOXKET0 BOKPYI 3B€37, TO IOYEMY OHM BO3HUKAKOT BOKPYr 4YepHbIX aAblp)? Tak
BUJUTCSA, 4YTO B3aUMOJEHCTBHE HIET HE TOJBKO TIPAaBUTALMOHHO, HO H
AIIEKTPOCTATUYECKH, YTO 3HAYUTEIHHO MHTEHCUBHEE, a MOTOMY BOKPYT YEPHBIX JIbIP
(moka emie TOJBKO MPENAIOJIAraéMbIX YEpPHBIX JbIp) BUIHBI YCKOPEHHBIE IOTOKHU
npoToHoB. Kak s y)ke ckazaj, eclii OHU HE YCKOPSJIUCH 3BE3/I0M, TO C YEro UM, BIAPYT,



YCKOPSTHCSI YEPHOM JIBIPOM TOM K€ MacChl?
6. 3aKiroueHHeE.

[ToHATHO, YTO caenarb OKOHYATENIbHBIA BBIBOJI O HAJMYUU MAcChl MOKOSA U 3apsja
(OoTOHA MOXKHO JIMIIb [0 PE3YJbTaTaM IKCIEPUMEHTOB. MHE Ka)KeTCsl, YTO B HACTOSIILIEE
BpeMsl IPOBECTH HX JINOO CIOXKHO, MO0 HEBO3MOXKHO. B crarbe BOOOWIE-TO yKa3aHbI
HEKOTOpbIE€ HaNpaBJIEHUs B NPOBEJECHUU TAKUX 3KCHEPUMEHTOB. IJTO CONOCTAaBJICHHE
CUETHOTO KOJIMYECTBAa MaJAlONIMX Ha BEpPTYWIKY (OTOHOB U €€ YCKOpEHHS,
COTOCTABIICHUE SHEPrUU (POTOHOB M YCKOPEHHUS BEPTYIIKH, COMOCTABICHUE MAacChl
(GOTOHOB TMpW BpalleHUH BEPTYHNIKA U TPU TPABUTAUOHHOM JIMH3UPOBAHUU U
BO3MOXHbIE apyrue. Ho, MHE KaxKeTcs, UYTO YXKE CYILIECTBYIOIIUE PpPE3yIbTaThl
HKCIIEPUMEHTOB (€CJIM, KOHEYHO, CMOTPETh HAa HUX HENPEJB3SITO) MOTYT CYIIECTBEHHO
MOK0J1e0aTh HaIlly YBEPEHHOCTD, YTO YK COBPEMEHHbIC (PU3UKH BCE 3HAIOT U OMIMOATHCSA
HEe MOryT. MoryT u ommubarorcs.
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