B cratbhe nmpuBoIsATCS T0KA3aTENbCTBA CYIIECTBOBAHMS d(upa (CBETOHOCHOW CpPEJIbI)

Cratbu, mo00HBIE HIDKENPUBEACHHOW MOXXHO BCTPETHTh, B TAaKWX XXypHanax kak «Hayka u
XKU3Hb» WK «TeXHUKa MOJIOIEKI.

B Tekcre cTaThby UMEIOTCS CCHUIKM Ha PE3YNbTAaThl pELIEHUs YeThlpex npumepoB. Ho pesynpraTsl
peuieHus IpUMEPOB TIATEIBHO IIPOBEPEHBI, I03TOMY B IIPOLIECCE 3HAKOMCTBA C COJAEPKAaHUEM CTaTbU
HE CTOUT OTBJIEKAThCSl HA IPOBEPKY NMPABUILHOCTU NMPUBOJAUMBIX B CTaThe LIU(PP, @ BBIIOJIHUTH TaKyIO
IIPOBEPKY, €CIIU MOSIBUTCA TAKOE JKEJIAHUE, MOKHO U IIOCJIE IIPOYTEHUS BCETO TEKCTA CTATHU.

2. Cpepa pacnpocTpaHeHUs1 3NeKTPOMarHUTHbIX BOJH

Heuunypenko Huxonait Anexceeeuu 2. Dnepzooap, Yxkpauna
Cas3b ¢ aBropom: E-mail: nikola-nech@yandex.ua.

2.1. AneKTpuyeckoe norse, NnpuHagnexaiiee 3NeKTPUYECKU HEUTpParbHOMY
BellecTBy

Haunnas ¢ 1881 rona, amepukanckue yuenole A. Maiikenbcon u O. Mopiu, a B IOCIeACTBUE U
Apyrue HUCCIENOBAaTeN IPOBOJAWIN OIBITHL, LENBbIO KOTOPBIX OBUIO OOHapyXeHue cpeobl
pacnpocmpanenus nekmpomacHumublx 6oan. Cpeny pacupOCTpaHEHUsl SJIEKTPOMArHUTHBIX BOJH
OOHapyXHUTh HE YAAJIOCh, U 3TO IOCIYKWIO MOBOJOM JUIsl TEOPETUYECKUX pa3pabOTOK, KOTOpBIE,
BCTyMass B TMPOTUBOPEUHS C KIACCHUYECKUMHU 3aKOHAMHU (PU3UKH, H3MEHSUIM CYIIECTBOBABIINE
MIPEJICTaBICHHS] 0 MHOTHX HAOII0JaeMbIX B IPUPOJIE SIBJICHUSIX.

B 1905 rony mnosBunace crares A. OWHmITENHaA ¢ wH3nokeHWeM CHenuanbHOW TEOpHH
OTHOCUTENILHOCTH, B OCHOBY KOTOPOU OBLIIM MOJIOKEHBI MOCTYNATHI, CYyTh OJTHOTO U3 KOTOPBIX COCTOUT
B TOM, YTO CKOPOCHb C6ema, Mo eCmb CKOPOCMb INeKMPOMASHUMHBIX 60H, PACNPOCMPAHAIOWUXCSL 6
gakyyme, umeem oOUHAKOBOE 3HAUEHUE B0 BCEX BO3ZMOICHBIX UHEPYUANbHBIX cucmemax omcuyema. Ilpn
3TOM Jejagach OroBOPKa, YTO BAaKyyM [JOJDKEH CUYMTATbCSl HUYEM HE 3aIllOJHEHHBIM (ITyCTHIM)
npocTtpadcTBoM. (CienoBaTeabHO, B COOTBETCTBHE CO CIEIAHHOM OTOBOPKOM, DIJIEKTPOMAarHUTHBIE
BOJIHBL, B OTJIMYUE OT BCSKUX JPYTUX BOJIH, PACHPOCTPAHSIOTCS BHE BCAKOM cpeabl. OnHaKo He ObLIO
Obl OCHOBAaHUH JUIsI COMHEHUI B MCTUHHOCTHM KJIACCUYECKHUX 3aKOHOB (DM3UKU U JUIS MOSIBICHUS
Teopun 0THOCUTENBHOCTH, €CJIN OBl YJAJIOCh BBISIBUThH CPEly, BO3MYIIEHUSI KOTOPOWH MPUHUMAIOT BUJ
PacIpOCTPAHAIOIIUXCS JIEKTPOMATHUTHBIX BOJIH, & MAKAA cpeda, Ha36aHHAA 6 C60€ 6peMA IPUpPom,
cywiecmeyem.

B nHacrosmueil cratbe OyayT NpPHUBEICHBI JOKA3aTEIbCTBA TOTO, YTO 21EKMPUYECKUM 3aPSAOAM,
Komopule co0epicamcs 6 INeKMPUYecKu HeumpaibHoi COCHAGNAIOWCI 6Ce20 BCel1eHCK020
eeuwjecmeqa, nNpuHAoOaedCUM  dNeKmpuyeckoe noie, AGAOUjeecs Cpeodou  pacnpocmpaneHus
INEKMPOMASHUMHBIX BO.IH.

IIpocTpaHCcTBO, B KaKOM-TO €ro o0beMe, MOXKHO M30aBUTh OT BEIIECTBEHHOH COCTaBIIAIOLICH
MaTepuH, MOCJIe Yero 3ToT 00bEM NMPOCTPAHCTBA JOJDKEH CUUTAThCA BAKYYMOM, OJIHAKO MPOCTPAHCTBO
HEOTJeUMO OT MaTepuu CHUJIOBBIX NoJjieil. HeBo3MOXKHO OOHapyXHUTh MM CO3[aTh MPOCTPAHCTBO,
n30aBJIEHHOE OT MAaTepUalbHOro, MO CYTH CBOEH, IPaBUTALMOHHOIO I0JIA, KOTOPOE HPUHAIEKHT
CyMMapHOM Macce Bcero mmeromerocs Bo Beenennoil BenjecrBa. [loMuMo rpaBUTaMOHHOTO MOJIA,
HEOTHEMJIEMON COCTABJIAIOIIEH JIF0OOr0 MPOCTPAHCTBA SBISAETCS PE3YJIbTUPYIOLIEE 3JIEKTPUUECKOEe
1oJie, IPHUHAUIEKALIEE BCEM D3JIEMEHTAPHBIM JJIEKTPUYECKUM 3apsiiaMH, KOTOpPbIE HMEIOTCS B
IIPUPOJIE.

MO>KHO MPEANONI0KHUTh, YTO MapaMeTpbl JIEKTPUUECKOTO OIS, MPUHAAISKAIIET0 KaKOMY-TTH00
ANIEKTPOHY, M3MEHWJIMCh NOJ BIUSHHEM BHEIIHMX (AaKTOpoB. B 3TOM ciydae »1neKTpoH, Kak
JJIEMEHTapHas YacTHUIlA, HEM30EKHO TMpeKpallaeT CBOE CYIIECTBOBAaHHME, a BMECTO 3JIEKTPOHA
MOSBJISIETCS  pyrask 4acThLa, KOTopas OTIMYaeTcs OT JJIEKTpOHAa TEM, YTO IapaMeTphl
IEKTPUYECKOTO TMOJIA, TPUHAIIEKAIETO BHOBb IOSBHMBIIEHCS 4YacTUIE, HE COBIAAAIOT C
napaMeTpamMu d3JIEKTPUUYECKOTO MOJs djeKTpoHa. ClemaoBarenbHO, MapaMeTpbl 3JIEKTPUUECKOTO
3apsiia, a COOTBETCTBEHHO M IapaMeTphl 3JIEKTPUUYECKOrO IOJIsA, NPUHAUIeKAIIEro JIroOoMy
SNIEKTPOHY WJIM TPOTOHY, BCEr/a OCTAIOTCS HEM3MEHHBIMH M HHUKOMM 00pa3oM HE 3aBHCAT OT
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BHEIIIHUX YCIOBUH.

JIro00¥ 3MEKTPOH WM MPOTOH MOKET HAXOJUTHCS B YSJIMHEHHOM COCTOSIHUH, MOXET OBITh
COCTaBHOM 4YaCThIO MU30BITOYHOTO 3JIEKTPUUYECKOTO 3apsia, a MOKET BXOJUTh B COCTAB JEKTPUUECKU
HEHUTPATBLHOTO TEJa, U BO BCEX CIIYYasX MapaMeTphl AIEKTPUIECKOTO IMOJIS, TPUHAJICKAIIETO TI000OMY
AJIEKTPOHY WJIM MPOTOHY, OyAYyT OCTaBaTbcs HeM3MEHHbIMU. CJeI0BaTeNbHO, JIEKTPUUYECKUE OIS,
KOTOpbI€ TMPHUHAUICKAT OTACIBHBIM AJIEMEHTAPHBIM  3apsijiaM, COJIEpP)KAIlUMCS B COCTaBe
JNEKTPUYECKH  HEUTPaTbHOIO  BEIIECTBA, IMPH HMX B3aUMHOM  HAJIOXKEHHUH  (POPMHUPYIOT
pe3yJabTUpYIOLEe 3JIEKTPUUECKOE II0Jie, IPUHAJIEeKAIIEe HEHUTpaJbHOMY BEIIECTBY M 3TO MOJE
COCTOMT W3 JIByX B3aUMHO CKOMIICHCHPOBAHHBIX, HO OTHIOJIb HE B3aUMHO YHHYTOXXEHHBIX
ANEKTpUUECKUX mojed. OAHO W3 ITHX MOJIEW MPUHAIICKUT BCEM IMOJIOKUTEIBHBIM 3JIEMEHTAPHBIM
3apsgamMu (TIPOTOHAM), KOTOPBIE COAEpKATCS B 00BEME IJIEKTPUYCCKH HEHTPaTbHOrO BEIIECTBA, a
BTOpPO€ T0JI€ TPUHAAJCKUT BCEM OTPHUIIATEIBHBIM DIIEMEHTAPHBIM 3apsjaaM (JIEKTpOoHaM),
HaxOJIAIIUMHUCS B TOM K€ 00pasiie BEIecTna.

N3 nannbix npumepa 1 crienyer, 4to oOpaszerl MEeKTPUIECKA HEUTPATIBLHOTO BEIIECTBA, KOTOPHIMA
pacrioiaraercs B TPOU3BOJBLHO BBHIOPAaHHOM MecTe BceneHHOW W HaxoIuTCs TOJ JIeWCTBUEM
Pe3YIbTUPYIONMICH TPABUTAIMOHHOW CHJIBI PABHOM OJHOMY HBIOTOHY, OJHOBPEMEHHO TIOJIBEPKEH
JNEHUCTBUIO BYX B3aMMHO YPaBHOBEIICHHBIX JIEKTPUUECKUX CHUJI, 3HAYCHHUS! KOTOPBIX HE MEHEe 10*
HblOTOH. ClieoBaTeNbHO, JH000€ TeJo, JIF000M oOpaser] BemecTBa, Jt000W OBITOBOM MpeaMeT
obmamaeT JBYMsS B3aWMMHO CKOMIICHCUPOBAHHBIMU AJICKTPHYECKUMHU TIOJISIMH, W 3HAYCHHE
HaIpsDKEHHOCTH KaXJ0ro W3 ATuX mojeil orpomebsl. ([Ipumepbr pasmereHsl B KOHIIE TEKCTa
HACTOSIIEN CTaTbH).

B nanbHeliem oanekmpuueckoe none, npunalnexcaujee mMomy UL UHOMY IJIeKmpUyecKu
HelimpanibHoMy obpasyy eeujecmsd, 0yoem HA3bIBAMbCS HEUMPAIbHbIM INeKMPULECKUM Nojem WIH
cokpamieHHO — HI-nonem. Onexkmpuueckoe none, Gopmupyemoe 3MeKMPULECKU HeUMPAaIbHOU
cocmasnaowell ece2o umeruecocsa 60 Bcenennoii eewyecmea, 6yoem nazvieamvcs eOunvim HI-
nonem. Equnoe HO-moe — 310 1 ecTh TOT 3¢up, MOUCKAMH KOTOPOTO 3aHUMAIUCh MalKenbCOH U
Mopiu, HO TIOKa 3TO HE JI0OKa3aHO yKa3aHHOE Tojie OyaeT Has3pIBaThCs HE AhUpoM, a enuHbiM HO-
MOJIEM.

2.2. BzaumogencTemne HeMTpanbLHOro 3af51IeKTPUYECKOro noss ¢
3M1eKTPOMArHUTHLIMU BOJTHAMMU

PabGoTta ycTpo#CTB pagMoOCBsI3U SBISETCS SKCIEPUMEHTAIBHBIM IOATBEPIKICHUE TOTO, YTO B
MpoIecCe PacIpPOCTPAHEHHS DJICKTPOMATHUTHBIX BOJH TIPOUCXOJAT HEMPEPHIBHBIC BO3MYILICHHS
equaoro HO-momns.

Bynyun osiekTpuuecku HEWTpalIbHBIM TEJIOM, aHTEHHA pPaJuOIEpPENaroIIero yCTpPOWCTBa, B
clydae TMPOTEKaHUS B €€ TOKOMPOBOISIICH IENU IMEPEMEHHOTO 3JIEKTPUYECKOTO TOKa, H3JIydaeT
paguocursai. [Ipu nmpoTekaHuM MEPEMEHHOTO TOKA B Pa3JIMYHBIX yJaCTKaX aHTCHHBI HAKAILIMBAIOTCS
M30BITOYHBIC PA3HOUMEHHBIC DJIEKTPUUYECKUE 3aps/Ibl, BEIUYMHA U MOJSIPHOCTh KOTOPHIX HEMPEPHIBHO
W3MEHSIETCS C MEePUOJIUYHOCTHIO, PAaBHOM YacTOTE TEKYILEro B aHTEHHE MEPEMEHHOr0 TOKa, TO €CTh C
MEePUOJUYHOCTHIO PABHOM YAcCTOTE U3Iy4yaeMOro AaHTeHHOW curHana. VI30bITOuHbIe 3apsfbl,
HAKaIlJIMBasCh B TOKOIPOBOJIICH ILEMU aHTEHHBI, (DOPMUPYIOT PE3YIbTUPYIOLIEE SIEKTPUUECKOE
MoJjie, HANpsDKEHHOCTh KOTOPOTO HMMEET OmpelesieHHoe (He paBHOE HYNIO) 3HAYEHHE.
PesynbTHpyroiiee nepeMeHHOE AIIeKTpUIEcKoe molie, GopMupyemMoe n30bITOYHBIMU 3apSAaMHU, — 3TO U
€CTh ~TO  IIEPBOHAYAJIBLHOE  BO3MYIIEHHE, KOTOpPOE  BIOCIEACTBHM  IPUHHMAET  BHUJ
PacIpOCTPAHSIONIUXCS dIEKTPOMATHUTHBIX BOJH. V30BITOYHBIE 3aps/bl, KOTOPbIE HAKAIUIMBAIOTCS B
paauonepeaollell aHTEHHE B MPOIIecce MPOTEKAHMS B €€ 1IN MEPEMEHHOIO TOKa, OKa3bIBAECTCS HE
TOJIbKO PAa3sHOMMEHHBIMHU, HO ¥ PABHOBEIHMKHUMH IO CBOEMY aOCOIIOTHOMY 3HAUEHHIO, MOITOMY
W3HAYAJIbHO DJIEKTPUYECKU HEUTpaslbHash aHTEHHAa W NPU H3IYyYEHUU PaJUOCUTHAIA OCTAaeTCs, B
obmieM o0beMe CBOEM, DIEKTPUUECKH HEHTpanbHbIM TenoM. ClefoBaTenbHO, 8 paduonepedaroujeli
aHmMeHHe U3Tyyaemblll CueHAal hopmupyemcs 6 pe3yiomame 8o3myujeruti H3-nons, npunaonescaue2o
SMoU aHmenHe.

MoxHo mpenmnonaratb, 4ro Bo3myulleHuss HD-mons, sBismommuecs: pe3yabTaToM MHpPOTEKAHUS
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MEPEeMEHHOTO TOKa B IEMU U3NMyJarolled aHTEHHBI, — 93TO BCEro JMIIb HCXOJHOE COOBITHE,
HEoOXoIuMOe JUIST 3apOKICHUSI DJIEKTPOMATHUTHBIX BOJH, CaM JK€ MPOIECC pPacnpoCTPAHCHUS
AJIEKTPOMArHUTHBIX BOJH HE CBSI3aH C BO3MYIICHUSIMU KakKoM-TuOo0 cpeapl. To ecTb MOXKHO
MpeAnoJaraTh, 4YTO AMEKTPOMATrHUTHBIE BOIHBI, PACPOCTPaHSSACh, HE BCTYNAIOT BO B3aUMOJICHCTBHE C
Kakoi-mnbo cpemoil. OgHAKO MOMUMO PaJAUONEPENAIONINX YCTPOMCTB CYIIECTBYIOT €Ile U
paJMONIPUEMHBIE YCTPONCTBA, aHTCHHBI KOTOPBIX, OyIydd SJICKTPUYCCKHA HEHUTPATbHBIMH TEJaMH,
BCTYINAIOT BO B3aMMOJICWCTBHE C JJICKTPOMArHUTHBIMH BOJIHAMH. DJEKTPUYECKHE TOJIS,, KOTOPHIE
MIPUHAJYICKAT DJIEMEHTAPHBIM SJICKTPUUYECKUM 3apsijiaM, BXOISIIMM B COCTaB NMPUEMHON AHTEHHBI,
BCTYINAIOT BO B3aMMOJICHCTBHE C BHEIIHUM DJJICKTPUYECKUM II0JIEM, KOTOpPOE SIBIAECTCS OJHOM W3
COCTABJISIIOIIMX  PACIPOCTPAHSIONIMXCS  JJCKTPOMAarHUTHBIX  BOJIH.  BcenencTtBue  Takoro
B3aMMOJICMCTBHSI B TOKONPOBOJAIIEH ULENH IPUEMHOM AHTEHHBI MOSABISETCS INEPEMEHHBIN
INEKTPUYECKUN TOK. OJIEMEHTapHBIM 3apsjiaM, BXOJAIIMM B COCTaB IPUEMHOW aHTEHHBI,
npuHaiexxur HD-mone stoit anTenHsl. ClieoBaTENbHO, TOJBKO B pe3yibTaTe B3aMMOJICHCTBUS
AJIEKTPOMArHUTHBIX BOJIH ¢ HD-monem mpueMHOW aHTEHHBI B €€ TOKOIPOBOJIAIICH IIEMH MOXKET
MOSIBUTHCSl TIEPEMEHHBINA DJJEKTPUUYECKUNA TOK, a 9TO O3HAYaeT, UYTO SJICKTPOMATHUTHBIC BOJIHBI
BBI3BIBAIOT BO3MYyIIeHuss HD-mosis, koTopoe chopMupoBaHO AIIEKTPUUESCKUMU 3apsiIaMH, BXOISIIIUMH
B COCTaB JJIEKTPUYECKH HEUTPAIBHON IPUEMHON aHTECHHBI.

DNeKTpOMarHuTHBIE BOJHBI HE MOTYT JEHCTBOBAaTh BBIOOpOYHO. Ecim siexkTpomMarHuTHbBIE
BOJIHBI B3auMoJieiicTByloT ¢ HDO-mosmem paavonpueMHON aHTEHHBI, TO O3TH BOJHBI OyAyT
B3aUMOJICHCTBOBAaTh U ¢ HD-momsiMu BceX OCTaNBHBIX OKPYKAIONIUX AaHTEHHY TPEIMETOB, B TOM
yucne u ¢ HDO-momem 3emmnum, Connma, JIyHl W BCEro OCTalbHOTO BCEJIIEHCKOTO BEIIECTBA.
CnenoBarenbHO, npoyecc  pacnpocmpaHenus — INeKMpPOMASHUMHBIX — GOIH — CONPOBOHCOAEMCS
HEeNnpepul8HbIMU 803MYUEHUAMU HEeMPAlbHO20 INIEKMPUUECKo20 NOoJls, Komopoe gopmupyemcs ecem
umerowjumca 60 Bcenennoii eewjecmeom — HenpepvlgHLIMU GO3MYUleHUAMY eOunozo HI-nonx.
OnHako BO3MYIIEHHS CPEBl MOTYT U HE TPHOOPECTH BHUJ PACTIPOCTPAHSIONINXCS B 3TOU CpeJie BOJIH.
OTO NOATBEPKIAETCSA CIAEAYIOLIMMHU ONBITAMM.

OnuH KOHEI y3KOW CTajlbHOW, a 3HA4YUT YOPYrodM IUIACTHUHBI, B POJU KOTOPOH MOMKET
UCIOJIb30BATbCA CTajbHAs M3MEpUTENbHAs JHMHEHKa, HEOO0XOAMMO 3JKECTKO 3adUKCHpOBATH B
HEIMOJBUKHOM COCTOSHUM. EcCIM NpOTHBOMOJIOKHBIM HE3AKPEIJICHHBI KOHEL 3TOW IUIACTHUHBI
OTBECTH B CTOPOHY, a 3aTeM TMPEIOCTaBUTh €My CBOOOJYy, TO MOXXHO HaOIIOIaTh KoJIeOaHUs
HE3aKpEeIUICHHOTO KOHIIA IUIACTUHBI — 3TO TaK Ha3bIBaeMble c680000uble KoneOanus. CTaabHYIO
IJJACTUHY MOJKHO 3aMEHHUTh COBHIAJAIOIIEN IO T€OMETPUYECKMM pa3MepaM MEIHON IUIaCTHUHOM.
MSrKyi0 MEAHYIO IUIACTHHY HEBO3MOXHO BBECTH B PEKHUM CBOOOJHBIX KojeOaHui. OmHako eciu
HE3aKPEIUICHHBIM KOHEL] MEHOM IUIACTUHBI OKAXKETCS 0]l BHEIIHUM BIIMSIHUEM, TO OH, NOJYUHSASCH
JNEUCTBUIO BHEIIHUX CHJI, MOXET COBEpIIaTh KojiebaTenbHble JBUKEHHS, KOTOPbIE OKaXyTCs
CXOJHBIMU CO CBOOOJIHBIMH KOJICOAHUSIMU CTaJIbHOM MJIACTHHBI — 3TO TaK HA3bIBAEMBIE 8bIHYHCOCHHbIE
KoebaHusi METHOM TIaCTUHBI.

Bonnel — »3T0 pacmpocTpaHsifouiecss B - KakOH-1MOO cpeae  CBOOOIHBIE — KOJIEOaHHS.
CrnenoBaTenbHO, POJb CPebl PACIPOCTPAHEHUsI BOJH MOXET HMCIOIHATH TOJBKO Ta CpeAa, KOTopas
CHOCOOHAa HAXOJUTHCS B pEXHME CBOOOJHBIX KojeOaHUM, a MeAHAas IUIACTHHA, B3aUMOJEHUCTBYS C
HMCTOYHUKOM KoJeOaHUM, HE MOXKET BOMTH B COCTOSHHE CBOOOJHBIX KoJieOaHMid. DTO 03HAYAET, YTO
¢bakt B3aumozeiicTBust HI-mosnst ¢ pacnpocTpaHsIoImUMHCS 3JIEKTPOMArHUTHBIMU BOJTHAMH HE MOKET
OBITh JOCTATOYHBIM M OECCIOPHBIM JUIS TOTO YTBEpXkACHHUA, 4yTo eauHoe HD-mone sBnsieTcs: cpenoi
pacpoCTpaHEeHHUsI SJIEKTPOMArHUTHBIX BOJIH.

2.3. CBOMCTBA 3/1EKTPUYECKOro Nonf, NpUuHaanexalero afieKTpu4ecku
HenTpanbHOMY BelecTBY
E,Z[I/IHOG H3-none JOJDKHO HE TOJBbKO B3aHMOﬂCﬁCTBOBaTL C PacupoCTpaHAOMIUMHUCA
QJICKTPOMAIrHUTHBIMU BOJIHAMH, HO U O6J'Ia,Z[aTL Ha60pOM CBOI>'ICTB, KOTOPBIC CIIOCOOHBI 00ECIIEYNTH
€My PCKUM CBO6OI[HBIX KOHe6aHHI>'I, TOJIBKO IIpU CO6JHOI[CHI/II/I 9TOIr0 YCJIOBHUA COUHOC HD-noxe
CMOKCT UCIIOJHATD POJIb CPCAbl paCIPOCTPAHCHHUA JICKTPOMATHUTHBIX BOJIH.
Bcsakue CBO60,Z[HLIC KoeOaHus INOAYUHEHbI €AWHBIM (bI/IBI/I‘-ICCKI/IM 3aKOHaM. CHCI{OB&TGJ’IBHO,
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BBISIBUB IPUYHMHBI CBOOOJIHBIX KOJICOAHUI MOABEHICHHOTO HA MPYKUHE IPy3a, MOXKHO OINPENEIUTh U
CBOMCTBA Cpefbl, B KOTOPO MOTYT HAaOMIOAAThCS BCAKHE IPyrue CBOOOIHBIC KOJIEOaHNsI, B TOM YHCIIe
U T€, YTO UMEIOT BUJ PACIPOCTPAHSIOLIMXCS JEKTPOMArHUTHBIX BOJIH.

[loaBemieHHBI Ha NpPYXHUHE IPy3, HAXOAALIUICS B HEMOJIBMKHOM (MCXOJHOM) IOJIOKEHHH,
HEO0X0IMMO CMECTUTh BEPTUKAIBHO BHM3. CHIIBI yIIPYTOCTH, ACHCTBYIOIINE B MaTepHalie MPYKUHBI,
MONBITAIOTCS. BO3BPATUTDH I'PY3 B UCXOJHOE MOJIOKEHHUE, U €CIU I'Py3y IPEIOCTaBUTh CBOOOTY, TO OH,
NOOYUHAACL OeUCmeulo Cul yYRpy20cmu, YCTPEMUTCS B HCXOJHOE mosoxeHue. Ilpubnmxkasich k
UCXOJHOMY IIOJIOKEHHIO, IPy3 OOpETET ONpEeAeNEHHYI0 CKOPOCTh U, KaK CJIEJICTBUE, OKAXKETCS IO
necTBUeM cuil UHepuuu. [loduunsscey devcmeuro cuil WHepyuu, Tpy3, He OCTAHABIIMBASCH, IPOMAET
TOYKY UCXOJHOTO IOJIOKEHHSI U CMECTHUTCSI BBIIIE ITOTO MOJIOKEHMS], & 3aTEM CHOBA YCTPEMUTCS BHU3,
U TaKue KoyiebaTenbHbIe TBUKCHUS OyIyT HAaOMI0IaThCsl B TEUSHHE HEKOTOPOTO MPOMEKYTKa BPEMEHHU
n 0e3 Kakoro-imOo IOMOJHUTEIBHOTO BHEIIHETO BIMSHUSA. JTO O3HAYaeT, YTO CHUCTeMa Tpy3 —
MpyXUHa cI0COOHA HAXOIUTHCS B PeKUME CBOOOIHBIX KOJIeOaHH.

Ananu3 nporiecca CBOOOJHBIX KOJEOAHUH CHUCTEMBbI Tpy3 — IPY)KMHA MO3BOJSET YTBEPXKIaTh,
YTO HEKas cpela MOYKET HaXOJWUThCS B COCTOSSHUM CBOOOJHBIX KOJIEOAHWH, a 3HAYUT, MOXKET
HCIOJIHATH POJIb CPEbl PaCIpOCTPAHEHNUS BOJIH, €CIIU 3Ta cpejia 00IaiaeT CIEAYOIMMU CBOMCTBAMHU:

1. Bzaumooeiicmeyem c cuznanom, 2eHepupyemvim UCHOYHUKOM GOJIH.
2. Haxooumcsa noo oeiicmeuem cui ynpyzocmu.
3. Oébnaoaem unepyuoHHOCMBIO.

Heo6xomumo nmokasarh, uro ennHoe HD-mosie oGnamaer BhIlIe NMEPEUNCICHHBIMU CBOWCTBAMH,
IIOCJE YEro MOXHO YTBEpXKJaTh, 4TOo enuHoe HDO-mome sBisercs cpenod pacnpoCTpaHEHUs
AJIEKTPOMArHUTHBIX BOJIH.

HokazarenbcTBo 1-ro cBoiicrBa. CUrHasl, T€HEPUPYEMBbI HCTOYHUKOM 3JIEKTPOMArHUTHBIX
BOJIH, BCTYHaeT BO B3auMojelcTBHE cO BcskuM HDO-monem, W 3TO MOATBEp)KIAeTCsl HE TOJBKO
HaJIMYueM YCTPOWCTB PaiMOCBS3U, HO U PE3yIbTaTaMid MHOTUX JPYTUX 3KCIIEPUMEHTOB.

ToxonpoBogsmue Lenu paguoaHTEHH HM3TOTABIMBAIOTCSA U3 IPOBOJHUKOBBIX MATEPHANIOB, B
KOTOPBIX, B CIIy4ae M3JIy4CHHUs WM NPUEMa PaJUOCUTHAIOB, IPOTEKAIOT NepeMEHHbIC TOKH. OHaKo
pe3yJbTaThl ONBITOB, CBA3AHHBIX C MCCICNOBAHUSAMH SIBICHUM JJIEKTPOCTATUYECKOM WHAYKLUH,
CBUICTEIBCTBYIOT O TOM, YTO HE3aBHCHMO OT TOIO INPOBOJHUKOM WM JUIICKTPUKOM SBIIACTCS
IEKTPUYECKH HEUTPAIbHOE TEJIO HA €ro NMPOTUBOMNOJIOKHBIX CTOPOHAX, IOCIE TOrO KAaK 3TO TENO
OKa)KeTCsI TI0J] BIMSAHUEM BHEIIHEro 3JIEKTPUYECKOTO MOJIs, MOSBIISIOTCA U30bITOUHBIE pAa3HOUMEHHBIE
anekTpuyeckue 3apsabl. [losBaeHne H30BITOYHBIX 3apsiloB — 3TO PE3YJIbTaT YHOPSA0YEHHOIO
CMEILCHUs MIEKTPUYECKUX 3apsf0oB, KOTOPBIE BXOIAT B COCTAaB HEHUTpaiabHOro Tena. CienoBarenbHo,
BHEIIHEE DIIEKTPUYECKOE II0JIE B3aUMOJEHUCTBYET C JJICKTPHUUYECKUMH IIOJISMM, NPUHAIIEKAILUMU
JIEMEHTApHbIM DJIEKTPUYECKUM 3apsAlaM, KOTOPbIE COJEPKATCA B DIIEKTPUYECKH HEUTPAIBHOM
BEIIIECTBE, U TAKOE BEIIECTBO MOXKET OBITh KaK MPOBOJHUKOM, TaK U JTUIJICKTPUKOM.

OneKTpUYeCKue IMoJsl, [NpUHAIEKAIIUME 3aKIIOYEHHBIM B HEUTPalbHOM  BEIECTBE
Pa3HOMMEHHBIM JJIEKTPUYECKUM 3apsAlaM, MOAYUHSIACH JEUCTBUIO CHJI BHELIHETO I0JIsI, CMEIAIOTCS B
IIPOTHBOIIOJIOKHBIX HAINPABJIEHUSX M, JBMUIasiCh, YBJIEKAIOT 33 COOOH caMM YacTHULbl, KOTOpbIE
ABIJIAIOTCS. HOCHUTEISIMU DJIEKTPUYECKUX 3apsloB. B pe3ynpraTe Takoro ABM)KEHUS 3apsiioB Ha
IIPOTHBOIIOJIOKHBIX CTOPOHAX 3JEKTPUYECKH HEHTPaJbHOrO Tejla TOSBISIOTCS H30bITOUHBIE
pPa3HOMMEHHBIE 3apsibl.

3aKIl0YEeHHbIE B BEILECTBE AJIEKTPUUYECKHE 3apsiibl pearupyroT Ha Jr0oe BHEIIHEe
3JIEKTPUYECKOE I10JI€, IO3TOMY POJIb BHELIHETO 3JEKTPUUECKOT0 HOJIS € yCIeXoM OyAeT UCHOJIHATh U
TO TIEPEMEHHOE DJEKTPUYECKOE II0JIe, KOTOpO€ ABJIAETCA OJHOM M3  COCTaBJISAIOLIMX
JIEKTPOMAarHUTHEIX BOJIH. (CrnenoBarenbHO, edunoe HI-none, ecmynaem 6o 63aumoodeiicmeue c
CUCHAIOM UCOYHUKA, 2EHEPUPYIOU €20 ITIEKIMPOMAZHUMHbIE 60JIHbL.

Jloka3aTreabcTBO 2-10 CBOMCTBa. B3anMHYI0 ypaBHOBEIIEHHOCTb HECKOJIBKHUX CHJI MOXKET
HapyIIUTh HEKas CTOPOHHSSA CHUJla, M €CIIM 3TO NPUBEAET K IOSBICHHUIO PE3YIbTUPYIOLIEH CHIIBL,
KOTOpasi CTPEMUTBHCS BOCCTAHOBUTH HApPYLIEHHOE pPAaBHOBECHOE COCTOSHHME, TO W3HAYaIbHO
YPaBHOBEUIEHHBIE CHJIbI U MOSIBIISIIOIIASACS PE3YAbTUPYIOLIAs CUJIA SBISIOTCS CUIIAMU YIPYTOCTH.

[loka 3n€KTpUUECKN HEUTPAIBHOE TEJIO HE MOJBEPKEHO BIUSHUIO BHEIIHETO 3JIEKTPUYECKOIO
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I10JIsI, SJIEMEHTAPHBIE 3apsi/ibl, KOTOPHIE COJAEPXKATCS B ATOM TEJ€, PABHOMEPHO INE€PEMEILIAHBI MEXAY
co0oifl W paBHOMEpPHO pacIpelneicHbl B oObeMe Tena. B 3ToMm ciydae cuibl, JCHCTBYIOIIHE HA
OTJIEbHBIE DJIEMEHTApHbIE D3JIEKTPUUECKHUE 3apslbl, OKAa3bIBAIOTCS B COCTOSHUM B3aUMHOMU
YPaBHOBEUIEHHOCTH, a pE3yJbTUPYIOUIUE CHJIbI, KOTOPbIE MOIVIM OBl BbI3BaTh YIOPSAOYEHHOE
[IEPEMEILEHUE DJIEKTPUUECKUX 3apsAA0B, OTCYTCTBYIOT. DTO O3HAYaeT, YTO AJIEKTPUUYECKHE IO,
c(OpMHUpPOBAHHBIE PAa3HOMMEHHBIMH 3apsJaMH HEHTPAIBHOTO BEIIECTBA, HAXOIATCS B COCTOSIHUH
B3aMMHOM CHUJIOBOM YPAaBHOBEIIECHHOCTH.

[lox nelicTBUEM CHJ BHEIIHETO 3JEKTPUYECKOTO IMOJs HA IPOTUBOIOJOXKHBIX CTOPOHAX
HEUTPAJIBLHOTO TeJa HAKaIUIMBAIOTCSI M30BITOYHBIE PA3HOMMEHHBIE AJIEKTPUUYECKUE 3apsibl, KOTOPbIE
HaXOJATCSl O/ JEHCTBUEM CHJI B3aUMHOIO NpUTsSKEHHS. CHibl B3aUMHOTO IPUTSKEHUS! CTPEMSTCS
BO3BPATUTh 3apsi/ibl B UCXOJIHOE IOJIOKEHHE U BOCCTAHOBUTH TEM CaMbIM HApYLUIEHHOE PaBHOBECHOE
COCTOSIHUE JeHCTBYIOIUX CWI. TO €eCThb CHJbl 3JIEKTPUYECKUX II0JIE€H, KOTOpble NpUHAIJIECKAT
Pa3HOMMEHHBIM 3apsiiaM, BXOJSALIMMHU B COCTaB 3JIEKTPUUECKH HEUTPAIbHOIO Teja, JEMCTBYIOT Kak
cwibl ynpyroctd. M B 3TOM ciydyae BEIIECTBEHHAs COCTaBISAIOLIAS D3JIEKTPUUECKUX 3apsioB
OKa3bIBa€TCSl B [ACCUBHOM COCTOSIHMM, a B3aMMOJCHCTBHE OCYLIECTBISIETCA IOCPEICTBOM
NpUHAUISKAIIUX ATUM 3apsaaMm siekTpuueckux mnojeil. CrnenoBarenbHo, edunoe HI-none,
HAX00umcs noo 0elcmeuem Cuil ynpyzocmu.

Joka3zarenbcTBO 3-r0 cBOMcTBA. B 2JeKTpOTEXHUKE CYIIECTBYET Takoe€ IOHSTHE Kak
WHIYKTUBHOCTh — 3T0 KO3((UIHEHT MNPONOPLUUOHAIBHOCTH, OINPEACISIONINI Mepy 3aBHCHUMOCTH
MeXAy AEUCTBYIOUIEH Ha 3apsiabl MPOBOAUMOCTH 3JekTpoaBmxkymie cunoil (3C) u yckopeHuem
3aps7I0B B MPOIIECCe UX YIOPSAOUYEHHOTO JBM)KEHHUS:

rae € — nercreyomas B nmpoBoaHuke DJ[C caMOMHAYKIMM, 3HAYEHHE KOTOPOW MPOMOPLHOHAIBHO
pE3YABTUPYIONMIEH CUJie, NEUCTBYIONIEH HA 3aps/Ibl IPOBOAUMOCTH;

3HaueHWe HIEKTPHUYECKOro Toka | mpomopumoHambHO 3HAYCHHIO CKOPOCTH, C KOTOPOH
MPOKMCXOJIUT YIIOPSIIOYEHHOE JBIKEHUE 3apsoB mpoBoaumocti. CrienosarensHo, Boipaxenne dl /dt

MIPOMOPLUOHAIBHO YCKOPEHHUIO, C KOTOPBIM JIBMXKYTCS 3apsiibl POBOUMOCTH.
Kosddunment nponopruoHanbHOCTH,  ONPENCNSIONMA  Mepy  3aBUCHMOCTH  MEXAY
JICWCTBYIOIIEH Ha 3apsiibl MPOBOJMMOCTH CHIIOM € u yckopenwem 3apsinoB dl/dt, HaseiBaeTcs

WHAYKTHBHOCTBIO ¥ 0003HauaeTcs CUMBOJIOM L .

O/1C caMOMHIYKIIMU € MOSBISETCS TOJIBKO IMPH U3MEHEHUU 3HAYEHUS TEKYILIEro B MPOBOJHUKE
Toka | W Bcerga MpPOTHBOACWCTBYET JIOOBIM H3MEHEHHSIM 3HA4YCHHs 3TOro Toka. To ecTh Ha
HEpPaBHOMEPHO JBIKYLIUECs 3apsabl npoBogumoctu DJIC caMOMHAYKIMU JEHCTBYET Tak ke, Kak
MEXaHUYeCKas Cuja MHEPUUU JCUCTBYIOT Ha HEPABHOMEPHO JBIKYLIYIOCS Maccy, a 3HadeHue DJ[C
HAaXOJUTCS B NPSAMOM 3aBUCUMOCTH OT 3HAUEHUS MHIYKTUBHOCTH, CIIEJIO0BATEIbHO, 3HAUYEHUE
WHIYKTUBHOCTU OTpEENseT MEPy MHEPIHOHHOCTH 3apsiIoB MPOBOIUMOCTA. MOXKHO Hpeanosararsb,
9YTO 3HAYCHHE WHIYKTUBHOCTH L  3aBHCHT OT Macchl 3apsjioB MPOBOJAMMOCTH, HO TaKOe
MIPEINOJIOKEHUE OTIPOBEpraeTcst PakTOM CyHIECTBOBaHMS OMMUIIPHON KaTYIIKH.

NunykuroHHas KaTylika, HaBUTas OJAMHAPHBIM MPOBOJHUKOM, O00JaJaeT OIpe/eieHHbIM (He
HYJEBbIM) 3HAYEHHEM WHIYKTUBHOCTH, a 3HAYCHHE WHIYKTUBHOCTU OUQPWISPHON KaTYyIIKU —
KaTYILIKA HABUTOU TEM K€, HO BIBOE CJIOKEHHBIM IMPOBOJHUKOM — HACTOJILKO OTPAHHYEHHO, YTO ITHUM
3HaYEHUEM, KaK MpPaBHUIIO, MPEHEOPEraloT U MPUHUMAIOT €ro paBHBIM HyI0. BMmecTe ¢ TeM u B 1ienu
KaTyIIK{, HAaBUTOW OJWHAPHBIM TMPOBOJHUKOM, U B IENHU KATYIIKH, HABUTOW TEM K€, HO BJIIBOE
CJIO’)KEHHBIM TMPOBOJHUKOM, COJEPKATCSA OJHHM M T€ K€ 3apspl MPOBOJMMOCTH C UX OJMHAKOBOM
Maccoil. CrniejoBatenbHO, €cii Obl 3HAUEHUE WHIYKTUBHOCTH 3aBUCENIO OT 3HAYEHHS MacChl 3apsiioB
MPOBOJUMOCTH, TO CIOCOO HABUBKM KATYIIKM HE MOT Obl OKazaTh BIUSHUS Ha 3HAUYCHUE
WHAYKTUBHOCTU. OJHAKO 3HAY€HWE WHIYKTHBHOCTU KATYIIKH, HABUTOW OJMHAPHBIM MPOBOIHHUKOM,
MMeeT MHOTOKPAaTHOE MPEBOCXOICTBO HAJl 3HAUYEHUEM UHAYKTUBHOCTH OM(PHUISIPHON KATYIIKH — 3TO H
SBJIIETCS TOJITBEP)KICHHEM TOTO, YTO JJIEKTPHUUECKHE 3apsiabl 00JIaaloT HE3aBUCSIIEH OT MaccChl
WHEPLUOHHOCTBIO.

[Ipu npoTekaHuy TOKa B TOKOMPOBOAAIIEH IIENU KaTYIIIKW, HABUTOW OJWHAPHBIM MTPOBOJHUKOM,
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HABOJIUTCS MAarHUTHOE TOJI€ C ONPEACIICHHBIM 3HAY€HUEM WHIYKIUHU, a UHIYKIUS MAarHUTHOTO IOJI,
HABEJICHHOTO TOKOM OH(WISAPHONW KaTYIIKH, UMEET MPEeHEeOpeKMMO Malioe 3HaueHue. Hamwmuume
MAarHMTHOTO TOJis, KOTOPOE HABEICHO KAaTYyIIKOW, HAaBUTOM OJMHAPHBIM IPOBOJHUKOM, KakK pa3 U
SIBJISIETCS] IPUYMHON MHEPIIMOHHOCTHU 3apsJI0B IIPOBOJUMOCTH.

Nmest B Hanuuuu JBa MOCTOSIHHBIX MAarHuTa, HE COCTABUT TPyJa MPOBECTU OIBITHI, KOTOPHIE
yOKIAIOT B TOM, YTO B pPE3yJIbTaTe B3aUMOJCUCTBUS MArHWTHBIX IIOJICH, MPUHAJICKAIIUX IBYM
MOCTOSTHHBIM ~ MarHuTaM, OSTH MArHUTBl MOTYT M3MEHSTh COCTOSIHUE CBOErO JIBHO)KCHUS.
CrnenoBaTenbHO, KOJMYECTBO KUHETUYECKOW SHEPrUU, 3alMaceHHOM MaccOd JBMIKYILErOCs MarHuTa,
MOXET U3MEHSTHCS B pe3y/ibTaTe B3aMMOJICUCTBUS MAarHUTHBIX MOJIEH. DTO CBHJIETEILCTBYET O TOM,
YTO MAarHUTHOE TOJIC ¥ BEIIECTBO MOTYT HAXOJHUTHCS B COCTOSHHM B3aMMOOOMeHa 3Hepruen. Takoe
COCTOSIHME BO3MO’KHO JIMIIIb B TOM Ciy4ae, KOrJa B MAarHMTHOM TIOJIe 3aKJIFOUEHO OIPEICIICHHOE
KOJIMYECTBO SHEPTUH, U 3Ta JHEPTHSI MOKET MTPEOOPA30BLIBATHCS B APYTUe BUIBI YHCPTHH.

N3menenne koqudecTBa YHEPTUU, KOTOpas 3aKIl0UeHa B KAaKOM-JTMOO MarHWTHOM TIOJie, BCETra
MIPOUCXOJUT B PE3YJITATE BO3MYIIEHHUS, TO €CTh B PE3yJbTaTe JABUKEHUS ITOTO MarHUTHOTO TOJIsI, U
Takoe JIBIDKCHHE COIPOBOXKIAETCS JCHCTBMEM MarHUTHbIX cwi. CHiibl HE MOTYT JOCTHraTh
OeCKOHEYHO OOJIBIINX 3HAYEHUH, a TIepEeMEIIEeHHS, TaKe Ha BeChMa HEOOJIbIITNE PACCTOSIHUS, HE MOTYT
OBITh MTHOBEHHBIMHU. JTO O3HAYAET, YTO KOJUYECTBO DSHEPIUM HE MOXKET H3MEHHUTHCS CKAUKOM.
N3menenuss KoJu4ecTBa JHEPTrUM BO3MOXHBI TOJBKO B TEUYCHHE OMPEICICHHBIX MPOMEXKYTKOB
BPEMEHH, TO €CTh W3MEHEHHUS KOJWUYECTBA DHEPIHMH — OTO MPOIECChl WHEPIMOHHBIE — TPOIECCHI,
COTIPOBOXAEMbIEC ACHCTBUEM CHJI MHEPIMH. B AJIeKTpHUeCKUX IENsIX CUITbI HHEPIIUU MPOSBIISIOTCS B
BUjae JelcTtByromeid B mpoBogHuke OJIC  caMOWHAYKIIMM, YTO CBHUACTEILCTBYET 00
AJIEKTPOMArHUTHOW TIPUPOJIC CHJI WHEPIIUH, EUCTBYIONIUX HA JBMKYIIUECS JIEKTPUUYECKHE TOJS U
CBSI3aHHBIE C HUMH JJICKTPUUECKHE 3apsIbl.

[Ipn pacnpocTpaHeHHM SJICKTPOMArHUTHBIX BOJH TIPOUCXOMAT HEMPEPHIBHBIE B3aWMHbBIC
npeoOpa3oBaHusl JJIEKTPUUECKUX W MArHUTHBIX TMOJIeH. OTH TpeoOpa3oBaHUs COMPOBOKIAIOTCS
MOCTOSIHHBIM B3aMMOOOMEHOM JHEprueil, HakaluiMBaeMOW B OSTUX TOJAX, M, KaK CIEJICTBUE,
nercTBueM cwil uHepiuu. ClrieoBaTenbHO, 603myuieHus eounozo HI-nona, eosnuxarouwjue 6
npoyecce pacnpocmpanenHus 3IJ1eKMpPOMAZHUMHBIX 60JIH, CONPOBONCOAIOMCA Oelicmeuem CuJl
uHepyuu — 3TO TOCIeIHEee U3 TPeX paHee Ha3BaHHBIX CBOMCTB, KOTOPHIMHU JIOJDKHA OOJagaTh cpena
pacpoCTpaHEeHHUsI BOJIH.

Enunoe HD-mome oOnamaer BceMHu CBOWCTBAMH CpEAbl PACIPOCTPAHEHHS BOJIH, TOITOMY
BO3MYILICHHUS, IMOSBUBIIMECS B OrpaHMYEHHOM oO0beme eauHoro HDO-mons, moryr, u OyayT
paclpoCTpaHATbCA Ha CMEXKHbIE C OrpaHMYEHHbIM OOBEeMOM oOjacTu U, mpuodOpeTas BHJ
PacIpOCTPAHSIONIUXCS DJICKTPOMAarHUTHBIX BOJIH, OYAyT yAalsAThCS OT MecTa IepBOHAYaIbHOIO
Bo3myuieHusA.  ClenoBarenbHO,  2jeKmpuueckoe none, copmuposannoe  3Ij1eKmpudecKu
HelmpanbHoIl cocCmagnAuell ecezo umerouiezoca 6o Beenennoit seujecmea, — eounoe H3-none —
A6NAEMCA CPeOoll pacnPOCMPAHEHUs ITIEKMPOMAZHUNHBIX G0JIH.

2.4. chup BecbMa manonoaBUXXeH OTHOCUTENIbHO MOBEPXHOCTU 3eMNnu

Enunoe HO-none — adup — o6nasaeT HEKOTOPhIMU HE YIOMUHABIIMMUCS paHee CBOMCTBaMu,
SIBJISIFOIIMMHUCS. JTOTIOJTHUTEJIBHBIM TOJITBEP)KJICHUEM TOTO, YTO KaK pa3 3TO IOJIe SIBISIETCS CPeaoi
pacnpoCTpaHeHHs MEKTPOMArHUTHBIX BOJH. OTHO U3 CBOMCTB eanHOro HD-mosst He uMeeT mpsiMoro
OTHOIIEHUS] K BOJIHOBBIM IIpOIleccaM, HO 3aBeOMO oOpekaeT omnbIThl Malikenscona — Mopnu Ha
MOJIyYeHHE OTPHUIIATENILFHOTO pe3yabTarta. Paspaboranublii MaiikenscoHOM pubop — HHTEphEepoMeTp
— OBl paccuMTaH Ha OOHapy)KEHHE TaKoW cpeabl, KOTOpas MOJOOHO BETPY, BO3HHKAIOIIEMY B
npolecce JBWKEHHS, «OOMyBaeT» IMOBEPXHOCTh 3eMiH €O CckopocThio 30 km/c (CO CKOPOCTHIO
opburtanbHoro aBwxkeHus 3emnn). OgHako B jAeficTBUTENbHOCTH enuHoe HD-mone obnamaer croib
HE3HAYUTEJIbHOM MOJIBUKHOCTBIO OTHOCHUTENIBHO MOBEPXHOCTH 3€MJIM, UTO JUIs MHTepdepomMeTpa 3Ta
MOJIBUKHOCTb OKa3bIBAETCS HE3aMETHOM.

OueBUIHO, YTO DJIEKTPUYECKUE 3aps]bl, BXOJAIIME B COCTaB 3€MHOI0 BEIECTBA, ABHMIKYTCS
BMecTe ¢ 3emuled, mostoMy 3eMHoe HO-mose Bcerja ocraeTcs HEMOABMKHBIM OTHOCHUTEIBHO
nosepxHoctu 3emun. Ho momumo 3emmu cymectByer eme Connne, Jlyna u Bce ocranbHOE
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BCEJICHCKOE BEIIECTBO — ATH COCTABJISIOIIME OKa3bIBAIOT BJIMSHHE Ha MOJBMXKHOCTH eauHoro HO-
I10JIsI, IPUJIETAIOIIETO K MOBEPXHOCTU 3€MJIU.

[Ipexne yeM mepexoauTh K ONPEACIICHUIO BIMSHHUS BellecTBa BceneHHOW Ha IMOJBHKHOCTb
enuHoro HD-mosisi, mnpuieraromero K TIOBEPXHOCTH 3€MJIM, HEOOXOJMMO BBECTH Mapamerp,
XapaKTepU3 YOI HHTEHCUBHOCT, HI-1o1s1. TOT mapaMeTp MOXHO ObUIO Obl HAa3BaTh IMIOTHOCTHIO
HO-nons, Ho He Oynem u300peTaTh HOBbIE TEPMHHBI, BOCIIOIb3YEMCS YK€ U3BECTHBIMU MOHATUSAMHU.
Hanpsokernocts HO-monist B 11000 €ro TOYke paBHA HYITIO, HO HAMPSDKEHHOCTH JJIEKTPUYCCKOTO
MOJIs, KOTOPOE€ TMPUHAMICKHUT OJHUMH TOJBKO TOJOXKUTEIBHBIMU WJIM OJHUMHU  TOJIBKO
OTPHILIATEIILHBIMU 3aps/IaMH, BXOASIIUMH B COCTaB JIEKTPHUECKU HEHTPAIbHOTO BEIIECTBA B JIFO0OM
TOYKE IPOCTPAHCTBA MMEET BIIOJHE OINpeAereHHOe (OTIMYHOE OT Hyjs) 3HadeHue. Ha ocHoBaHuum
3TOr0 U MPUMEM YCIOBUE, UTO eciu 6 OalbHeluleM MmeKcme HACmoswe Cmamvi 6CMmpemumcs
gvipadicenue «Hanpaxcennocmov HI-nonay, mo noo smum noopasymesaemcs HANPANCEHHOCHb
INEKMPUUECKO20 NOJIAl, KOMOPOE NPUHAOIEHCUN OOHUMU MOJIbKO NONONCUMEIbHBIMU 3aPA0aMU
BXO0SAUUMU 8 COCMAB DTIEKMPUYECKU HEUMPATbHO20 eUecmad.

Obpatumcss k ngaHHbiM npumepa 2. HanpsoxkenHocts HO-monst, cpopmupoBaHHOrO y
MTOBEPXHOCTU 3EMIIM JIEKTPUUECKUMU 3apsIaMH, COAEPKAIUMUCS B JIYHHOM U COJIHEYHOM BEIL[ECTBE
npubmmsurensHo B 296 000 u 1670 pa3 MeHbie HanpsoKeHHOCTH HO-110is, KOTOpoe MpUHAIeKHUT
3apsaM, BXOJSIIMM B COCTaB 3€MHOro BemlectBa. HO-mons, mpuHAUIeKalUe 3JIeKTPUUYECKUM
3apsiaam, BXoasmuM B coctaB JIynsl u CoJHIa, IBUTAsiCh BMECTE C 3TUMU KOCMHUYECKMMH 00bEKTaMU,
OJIHOBPEMEHHO IEPEMENIAIOTCA U OTHOCUTEIIBHO MOBEPXHOCTH 3emuid. OgHako HanpspkeHHoctH HO-
noJiel, TPUHAUIeKAIMX JIYHHOMY M COJHEYHOMY BEIIECTBY, OKa3bIBAlOTCS  HACTOJIbKO
OTpaHUYEHHBIMU Yy TOBEPXHOCTH 3€MJIM B CBOMX 3HAUEHHAX, YTO 3TU MOJS HE MOTYT OKa3aTb
CYIIECTBEHHOTO BJIMSHHSA Ha MOJBHXKHOCTh pe3yibTupyromero HO-mons, xoTtopoe mnpuieraer K
MMOBEPXHOCTH 3e€MJIM B COBMECTHO (popmupyetcs BemecTBoM 3emiu, JIyasr u CosHita.

CpenHss OIEHOYHAs IUIOTHOCTh BemectBa Bcenennoit cocrasmser 7-10% ke/m®, a

551-10° KZ/ M> — 9TO IUIOTHOCTH 36MHOTO BelecTBa. Takoe COOTHOICHUE TUIOTHOCTEH BEIIECTBA, a

COOTBETCTBEHHO W HalpspKeHHocTel HO-moseil, CBUIETENbCTBYET O TOM, YTO BCEJIEHCKOE BEIIECTBO,
Jake ecii Obl BCE €ro COCTABJISIONINE, COXPAHSISl CBOKO CKOPOCTh, IBUTAIMCH B OJJHOM HaIlpaBJICHUH,
HE MOrJ0 ObI OKa3aTh 3aMETHOTO BIMSHMS Ha TOJBIKHOCTH eIuHOTo HD-moss, Haxomsmierocs y
MMOBEPXHOCTH 3eMiid. ITO 03HauaeT, uto Contnye, JIyna u éce ocmanbvHoe 6cenencKoe 6euiecmeo He
Mozym evi3éamb 3amemuou (3aMeTHOW misi wHTepdepoMerpa MaiKenbCOHA) HOOBUMHCHOCHU
eounozo HI-nonsa, npunecarouieco k nogepxnocmu 3emau. BMmecte ¢ TeM B HEKOTOPBIX CIIy4asix B
mporiecce MPOBEACHHS OIBITOB, B KOTOPBIX MCIIOJIb30BaIach ycTaHOBKa Maiikenscona [7], yaaBaioch
(bUKCUpOBaTh HEKYIO TOJBM)XHOCTHh 3HUpa. ITa MOJBIWKHOCTH MOIJIA OBITH PE3YIbTAaTOM BIIUSHUS
Connna u Jlynel, ogHako Bo3MokHOe BiusHuMe CosiHma W JIyHbl HE YYHMTHIBAJIOCH, a SIBJICHHE
MTOJIBMKHOCTH 3(pripa HE MOTYIHIIO 000CHOBAHHBIX OOBSICHEHUH.

2.5. «<HecoBmecTMbIe» cBOMUCTBA 3chMpa nnm coBmeLleHue
HeCoOBMeCTUMOro

Enunnoe HDO-mone ob6namaer nouctuHe (EHOMEHAIbHBIMH CBOMCTBAMH — CBOMCTBaMHU TOTO
TUIIOTETUYECKOT0 3(pupa, B CyIIECTBOBAHMHM KOTOPOIO Majlo KTO COMHEBAJICS /10 mosiBieHus Teopuu
OTHOCHUTEJIBHOCTU. Bech HakOIUIEHHBIH ONBIT yKa3blBaeT Ha TO, 4YTO 3QUp JI0JDKEH o0nazaTh
HECOBMECTHMBIMHM CBOWMCTBaMH. OQuUp HEe [ODKEH OKa3blBaTh COMNPOTUBIICHUS JABHXKYIIEMYCS
BEILIECTBY M, OJHOBPEMEHHO, €T0 YINPYroCTh AOJDKHA COOTBETCTBOBATH YNPYTOCTH YpE3BBIYAITHO
IIpo4yHOro tena. BoT 4ro ckazaHo mo 3tomy nosony B crarbe basunesckoro C. A., Bapuna M. II.
«Ommbka OiHmTelHa» [7]: «3dup, kak HOCUTENb CBeTa, JODKEH o00nagaTh MHOTUMH
YIUBUTEIbHBIMU CBONCTBAMU: C OJHOW CTOPOHBI, OH JIOJDKEH OBITh UYPE3BBIYANHO «TOHKHUMY,
HEBECOMBIM, YTOOBI HE MELIaTh JABWXKEHHIO MUKPOYACTHI] U HEOECHBIX TeJ, C APYroil CTOpPOHBI, OH
JIOJKEH OBITh HEBEPOSITHO <OKECTKMM», YTOOBI IIepe/iaBaTh MOMEPEYHbIC BOJIHBI CBETAa CO CKOPOCTHIO B
COTHH THICSY KWJIIOMETPOB B CEKyHy. Bo3MoskHas A1 Hero yacrora KojeOaHU JOJDKHA OXBAaThIBATh
BECh JIMAIA30H, MPAKTUYECKH OT HyJs A0 MHOIMX TPHIJIHMOHOB (10 B cekyH1y. Ho Bo BTopoit



nosioBuHe XIX Beka Tpynamu Cen-Benana, Penes u CroneroBa ObUIO BBISICHEHO, YTO IMOJOOHBIE
TpeOOBaHUS K BEIICCTBY COBEPIIICHHO HEOOOCHOBAHHBIY.

OnHaKo HECOBMECTHMBIE, KA3A10Ch Obl, CBOMCTBA 3(Hpa MPEKPACHO COCYIIECTBYIOT B €AMHOM
HD-mone. B mpumepe 3 ompenencHo, 4To JBa 3apsijia, BEIMYUHOW MO OJHOMY KYJIOHY KaIbIH,
KOTOpBIC HAXOMATCS B BAaKyyMe WMJIU BO3JyXE, U OTH 3apsjbl pa3feiisieT PacCTOSHUE PAaBHOE OJHOMY
METpY, IMOJBEPXKEHBI CHJIAM B3aUMOJICHCTBUS, paBHBIM CymMMapHOMy Becy Ooiee 150 epyorcenmvix
HCENIE3HOOOPONCHBIX COCMABOG, U ONUHA KAHXCO020 MAKO20 COCMABA Npesvluuaem OOUH KUIOMEmp .
3HaueHUsI CUJI OTPOMHBIC, a BOT OJJMH KYJIOH — 3TO BEChMa HEOOJIBIION 3apsij, TOTOMY KaK B MEIIHOM,
HarmpuMep, Mapuke, objajaromemM oobeMoM Beero 1cem®, comepikurcs 1Ba pasHOMMEHHBIX 3apsna
sHaueHneM 394 400 Kn kaxnerid (mpumep 4). Cuiibl B3aMMOJCHCTBHUS MEXKIY ITHMH 3apsiaMd BO

MHOTHE TPHJLUIMOHBI pa3 MPEBHIIIAIOT T€, YTO OMPEISIICHBI B IpuMepe 3. U 3TH CHIIBI TIPOSIBIISIOTCS CO
BCEUM CBOEH MOJHOTOW, €CIM MOSABIISIIOTCA TaKME BO3MYILECHHS NMPUHAICKAIIETO MEIHOMY IIAPUKY
HD-monsi, xoTopwie cTpemsiTCs pa3AeiuTh 3TO TOJIe Ha JBE €ro COCTaBIAIOIINE — pa3aeiuTh
pPa3HOUMEHHBIE 3apsi/ibl, COJEPIKAIINECS B COCTABE IIapHKa.

Pabora mepemaromux W TPHEMHBIX PATUOAHTEHH COTPOBOXKIACTCS NPOTEKAHWEM B HHX
MEPEMEHHBIX JJICKTPUICCKUX TOKOB, U KaK CIICJACTBUEC HAKOILICHUEM PAa3HOMMEHHBIX JICKTPHUSCKHIX
3apsJIOB B PA3IUYHBIX YACTAX 3TUX aHTEHH. DTO O3HA4aeT, yTo (OPMHUPOBAHHUE M PACIIPOCTPAHECHUE
AJIEKTPOMArHUTHBIX BOJH COIPOBOXIACTCS TAKMMH BO3MYIICHUSAMHU eAMHOro HD-mossi, KoTopkie
CTPEMSTCSl pPa3[ACUTh OSTO TIOJE€ HAa JBE €ro COCTaBJSIONIME. 10 €CTh MpPU PacIpOCTPAHCHHUH
JJICKTPOMArHUTHBIX BOJH AKTUBH3UPYIOTCS T€ CHJIBI, 3HAYCHHE KOTOPHIX OBLIO OIPEICiICHO B
nporiecce pemieHus npumepa 3, npumepa 4. OIHAKO B 3THX IpUMEpPax paccMaTpUBAIUCh BeChMa
OTpPaHWYCHHBIC B CBOMX 3HAYCHUAX 3apsbl — 3apsil BEJIMYNHOM OJTMH KYJIOH U 3apsiibl, COAepIKaIInecs
B MEJHOM IIIapuke, 00beM KOTOPOTO PAaBeH OJHOMY CAaHTHMETPY KyOmdeckoMy. Ecim e yduThIBaTh
3apsJibl, BXOJSIINE B 00BEMBI 3B€3]1 M TUIAHET, TO OKAXETCS, YTO HE TOJHKO BOJM3M MACCHUBHBIX TEII,
HO M B MEX3BE3/THOM, MEKTATAKTHIECKOM MPOCTPAHCTBE — B JIFOOOM TOuke 0003pumMoii Beenennoit —
enuHoe HD-mone mposiBiser cels, no omHowieHuro K 31eKMPOMAZHUMHBIM 60JIHAM, KAaK Cpena,
o0Jagaronias OrpOMHBIM 3HaYeHUEM KOA(D(UIIMEHTA )KECTKOCTH.

[lox BiMsAHHMEM T'PaBUTALMOHHBIX CHJI (POPMUPYIOTCS TPAEKTOPHUH IUIAHET, 3BE3Jl, TaJaKTUK U
BCETO OCTAJIbHOTO BCEJICHCKOTO BEIIECTBAa, YTO CBHUJAETEILCTBYET 00 OrpPOMHOM 3HA4YE€HUU
NeUCTBYIOUIMX IPAaBUTALIMOHHBIX CUJI. BMecTe ¢ TeM 3eKTpuyecKue CHIIbl, JeHCTBYIOMINE B €AMHOM
HD-none, nmpeBocxomaT B CBOEM 3HAYCHHUH T'PABUTAIIMOHHBIC CHIIBI 00JIee YeM B 10% pa3 (mpumep 1).
OTO0 ABIIFETCS €llle OAHUM MOJATBEP)KIEHUEM TOro, YTO B JIIO0OW TOYKe mpocTpaHcTBa efauHoe HO-
0JIe TPOSIBJIAET ce0sl, O OTHOLIEHUIO K PAaCHpPOCTPAHSIOMIMMCS SJIEKTPOMArHUTHBIM BOJHAM, Kak
TBEpOE TEJO, KOTOpOe 00J1aaeT BeCbMa BHICOKMM 3HaU€HUEM KOIPPHUIIEHTOM KECTKOCTH.

JIBa »NeKTpUYECKH HEUTpallbHBIX 00paslia BellecTBa BCTYMAIOT BO B3aUMOJCHCTBHE MEXAY
co0oOlf MOCPEeNCTBOM MPUHAICKAMUX d3TUM obOpasmam HO-moneit. OnpHako B mporecce
B3aMMO/ICHCTBUS CUJIBI AJIEKTPUUECKUX IMOJIeH, TPUHAIIeKAIINUX [TOJI0KUTEIBHBIM 3apsigaM, KOTOpbIe
BXOJIAIT B COCTaBbl OOpa3lOB BEIIECTBA, YPABHOBEIICHHBI CHJIAMH JJIEKTPUYECKHUX IMOJIEH,
MpUHAUISKAIIUX OTpULATENIbHBIM 3apsanam. ClenoBaTelbHO, 3HAYEHHE pPE3YIbTHPYIOMIMX CHII
B3aUMO/ICHCTBUS, MOJ BIMSHUEM KOTOPBIX HaXOIsATcsi 00a paccMmarpuBaeMbIX oOpaslia BeEIlecTBa,
paBHBI HYJIIO. DTO O3HAYAET, UTO JBUXKYIIEECS AIIEKTPUUECKH HEHTPaTIbHOE BEIECTBO U CBSI3aHHOE C
HuM HD-mone He OyAeT UCHBITHIBATH HUKAKOTO MPOTHUBOJCHCTBHUS CBOEMY IBUKEHHIO CO CTOPOHBI
HD-nonelt, npuHaanexamux 100bIM APpYyruM oOpasiam BemiectBa. CiieqoBaTeNbHO, HO OMHOULICHUIO
K_DACnPOCHMPAHAIWUMCA I]IEKIMPOMAZHUMHbIM_801HaM, edunoe HI-none nposgnsem ceds, Kak
gecoMa_ JicecmKas __ynpy2as_ cpedd, a N0 __OMHOWEHUI) K __O0BUICYULEMYCA  IJIEKMPUUECKU
HeumpaibHOMY 6euiecmey — KaK cpeda ¢ Hy1e6bim 3HaYeHuem KoIdpuuuenma eazxocmu.

[Tomyuaercst Tak, UTO «HECOBMECTHMBIE» CBONCTBA THIIOTETUYECKOTO A(uUpa: ero HeoOblvaliHas
KECTKOCTh W OJIHOBPEMEHHO HylleBas BSI3KOCTh, OKa3aJMCh NpuUCylld eaunHoMy HD-momo. 3t1o
SIBJIIETCS BEChbMa BECOMBIM apTyYMEHTOM B TOJIb3Y TOTO, YTO C8€MOHOCHBLIL Ihup u edunoe HI-none
— 9MO 00HA U MA JHce PeanbHO CYWECmEYIOu|an MamepuaibHan cpeoa.




2.6. OwnbKM Hapo ncnpaBnATb

[IpoBo/sE CBOM ONBITHI, YYEHBIE HE MOTJIM OOHAPYKUTh PEATBbHO CYIIECTBYIOUIYIO cpeny — 3up,
pOJIb KOTOPOTO YCHEWHO ucnojHsieT eauHoe HO-none. Bmecrte ¢ Tem pe3ynbTaThl ONBITOB
MaiikenbcoHa — Mopiau SIBUIMCh OCHOBAaHMEM Ui (POPMYIMPOBKH MOCTYJIaTa, B COOTBETCTBHE C
KOTOPBIM 3JIEKTPOMAarHUTHBIE BOJHBI PACHPOCTPAHSIOTCS BHE BCAKOW CpEeAbl U C HE3aBUCUMOM OT
BBIODAaHHOW WHEPUMAIBHOW CHCTEMBI OTCYETa CKOpPOCThIO. Eciam pe3ynbTaThl ONBITOB HE
COOTBETCTBYIOT  HAOJIOJaeMbIM  TNPUPOJHBIM  SIBIEHUSIM, TO M  COJEpXaHHE [OCTYJaTa,
c(OpPMYIIMPOBAHHOTO Ha OCHOBAaHHMM TaKHUX PE3YyJbTATOB, W pa3paboTaHHas OiHIITeHHOM Teopus
OTHOCUTEJILHOCTH, B OCHOBY KOTOPOM I0JIOKEH ATOT MOCTYJIaT, HE MOKET COOTBETCTBOBATH 3aKOHAM
[Ipupons!.

[lonarasice Ha Bce BbIIIE M3JI0KEHHOE MOXHO YTBEPXKIaTh, YTO HAONIOAATENb, JBUKYIIUNCS
OTHOCUTENbHO enuHoro HO-mosid, To ecTh ABWXKYLIUICS OTHOCUTENIBHO 3(Upa, OJHOBPEMEHHO
MEepPEMEIAETCS] 1 OTHOCUTENBHO BCAKUX BO3MYIIEHUH 3(pupa. ITO 03HAYAET, UTO COAEPKAHUE BTOPOTO
MoCTysata DUHIITENHHA SIBISIETCS MPOU3BOJIBHO HAaAyMaHHBIM U OIIMOOYHBIM, a CKOPOCHb céema —
CKOpOCMb  PACRPOCHMPAHEHUA  IIeKMPOMAZHUMHBIX  60JIH — 3AGUCUmM  Om  GbIOPAHHOI
UHEPUUAIbHOU CUCMeMbl Omcyema U HNOOYUHACMCA KIACCUYECKUM 3AKOHAM CIOJHCEHUA
CKopocmeil.

HanpammuBaercss Bompoc: a He Mopa JIM BOCCTAaHOBUTH BO BCEX CBOUX IpaBax KJacCHUYECKUE
3aKOHBI (PU3HUKHU, B MCTAHHOCTH KOTOPBIX Majio KTO comHeBasics 0 1881 roma?

CpenHeBeKOBbE HA3bIBAIOT 3pOW alxuMuu, a XX BEK B HelalekoMm OyIylieM MOTyT Ha3BaTh
BEKOM aJI(pU3UKH, U OCHOBHBIE «3aCIYru» B 3TOM OyayT OTHECEHBI Ha CUeT Teoprur OTHOCUTENHHOCTH.
OpHako amxuMusi, IpU Bcel ee OMIMOOYHOCTH, B KaKOH-TO Mepe CIIOCOOCTBOBAJIa PAa3BUTHUIO XUMUU
KaK Hayku, a TeopHsi OTHOCUTEIBHOCTH OTOpocHiIa PU3UKY K JOTAIMIEEeBCKUM BPEMEHAM, U HUUYETro
He Jnana B3aMeH. BoT 4To mo 3ToMy mMOBOAYy cKa3aHO B crathe akagemuka PAEH mpodeccopa
B. A. AutokoBckoro «bieck v HUIETa TEOPUU OTHOCUTEIILHOCTH DWHIITEHA» [8]: «CeronHs HET B
Mupe Oojiee PEaKIMOHHOW M JDKMBOM TEOpWH, 4eM Teopwsi OTHOCUTENTBbHOCTH OWHmTeHa. OHa
OecruiofHa U He ciocoOHa JaTh YTO-TM00 MPUKIIQTHIKAM, KOTOPBIM HEOOXOMMO peliaTh Ha3peBIIHe
3amaun. Ee mocienoBaTeny HE CTECHAIOTCS HM B 4YE€M, BKJIIOYAs U NPUMEHEHUE aIMUHHCTPATUBHBIX
Mep MPOTUB CBOMX MPOTUBHHKOB. Ho Bpemsd, oTmymieHHOE HcTOpHel 3Toi «Teopum» HCTEKIO.
[InoTnHa pendaTHBU3Ma, BO3JIBUTHYTAas Ha IYTH pa3BUTUSA €CTECTBO3HAHUS 3aWHTEPECOBAHHBIMH
JUIAMH, TPEUIUT MOJ HamopoM (PaKTOB M HOBBIX MPUKIAIHBIX 33]ad, U OHA HEU30EKHO PYXHET.
Teopuss OTHOCHTEIIBHOCTH ODWHINTEHHAa oOpedeHa M OyneT BHIOpOIIEHA Ha CBAIKY B OyrKauiiem

Oyymem.

2.7. Hannume achmpa noaTBepaAT 3KCNEPUMEHTHI

O4eBHIHO, YTO TOJBKO PE3YIbTAThl OMBITOB MOTYT OKOHYATENBbHO YOEAUTH HAaC B TOM, 4YTO
enuHoe HDO-mone sBnsiercss apuUpoM — Cpeloil pachpoCTpaHEHUs SIEKTPOMArHUTHBIX BOJH. BoT u
MPUCTYIUM K PACCMOTPEHHUIO BO3MOXKHBIX OTIBITOB, TIO3BOJISIOIIUX 0OHAPYKHUTH 3up.

OnpIT ¢ KaMyIIKOM 3HaKOM BCEM, OTOMY KaK 3TOT OMBIT SBJSETCS OJHOM M3 NETCKUX 3a0aB.
[Tnockuii kamyiiek, OpOIICHHBIN MapajieNbHO CHOKOWHON BOJHOW MOBEPXHOCTH, HAXOIHUTCS MOJ
JNEMCTBUEM CHJI TSDKECTH, IOITOMY TPAEKTOPHsI KaMyIIKa OKa3blBAE€TCSI TAKOW, YTO OH, MHOTOKPATHO
yIapsisicb O BOJAHYIO TJa/ib U MOJNPBITUBAsi, OyJeT IBUraThCS 10 TEX IOpP, MOKA HE yTPATUT CBOIO
cKkopocTh. Kaxkoe CONMpUKOCHOBEHHE KaMYIKa ¢ BOJHOW MOBEPXHOCTHIO MPUBOAUT K IMOSBICHHUIO
BOJIH Ha MOBEPXHOCTH BOJibl. CKOPOCTh PAaCcHpOCTPaHEHUsS! BOJIH OJMHAKOBA BO BCEX HAIPaBIICHUSX,
MIO3TOMY BOJIHBI 00pa3yloT pacXoAslIvecs OKPYXKHOCTH, LIEHTPbl KOTOPHIX COBMAJAlOT C TOYKAMH
CONPUKOCHOBEHUSI KaMyIlIKa C BOJHOM MOBEPXHOCTHIO. Takas (hopMa BOJIH CBUAETEIBCTBYET O TOM,
YTO CKOPOCTh DPACHpPOCTPAHEHUs BOJIH HUKOMM OOpa3oM HE 3aBUCUT HU OT CKOPOCTH, HU OT
HampaBJCHUs JABWKEHHMS KaMylIKa, SBISIOLIETOCs HCTOYHUKOM BOJIH. Ckopocmb 6onn eceyeno
3aeucum om ocodennocmeii moit cpeovl, 8 KOMOPOI IMu 60AHbL PACRPOCMPAHAIOMCA .

WHorma BBICKA3bIBAIOTCSI MHEHHMsSI O HEOOXOJIMMOCTH TPOBEACHHUS OIBITOB MaiikenbcoHa —
Mopnu B yCNOBHSX, KOTJIa UCTOYHHMK CBETa JBMXKETCS OTHOCUTENbHO HHTepdepomerpa. OmbIT C
KaMyIIIKOM CBHJIETENILCTBYET O TOM, YTO PE3yJbTaThl ONBITOB MalikeiabcoHa — Mop:iu, MPOBOIUMBIX €
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JBIDKYIIUMCST HCTOYHMKOM CBETa, HE OYAyT OTJIMYAThCA OT pPE3YyJIbTAaTOB OIBITOB, KOTOpBIC
IIPOBOJWIINCH C HETIOABM)KHBIM UICTOYHUKOM CBETA.

OnpIT ¢ KaMYIIKOM MOKHO ITOBTOPUTH HA BOJHOMN NMOBEPXHOCTHU IJIABHO JABMXKYILETOCSI BOJHOTO
noToKa. Takol OMBIT MO3BOJSAET BU3YaIbHO HAOMIOAATh, KAK KPYI'H PACXOSIINXCS BOJIH YBICKAIOTCS
JOBUKYIIMMCST BOJHBIM IOTOKOM. CrenoBaTenbHO, pe3yibTaThl onblToB Maiikenbcona — Mopiau
OKQXYTCSl TOJOKUTEIBHBIMH, €CIH 3(PHUp MEepPeMEeIIaeTcsi OTHOCHUTENBHO HWHTephepoMeTpa WM
UHTEpPEPOMETp MBHKETCSI OTHOCHTENBbHO 3(hupa (Ha 3T0 W OBLT paccuuTaH uHTEphepomeTp
MaiikenbcoHa).

OmneiTel MaiikenbcoHa — Mopiu 1enecoodpazHo npoBoauTh B ycioBusx Kocmoca. B Takux
YCTIOBHSIX MOJKHO M30€XKaTh HEAOMYCTHMBIX BHOpaunuii WHTEpPEpOMeTpa, CBS3aHHBIX C €ro
IBMKEHUEM OTHOCUTENBHO 3¢dupa. [Ipu 3ToM ycTaHOBKY Maiikenscona — HHTEppEepoMeTp, YIUTHIBaAs
cneuupuky Kocmoca, MOXHO yCOBEpUICHCTBOBaTh, M TOTAa CKOPOCTH, KOTOPBIX JIOCTUTAIOT
COBPEMEHHbIE KOCMUYECKUE anmapaThl, OyayT 0ojiee 4eM 10CTaTOYHBIMU JJISl YCHEIIHOTO MTPOBEIEHUS
OTBITOB. YCOBEPIIEHCTBOBAHNE MOKET COCTOATH B TOM, YTO JUIMHY IUI€Y MHTEpPEepoMeTpa MOKHO
YBEJIMYUTh, @ BMECTO MEPUOANUYECKUX TOBOPOTOB MHTEP(HEPOMETpa, €r0 MOKHO BBECTH B COCTOSTHUM
HENpPEPBIBHOIO BpaIleHUs, MPOUCXOIIEr0 C 3apaHee 3a/JlaHHOM CKOpOCThI0 M B Haubolee
OnaronpusTHON Miockoctu. HempepsiBHOE BpalieHue uHTepdepoMerpa NO3BOIUT M30€XKaTh BEChbMa
HeXXeJlaTeNbHBIX BUOpalHii, COMPOBOXKAAIOIINX TEPHOINIECKIE IOBOPOTHI HHTEPPEPOMETpA.

B Kocmoce MOXHO NpoBecTM HE TOIBKO OMNBITBI MalikenbcoHa — Mopiau, HO U OIBITHI IO
U3MEpEHUI0 cKopocTu cBeTa. CKOpPOCTh CBETa, U3MEPEHHAs B YCIIOBUAX KOCMUYECKON CTaHIMH, OyeT
3aBUCETh OT MacChl, CKOPOCTH, HAIPaBICHUH BHKEHHS U B3aUMHOTO PACIIOJIOKEHUS TAaKUX O0BEKTOB
Kak cama crannus, 3emitsi, Comuue, JlyHa u apyrue, pacnoJioKeHHbIe BOJIW3U CTaHIIMH MAaCCHUBHBIE
Tena (BOnu3M — no Mepkam Kocmoca). A 3HaueHue CKOpoCcTH cBeTa OyJeT 3aBUCETh OT HaIlpaBJICHUS U
CKOpPOCTH JIBUKEHHUSI CTAHIIMU U MOXET oka3zaThcs kak menbline 300 000 wn/ ¢, Tak U OOJIBbIIE TOrO

3HAYCHUs. YCTaHOBKA, M3MEPSIONIas CKOPOCTh CBETA, OJDKHA YYUTHIBATH TOJBKO OJIHOCTOPOHHUIA
XOJ CBETOBOTO HMMITYJIbca. ECITM y4MTHIBaTH TMPSMOW M OOpATHBIN XOJ MMITYJIbCa WIIM KaKyO-ITHOO
JPYTyI0 3aMKHYTYIO TPACKTOPHUIO UMITYJIbCA, TO PE3YIbTAThl U3MEPEHUN OKAXKYTCS OTPUIATCITLHBIMH.

Omnako KocMoc — 310 maneko, Toporo U He BCEM JOCTYITHO, TIOATOMY Oy/ieM IojaraTbCs U Ha
0oyiee TIPOCTHIE OIBITHL, KOTOPHIE HANpaBJICHBl HA WCCIeNOBaHHs 3(upa, MPOBOIATCS B 3E€MHBIX
YCTIOBHSIX U HE TPEOYIOT CTOJIb CJIOXKHBIX YCTPOMCTB, KaKUM sIBIIsieTcs HHTEpdepoMeTp Maiikenbcona
Wi 000pyIOBaHUE IUTSI U3MEPEHHUs CKOPOCTH CBeTa. MOXKHO IMPOBECTH OTBITHI 10 PErHCTPALUH
MarHWTHOTO TIOJIS, HABEJCHHOTO JBIDKYIIMMHUCS DSJICKTPUYCCKUMU 3apsaaMu. Pe3yiabTaThl TaKuX
OTIBITOB OYAYT CBHJICTEIHCTBOBATH O HAJIMYUU CPEbl PACIIPOCTPAaHEHHSI JICKTPOMAarHUTHBIX BOJH — O
HaJU4IuH dpupa.

Ecnu snexTpudeckuid 3apsii HETOABMKEH OTHOCUTEIFHO MOBEPXHOCTH 3€MJIH, TO OH HE HABOIUT
MAarHuTHOTO TOJISI, XOTsS M IHEepeMeNIaeTcs pu 3ToM co ckopocteio 30 km/c BMecTe ¢ 3emiieii B

mpounecce € 0p6I/ITaJ'II>HOFO JABWXKCHUS. Tot xe SHCKTpI/I‘IeCKI/Iﬁ 3aps, ,I[BH)KyquﬁCﬂ OTHOCHUTCJIIBHO
IIOBCPXHOCTHU 3CMJ'II/I, HAaBOJWUT MAriHUTHOC I1I0JIC — 3TO U ABJIACTCA IOATBCPIKACHUCM HAJIUYHA 3(1)1/1pa.
Enunoe HD-mone O6J'Ia,[[aeT npeHe6pe>KHMo Majon MNOABUXHOCTBIO OTHOCHUTCIBHO ITOBCPXHOCTH
36MJII/I, MMO3TOMY IIOKa 3apsA HENMOABUKCH OTHOCHUTCIIBHO 3CMJ'II/I, OH HCIIOABHMXCH N OTHOCHTCIIBHO
CAUHOI'O HO-mong. Ecmm  xe 3apiad ABHIKCTCSA OTHOCHUTCIBHO ITIOBEPXHOCTHU 3CMJ'II/I, TO OH
OJHOBPCMCHHO IICPCMCHIACTCA WM OTHOCHUTCIBbHO C€AWHOI'O H9'HOJ’I${, HaBOJA IIPH OTOM MAr"HuTHOC
I1I0JIC. CJ'ICI[OB&TCJ'IBHO, COrJIaCMBIIUCHh C HAJIMYHUEM 3(1)I/Ipa, POJIb KOTOPOI'0 HUCHOJHACT CANMHOC HO-
II0JIC, Mbl CMOXCM OTBCTHTBH Ha Hep&BpeHH/IMHﬁ A0 3TOro BOIPOC: MOYEMY JIBa OJAHOMMCHHBIX
QJICKTPUYCCKHUX 3apdala ABUKYIIUXCA C OJIMHAKOBOM CKOPOCTBHIO U B OTHOM HAIIPpABJICHUH, a IIOOTOMY
HCTMIOABWIKHBIX APYI' OTHOCUTCIIBHO ApYyra, HAXOOATCS MO JENCTBUEM CHJI B3aMMHOIO HpI/ITH)KeHI/IH?
HcToYHHKOM CHII B3aHMMHOTO IMPUTAKCHUA SBJIAIOTCA MAIrHUTHBIC T10JI, HABOAWMBIC 3apdalaMUu U
SABJIIFOINUECH PE3YJIBTATOM ABUXKCHUS OTUX 3apAJ0B OTHOCUTCIIBHO €IUMHOI'O H3-nons.

MoxHO co34aTh ycioBus, IMpU KOTOPBIX SHGKTpI/ILIeCKI/Iﬁ 3apsAaa ABHIKETCSA BMECTC C
Ha6J'IIO,Z[aTeJ'ICM OTHOCHUTCIIBHO C€IOMHOI'O H9-HOH}I, TO €CTb IABHIKXCTCA OTHOCHUTCIIBHO IMOBCPXHOCTU
3eMJII/I, Ipu 3TOM 3apsja U HaGJ’IIO)IaTeJ'IL OCTAar0TCd HCHIOABWKXHBIMHU APYI' OTHOCUTCIIBHO Apyra. B
9TOM cJiy4ac Ha6J'IIO,Z[aTeJ'IL, ,Z[BH)KyLLIHf/'ICH BMECTC C 3apsAa0M OTHOCHUTCIBHO IOBCPXHOCTHU 3CMJ'II/I,
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Oy/IeT perucTpupoBaTh TAKOE K€ MarHUTHOE I10JIE, KAKOE PETHCTPUPYET HENOIBUKHBII OTHOCHTEIBHO
MIOBEPXHOCTU 3eMiM HaOmonaTenb. Takue pe3yabTaThl MOYKHO IBITAThCA OTPHULATh, U YTBEPKAATh,
YTO IapaMeTpbl HAaBEJACHHOI'O MAarHUTHOIO I0JIA BCELEJO 3aBUCAT OT CKOPOCTH JBM)KEHHUS 3apsia
omuocumensno Habmonatens. OpHako HE 3a OOHMM 3apsiioM, a 3a Mapod JABIKYIIHUXCS
ANIEKTPUYECKUX 3apsAI0B MOXKET CIEAUTh JECATKH W COTHH HaOmoAaresned, HaxXOAALIUXCS B
pa3IMyYHbIX HMHEPLHMANBHBIX cucTeMax orcuera. WM yro xe? [lapameTpbl HaBEJIEHHBIX MAarHUTHBIX
I0JIEH, @ COOTBETCTBEHHO U CUJIbI B3aUMOJICHCTBUS MEXAY 3apsaamMu, OyAyT 3aBUCETh OT BhIOpaHHOMN
HaOro[aTeNIeM WHEPIHATbHON cucTeMbl orcdera? Ecim Obl 3TO OBUIO Tak, TO W 3HAYCHHS CHJI
B3aMMO/ICHCTBHSI, TOJ BIIMSHUEM KOTOPBIX OKAa3bIBAIOTCSA 3apsi/ibl, 3aBHCENH OBl OT BBIOPAHHOM
WHEpIHUAIBHOW cucTeMbl oTcyera. OJHAKO Ha CKOPOCTh JBWKCHHS 3apsgoB M Ha (opMy HX
TPAaCKTOPUN OKa3blBAIOT BIMSHHUE CWIbl B3aUMOJEMCTBUS OSTUX 3apsSA0B, IOATOMY KaXKIbIH
HaOroaTeNlb  JIOJDKEH PETUCTPUPOBATH TPACKTOPHM  3apsiioB, KOTOpPhIE HE COBMAJAIOT C
aHAJIOTUYHBIMU TPAEKTOPUSIMHU, 3a(DUKCUPOBAHHBIMU JAPYrUMHU HaOmonaTenssMu. To ecTb TpaeKTOpUH
U CKOPOCTH OJIHUX U T€X € 3apsiI0B, PETUCTPUPYEMbIE OJTHUM KaKUM-I100 HalmoaTenemM, He OyayT
COBIA/aTh C AHAJOTMYHBIMH TPAEKTOPUSIMU M CKOPOCTSIMH, (PUKCUPYEMBIMH BCEMH OCTaJIbHBIMHU
HaOMoaTeNsIMU, U BCE 3TO OyJIeT pEerucTpUpoBaTHCA MPU OOBIYHBIX, AAJEKUX OT CKOPOCTH CBETa,
ckopocTsx. [Ipu 3ToM Tak BecTu cedst JOKHBI Obl HE TOJBKO 3JIEMEHTApHbIE 3apsjbl, a U MaKpOTena,
oOnanarolue N30bITOUHBIMH JIEKTpUUECKUMU 3apaaamu. C 01HOIM CTOPOHBI — 3TO abcyp/, a ¢ Ipyroiu
CTOPOHBI — 3TO «MATEMaTUYECKH JI0Ka3yeMO).

CdopmynupoBaB moctynaT IpOU3BOIBHOIO, HO MOJIXOSIIET0 /ISl JaHHOTO CIydasi CoJepKaHus,
U TOJb3YACh JOCTH)KEHHUSIMU COBPEMEHHOM MaTeMaTHKH, MOKHO JO0Ka3aTh, YTO OJHO M TOXE
MakpoTesno, obianaroiiee U30bITOYHBIM NMEKTPUUYECKUM 3apsSIOM MOXKET OJIHOBPEMEHHO HAaXOJSATCS
BO MHOXECTBE pa3jIMYHBIX TOYEK, U B OJHO M TOXKE BpPEMS MOXKET IBUTaTbCcs C MHOXXECTBOM
pasIuuHBIX cKopocTed. Takol pe3ynbTar He OyAeT CIeICTBHEM MOPOKOB MaTeMaTHKA. MareMaTuka
HayKa TOYHasi: KaKOBbI HaYaJIbHbIE YCJIOBUS (KAKOB MOCTYJAT) — TAKOB U KOHEYHBIH MaTeMaTHYEeCKH
pe3ynbrar. OHAKO He JIydllle JIU IPOBECTH ONBITHl U YOEAUTHCS B TOM, UTO MapaMeTpbl HaBEJICHHOTO
MarHUTHOTO MOJI BCELEIO 3aBHCAT OT CKOPOCTU JBMXKEHUS SJIEKTPHUUECKOrO 3apsiia OTHOCHTEJIBHO
enuHoro HDO-nons, 1 HUKOMM 00pa3oM He 3aBHCAT OT CKOPOCTH HaOMIoaTessi, HaXOJAIIErocss Ha
MIOBEPXHOCTH KAaKOro-HUOyIb acTepouja, IMPOHOCSHIIErocss ¢ OTPOMHOH CKOPOCTBIO MHMO
noBepxHocTH 3emiuu. He Hafo mpuyMbIBaTh MOCTYJIaThl IPOU3BOJIBHOTO COJIEPKAHUS U YTBEPXKaTh,
4TO «TEOPUsD», TOCTPOEHHAsI HA OCHOBAHUH TAKOT'O MOCTYJaTa, IOATBEPKAACTCI MAaTEMATUKOM.

[lapameTpel HaBelIEHHBIX MAarHUTHBIX IIOJIEH BCELENO 3aBUCAT OT CKOPOCTU IEpPEeMELICHMS
NIEKTPUUYECKUX 3apsAJI0B OTHOCUTEIBHO e€AuHOro HD-mosisd, a caMu MarHuTHbIE IMOJSA — 3TO HE YTO
MHOE, KaK BO3MYILEHUS eAuHoro HD-moss, BhI3BaHHBIE JIBIOKYLUMCS B 3TOM II0JI€ 3JIEKTPUUECKUM
3apsioM. To ecTh MarHUTHOE MOJIE — 3TO CBOEOOpa3HbIE COBMECTHBIE «3aBUXpEHUs» eauHoro HO-
I0JISL M AJIEKTPUUYECKOTO HOJIs, TPUHAJICKALIETO JBIKYLIEMYCS 3apsy.

2.8. HeobxoaumocTb AanbHenwero uccnegoBaHusa acupa

He moxeT BbI3bIBaTH COMHEHHS TO, 4TOo HO-mone — 3TO HemaxaHoe TMoJie, BO3JCNbIBAHUE
KOTOPOTO MOKET MPHUHECTH HEIUIOXOW ypOo’Kail HayuHBIX OTKPBITHUH U U300peTeHuil. B3saTh X0TsS Obl
TOT (paKT, YTO DIEKTPHUUECKas HaIMpsHKEHHOCTh HD-mons, B HEKOTOPOW €ro TO4YKe, HAaXOJIUTCS B
oOpaTHOM KBaJIpaTUYHOW 3aBHUCHMOCTH OT PACCTOSHUS, Pa3JENSIONIer0 YKa3aHHYI TOUYKY U
JIIEKTPUYECKH HEUTpanbHOE Telo, KOTOpOMY TPUHAIICKUT paccmaTpuBaemoe HDO-more.
CrnenoBarenbHo, equHoe HO-mone — adup — 3T0 cpena, HEOAHOPOTHOCTh KOTOPOH ompenensercs
HEPaBHOMEPHOCTBIO  paclpezesieHuss  BemlectBa  BceneHHol.  CKOpOCTh  paclpoOCTpaHEHUs
ANIEKTPOMArHUTHBIX BOJIH 3aBUCUT OT JJIEKTpUueckol HanpsskeHHoctn HO-mons. K tomy xe
obnactsim BceneHHOW, B KOTOPBIX COCPENOTOYEHO BEIIECTBO (IIJIAHETHI, 3BE3[bl, TalaKTUKU) WU
BEII[ECTBO OTCYTCTBYET (MEXKTaTaKTHUECKOE, MEXK3BE3/IHOE MTPOCTPAHCTBO) MPUHAATIEKAT ONTUYECKHE
TUH3BL. B CBS3U ¢ 3TUM BO3HUKAET BOMPOC: HACTOJIBKO MPABUIBHO BOCIPHHUMAEM MbI HHPOPMAIHIO O
Bcenennoii, kotopasi TOHOCUTCSI HaM 3JE€KTPOMArHUTHBIMU BoJIHaMHu? ToO ecTh CylIecTBYET BOIPOC:
HACTOJILKO COOTBETCTBYET JIEHCTBUTEILHOCTH HabIrogaemas HaMHu KapTuHa Bcenennoi? Bo3moxxHO
«KpacHOE CMEIIeHUEe» U «B3phIBatoiascs BeenenHnas» — 3To He OoJiee 4eM ONTUYECKHT 0OMaH.
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Jlo 3TOro MOMEHTa HEe YMOTPEOISIOCh CIIOBOCOYETAHUE <«OAICKTPOMaAzHumHoe toney. M 3to
JIeNanoch MpeIHaMEPEHHO, TOTOMY, KaK, 0 OOJIBIIIOMY CYETY, HUKAKOTO MarHUTHOTO TIOJISA, TI0 CYTH
TO U HET, eCTh crokoitHoe HD-none u Bo3amyiennoe HI-mose, HO 3T0 HE UMEET HUKAKOTO 3HAYCHMUS,
HaM BelIb HUKTO HE 3ampemaer Bo3MylleHHOe HD-mosne Ha3plBaTh MarHUTHBIM MojieM. boree
HACYITHOW 3a/Ja4yeil sBISIeTCS HEOOXOIMMOCTh Pa300paThcs BO BCEX OCOOCHHOCTSX, CBS3aHHBIX C
Bo3mytneHussMu HO-mosiss. HadaB pa3dupaThcs B pa3HOOOpa3HsIX M TOHKOCTSIX BO3MYIIICHHHA €IHHOTO
HD-mosist, ™Mbl OOHapyXuM, 4YTO MHOTHE HEOOBSICHHMBIC [0 TIOCICIHETO0 BpPEMEHU SIBJIICHUS,
MTOIYUHSIOTCS JICTKO JOCTYITHBIM JUTSI IOHUMAHWUS 3aKOHAM.

Camas cnoxkHas 3aja4a, pEHICHHEe KOTOPOH TMO3BONMIO OBl  co3aath AP QGEKTHBHBIN
TEPMOSIICPHBIN PEaKTOP — ITO yIAepKaHUE TUIA3Mbl B 33IaHHOM pabodyeM o0beMe. Y aepKaHHE MIa3Mbl
OCYIIIECTBIISICTCSI C MOMOIIBI0O MAarHUTHBIX TIOJIEH, W €CIM JO0 HACTOSIIEr0 BpPEMEHH HE CO37aHa
HaJCKHAS JIOBYIIKA JUISA TUIa3Mbl, TO NMPUYMHON TOMY MOJXKET SIBJISATHCS HE JO KOHIA IMO3HAHHAS
MIPUPO/1a MAarHUTHBIX MOJIeH, (POPMHUPOBAHHE KOTOPBIX BCET/Ia IIPOUCXOINT B Pe3yiabTaTe BO3MYIICHUH
equHoTo HO-mmoms.

Her otBera m Ha Takod BOMPOC, a HE TOSBATCS JIM OOJiee COBEPIICHHBIC, YeM HBIHE
CYIIECTBYIOIINE JIEKTPUUCCKUE MAIITUHEI, TIO3HAH MBI OoJiee mosiHO eaunHoe HD-mone?

CKOpOCTH M MaHEBPEHHOCTH COBPEMECHHBIX KOCMHYECKHX allapaToB BECbMa OTPaHWUYCHBI, a
PCaKTUBHBIC JBUTATEIH MATOd(PPEKTUBHBI, JOPOTOCTOSIIME, a BO MHOTHUX CJIydasx eIe W
OJTHOKPATHOTO NMpUMeHEeHHs. CaMbIii OOJIBIION TOPOK PEaKTHBHOIO JIBUTATENsl — €ro BeChMa HH3Kas
CTCIICHb HAJSKHOCTH W CBSA3aHHAs C ITHM upena karactpod. M 3To mpuToM, YTO NPHUHIIHITY
PCaKTUBHOTO JBMKCHHS BO3MOXKHA aJbTCPHATHBA, KOTOpas KaK HENb3s JIydllle MOXET OBITh
peanu3oBana B Kocmoce. Enqunoe HD-mose mposiBiisieT cebsi Mo OTHOIICHUIO K AJIEKTPOMArHUTHBIM
BOJIHAM, KaK BeChbMa JKeCTKasl cpefia. B CBS3W ¢ 3THM BO3HUKAET BOIPOC: @ HEJB3SI JIM OMEPEThCS O
HD3-mone? U eciu MOXKHO, TO, KAKMX KOCMHUYECKHX CKOPOCTEH MOYKHO JIOCTHYb, OTTAJIKUBAsIChb OT
emuHOrO HD-mONs, W HACKOJIBKO COBEPIICHHBIMH H  I(PQPEKTUBHBIMH MOTYT  OKa3aThCs
oTTaJIKUBaromuecs ot 3dupa (3bupoonopusie) apurarenu? [lossasercs Haaekaa, 9To B OMmKaiiiee
Bpems noJieT K JIyne mnu Mapcy okaxeTcst He 6oiee XJIONOTAUBBIM 3aHATHEM, UM MOe3/Ka B JPYyroi
KOHEI[ TOpoJa K Telle Ha OJIUHBI.

MBI ONBITAINCH JIMIIb CIIETKa «ITPUKOCHYTHCS» K 3QUpPY, U cpa3y, CKOJIbKO BOIIPOCOB, PEIlIEHNE
KOTOPBIX MOKET MPUHECTH OTPOMHYIO HAYYHYIO U MPAKTHYECKYIO MOyb3y. M HUKTO ceroiHs He 3HaeT,
CKOJIbKO HE MEHEe aKTyaJbHBIX BOIPOCOB MOXET MOSIBUTHCA M YCIEIIHO Pa3peliuThCs B Mpoliecce
uccienoBanusa enunoro H2-nosst — B mponecce no3nanus Ero Beanuecrsa IO UPA.

Mpumepobl

Ipumep 1. Omnpenenuth 3HAYCHHWE OTHOIICHUS CHJI JJICKTPUYECKOTO M TPABUTALMOHHOTO
B3aUMOJICHCTBHS IBYX ITPOU3BOJILHO BHIOPAHHBIX M HAXOIIIINXCS B BAaKyyMe 00pa3IoB BEIeCTBa.

Pemenue. /[ Havama ompenenuM 3HA4YEHHE CHJI DJICKTPHYECKOTO M TPABUTALMOHHOTO
B3aUMOJICHCTBHS JIBYX ITPOU3BOJILHO BEIOPAHHBIX aTOMOB, HAIIPHMED, ABYX aTOMOB MEJIH.

3HaueHHEe CHJI AIICKTPUYECKOTO B3aMMOJICHCTBHSI ONPEEISACTCS ¢ TIOMOIIBIO YPaBHEHHUS 3aKOHA
Kynona:

Fo_ 90
- 2
A -gy-6-1

3HaueHWe CWJI TPAaBUTALMOHHOTO B3aUMOJCHCTBHUSI OIPENENSeTCS C MOMOIIBI0 ypaBHEHHS

3aKOHA BCEMUPHOT'O TATOTCHMSL:
m-m
F.=7
m r2

OTHOIIEHUS IEKTPUUYECKUX W TPABUTALMOHHBIX CUJI, ACUCTBYIOIIMX Ha KaXbli aTOM Meu,

OTIpEIeNIETCs C MOMOIIBIO YpaBHEHUS
2
Fy _ q

F A -g,-€-y-Mm

m

2

_=135.102. L
m

2
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rie &£=1 — JUPNEKTpUYECKas TMPOHHUIIAEMOCTh BaKyyMa, 50=8,85-10_12K11/ (H-m*) -
3NIeKTpUYeCcKas MOCTOSHHAS; ¥ =6,67-107" H - m%/ke® — TrpaBUTalMOHHAS IIOCTOSHHAS, (—

BEJIMYMHA MOJIOKUTEIBHOTO 3apsiia OJHOTO aTOMa MEIM; M — Macca OJIHOTO aToOMa MEJIH.

B rtabmune Ilepmommueckoii cuctembl xumudeckux dnemeHtoB [l 1. MenaeneeBa wmenp
HaxoauTca Ha 29 mecte. DTO O3HAYAET, UYTO PO aTOMa MEIU COACPKUT 29 MPOTOHOB, MOITOMY
MOJIOXKUTEIBHBIN 3apsl OJTHOTO aTOMa MEIU PaBeH CyMMapHOMY 3apsiay 29 mpoTOHOB. 3apsia 0JHOTO
npotoHa paseH 1,6-107° Kn, cinenosarensho, q=29-1,6-10"°=4,64-10"°Kx .

B Tabmune Ilepumoanyeckoil CHCTEMBI XHMHYECKHUX JJICMCHTOB JUIS KaXKIOTO JJIEMEHTA
MIPUBOJUTCSl 3HAYECHUE MACChl aTOMa, BBIPAXKEHHOE B OTHOCHUTEIBHBIX ATOMHBIX EAMHHUIIAX MACCHI.
YMHOXHUB OTHOCHTEIIBHYIO MAacCy aromMa Ha OJHY aTOMHYIO €IMHHILYy Macchl (a.e.M.), MOJy4uM
aOCOJIIOTHOE 3HAYEHWE MacChl aroMa — Maccy aroMa M, BBIPAKEHHYID B KWIOrpaMMax.

OrtHocuTenpbHAs Macca aromMa Memd 63,55, a  la.e.m.=1,66-10%ke, clienoBaTeibHO,
m=63,55-1,66-107"=1,055-10"%«e .
Nwmerotcs Bce nanHbIe, MO3BOJSIONIME ONPEACIIUTh 3HAUCHUE OTHOLICHUS Fq / F,:
F, 1,35-10%.(4,64-107"%)°
F_~ (1055-107%)2

m

=262.10*

B kaxgom arome coaepkaTcs JBa PAaBHOBEIMKHMX PAa3HOMMEHHBIX JJIEKTPUYECKHUX 3apsija.
CnenoBarenbHO, B COOTBETCTBHE C MPHUHIMIIOM CYHEpPIO3UIMM JBa aTroMa MO MpH HUX
B3aUMO/JICHICTBUM HAXOJAATCA TOJ BIMSHHUEM JBYX B3aMMHO YPaBHOBEUICHHBIX 3JEKTPUYECKUX CHI,
3HaYeHHUs KOTOPBIX B 2,62-10% pa3 mpeBbIIIaoT 3HaUEHUs TPABUTALMOHHbIX CHIL.

Menpb — 3TO POU3BOJIBHO BBIOPAHHBIN XUMHYECKUN 3JIEMEHT, HO MOKHO OTPEJENIUTh 3HAaUeHHE
OTHOIICHUS DJIEKTPUUECKUX U T'PABUTALMOHHBIX CHJI, JIEHCTBYIOIIMX HA aTOMBI BCEX H3BECTHBIX

XAMHYECKNX DJIEMEHTOB. 3HAUECHNE OTHOILIEHUS CHJI Fq / F., Ui renus paBHO 3,13-10*°, u mo Mepe

YBEIUYCHHUS TOPSIKOBOTO HOMEpa XHMHUYECKOTO OJJIEMEHTa ATO 3HaueHWe yMeHbmaercs. Jlms
AJIEMEHTOB PACIOJIOKEHHBIX B KOHIIE TEPHOIWYCCKON TaONHIBI BEIMYMHA OTHOIICHUS Fq/ F.

OKa3bIBaeTCA OIM3KOIT 3Hadennio 2-10% u Tombko s Bogopona F, /F, =1,23- 10°%¢,

JIroboe BEIIeCTBO COCTOMT M3 OMpEICIICHHOTO Habopa aTOMOB, 3apsii M Macca KOTOPBIX
OCTAlOTCS HEU3MEHHBIMHU, TIOPTOMY M OTHOIICHHE Fq/ F.>10% Gymer cupaBemiuBa He TONBKO B

OTHOIIICHUH JBYX KaKHX-JTUOO aTOMOB, HO M B OTHOILIIEHHUHU JBYX MPOU3BOJIBHO BEIOPAHHBIX 00pa3IoB
BEIIECTBA.

Ipumep 2. OnpenenuTb, B KakUX OTHOIIEHUSX Y TMOBEPXHOCTH 3€MJIM HaXOJIATCS
HaIPsHKEHHOCTH JJICKTPUYECKUX TIOJICH, TNMpHHAAISKANIUX BemecTBy 3emiund W JIyHbI, a Tak ke
BeniecTBy 3emuin U CoJiHma?

Pemtenune. MOXXHO MOMBITAThCS ONPEACTUTh BETUYHMHY IOJOXKHUTEIBHOTO U OTPUIATELHOTO
3apsiia, KOTOPbIN conepkutcs B oobeMe 3emuun, ConHia u JIyHbI, a 3aTeM OMNpeIeNuTh 3HAUYCHHS
HaMpPsHKEHHOCTEH COOTBETCTBYIOLIUX DJIEKTPUUECKHUX IMOJIEH W MHTEPECYIoUMX Hac oTHomeHud. Ho
MBI BOCIIOJIb3yeMCSI MEHEe TOYHBIM, HO 00JIe€ MPOCTHIM METOJIOM.

CHayana  ompenendM  3HAYEHHE  OTHOIICHUS  HANPSHKEHHOCTEW  COOTBETCTBYIOIIMX
FPaBUTAIMOHHBIX MOJIEH. 3HAUYEHHE HANPSIHKEHHOCTH T'PABUTALMOHHOTO TIOJS OIpEACNsieTCs C
MTOMOIIIBIO CIAEAYIOLIEr0 YPaBHEHUS

_.m
g=7 Z
HCHOJ’ILSyﬂ 3TO ypaBHeHI/IC, MOXHO COCTABHUTH BLIpa)KCHI/ISI, C IIOMOIIIBIO KOTOpBIX OHpC,Z[eJ'ISIIOTCSI
OTHOIICHUA HaHpHX(eHHOCTeﬁ I‘paBI/ITaI_II/IOHHLIX HOJ'ICI\/‘I 3CMJ'II/I g 3 n .HYHBI g Vi .

9; _Ms Ty
Ox my-r;

13



a tak xe 3emmn ¢, u ConnHua g :

Gc Me-1;
Tne m,=598-10" ke — macca 3emnn; m,=1,99-10"ke — macca Connua; m, =7,35-10%ke
macca Jlymsr, I, =6,37- 10°m — cpemHee paccTOSHHE MEXKIy: MOBEPXHOCTBIO 3eMIM M IEHTPOM
3emmn; 1, = 3,84-10°m — cpennee paccrosuue mexty 3emineii u JIynoid; r, =1,5-10"m — cpennee
paccrosinue Mexay 3emieit u CosHieMm.

OTHoleHne HamnpsHKEHHOCTEH I'paBUTALMOHHBIX mosed 3emuu u JlyHbl, omnpeneneHHoe ais
TOYEK PACIOJIOKEHHBIX Y IOBEPXHOCTU 3€MIIU, UMEET CIIEeAYIoLIee 3HaYCHUE:

g, 5,98-10.(3,84-10°%)°
g, 7,35-10%°-(6,37-10°)
OTHoNICHNE HANPSDKEHHOCTEW TpaBUTAMOHHBIX Tosie 3emuin u CoJiHIIA, OMpENeIeHHOE st
TOYEK PacIoJIOKEHHBIX Y TOBEPXHOCTU 3€MJIU, UMEET CIEAYIolIee 3HAaUCHHUE:
g, 598-10**-(1,5-10")?
gc 1,99-10%.(6,37-10°%)?
Janubie mpumepa | CBHUIETENHCTBYIOT O TOM, YTO M Macca oOpaslia BEIIeCTBA, W BEIMYMHA
COJIEPXKAIIETOCS B HEM JJIEKTPUYECKOTO 3apsifa, HaXOIATCS B MPSMOM 3aBUCHUMOCTH OT KOJIMYECTBA
aTOMOB, BXOJMIIUX B cocTaB BemecTBa. CremoBarenbHO, 3HAYCHUE OTHOIICHHUS HaNpPsHKEHHOCTEH
TPAaBUTAIMOHHBIX TIOJIEW TPHUOMU3UTENPHO pPaBHBI 3HAYCHHWSIM  QHAJIOTHMYHBIX  OTHOIICHUM
HANPsHKEHHOCTEHW SJIEKTPUYECKUX MoJie. To eCTh HampshKEHHOCTh SJIEKTPUYECKOro MOJIsl, KOTOPOe
c(hOpMUPOBAHO Yy MOBEPXHOCTH 3€MJIM OJHUMH TOJBKO TOJOKUTEIBHBIMHU 3apsiiaMH WIH OJHUMH
TOJBKO OTPHULATENbHBIMM 3apAlaMH, COJEPKAIIMMHCS B JYHHOM M COJHEYHOM BEIIECTBE
npuomm3utenbHo B 296 000 m 1670 pa3 wMeHbIIe HaMPsSHKEHHOCTH DJIEKTPUYECKOTO  IMOJI,
c(OpMUPOBAHHOTO 3apsiiaMU, BXOISIIIMMH B COCTaB 36MHOT'O BELIECTBA.
IIpumep 3. KakoMmy BeCcy COOTBETCTBYET CHJIA, JACHCTBYIOIIAS HA KaXIblil U3 JBYX TOYEYHBIX,
Haxomsmmxcsi B BakyyMme (& =1), aJeKTpuuecKkux 3apsaoB, €CIM MX Pa3leisieT PacCTOsIHHE PaBHOE

= 295663,

=1667,

ogHoMy MeTpy (r =1.m), a 3HaUEHHE Ka)KAOTO 3apsijia paBHO OAHOMY Kylony (0, =0, =1 K1) ?
Pemenue. 3uayenue cuisl, papHoe 9-10° H | SIBJISIETCSL MCXO/IHBIM TIPH OTIPEJIENIEHUH 3HAYEHHUS

ANIEKTPUYECKON MOCTOSTHHOM, M 3TO 3HAUCHHE PaBHO CUJIaM, JCHCTBYIOIIUM Ha pacCMaTpPHBAEMBIC B
HACTOSIIEeM MpuMepe 3apsiibl. TO eCTh OTBET Ha MOCTABJICHHBIA BOIPOC YK€ TOTOB, HO 3TOT OTBET
MO>KHO TIOJTYYHTh U C TOMOIIBIO ypaBHeHHs 3akoHa KynoHa:
_ 0.9,

Ar-g,-&-1°

rae g, =8,85- 1072 Kn? / (H - MZ) — JIIEKTpHYECKas TIOCTOSIHHAS, CJICIOBATEIBHO,
1
F=
47 -8,85-107
3HaYCHUE MOJTYUYCHHOU CHIIBI MOKHO CPaBHUThH C BECOM YKEIIE3HOJOPOKHOTO COCTaBa, BBHIPA3HB

3T0T Bec B ToHHAaX. OauH HbIOTOH paBeH 0,102 kunozpamma, a 1000 kunozpammos pasuo 1 monne,
cnenoBatenbHo, 9-10° 0,102 = 918 000 000 xI" =918 000 7 .

OauH TOBapHBIN JKEIE3HOJOPOKHBIN BaroH OOIIEr0 Ha3HAYEHHUS, JJIMHA KOTOpOro paBHa 15
MeTpoB, a Bec 20 TOHH, paccuuTaH Ha TniepeBo3Ky 00-mu monn Ttpy3a. CrenoBaTeNbHO,
KENEe3HOJIOPOKHBIM  COCTaB, COCTOSIMUI U3 75 e6aconoe, Oyner o0iagate OOLIMM BECOM
(20+60)-75= 6000 monn u obuiecii qmuHOU 15-75=1125 mempos.

PaznenuB 918000 monn Ha Bec OIHOTO KENE3HOJAOPOMKHOTO COCTaBa, MOJYYUM KOJIUYECTBO
COCTaBOB, CyMMapHbBIii BEC KOTOPHIX PaBeH CuIie, ACHCTBYIOIIEH Ha Ka)XIbli M3 paccMaTpUBAEMBIX
sapsnos: 918 000/6000 = 153. CrenoBarenbHO, Ha KaXKIbIH M3 JBYX TOYEUHBIX ODJIEKTPHYECKUX

=9.10°
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3apsA70B BEIMYMHOM OJUH KYJIOH, HAXOJIIMXCS HAa PACCTOSHUM OJHOTO METpa JApyr OT Jpyra,
JEeWCTBYET CHiia IpeBblmaionas Bec 150 moaHOCThIO 3arpyKEHHBIX JKEIe3HOJOPOKHBIX COCTABOB, U
JUTMHA KaXKIO0TO TAKOTO COCTaBa 00J1€ OJTHOTO KUJIOMETpa.

Ipumep 4. OmnpeaenuTh BEIUYMHY IOJIOXUTEIBHOTO U BEJIWYMHY OTPHULATEIBHOIO
AIIEKTPUYECKOTO 3apsijia, COACPIKAIIETOCs B OJHOM KyOMUECKOM CaHTUMETPE MEJIH.

Pemenne. BenuuuHa MONOKUTEILHOTO SIEKTpHUECKOro 3apaga Q, comepsxamerocs B 1cm®
ME/I1, OIIPENIENSIETCS ¢ IOMOIIbIO YPaBHEHMUSI
Q=Ng
rie N — KoIMuecTBO aToMOB, coziepkamieecs B 1 ey’ Meau;  — BelIMYUHA TIOJIOKHUTEILHOTO 3apsa
OJIHOTO aToOMa MEeJIH.
Konuuecto atomoB N , Haxonsmuxcs B 1 cyu® Meau, onpenenseTcs ¢ MOMOIbIO YpaBHEHHUS

rne M —wmacca 1 em® Memu; m — Macca 0THOTO aTOMa MeIH.
Macca memm, comeprkamelics B 1em® (mnotHocTs Memm), paBHa 0,00896 ke/cm®, a macca

0JIHOTO aToMa MeJi| oIpeseneHa B pumepe 1. m =1,055-107°kz , cie10BaTeNbHO,
_0,00896

~1,055-10°%°

HOHy‘IGHHBII)i pe3yiabTaT COOTBETCTBYECT TEM, HNPUBOJUMBIM B JIUTCPATYpE AAHHBIMU, YTO 6

=8,5-10%

00HOM Kybuueckom canmumempe 1106020 memanna cooepycumes (107 +10%) amomos.

BenuuuHa TOJIOKMUTENLHOTO 3apsfa OAHOTO atoma memu (=4,64-10"°Kn (ompeneneno B
npumepe 1), cle0BaTeIbHO, BETMUYNHA HCKOMOTO TOJI0KUTEILHOTO 3apA/a:
Q =8,5-10%-4,64-107"® = 394 400 Kn
KonudecTBO coepsKaluxcs B aTOMe MPOTOHOB PaBHO KOJIMUYECTBY HIEKTPOHOB, CIIEI0BATENLHO,
3HAUEHMS] CyMMApPHOTO MOJIOKHUTEIFHOTO H CyMMapHOTO OTPUIIATENBHOTO 3aps/I0B, COACPKAIINXCS B
1cem® menn, OynyT onuHakoBbI ¥ paBHBI 394 400 K.

Marepuan omy6muxosan 13.10. 16 na caitre http://new-idea.kulichki.net/?mode=physics
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